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xiii

Throughout time, food has been used in healing. In recent decades food and medicine have taken 

divergent paths. Food has become bereft of nutrients, and modern medicine has sought to heal with 

technical advances that initially seem dazzlingly more powerful than food. Consequently, the heal-

ing potential of food is underutilized in modern medicine. 

After decades of journeying on different paths, food and medicine are now located far from each 

other in the health care system. The current gap between food and medicine is illustrated in our ter-

minology, which considers food and nutrients to be alternative and complementary to modern medi-

cine. Not only do such terms contradict the obvious—we must eat to live—they imply the opposite 

of what has taken place. Food and nutrients are the original medicine. They are the molecules of 

biochemistry, physiology, and immunology, and the shoulders on which modern medicine stands. 

This textbook was developed to help physicians reunite food and medicine in clinical practice. 

With food deviating from what the human body was designed to eat, with the population’s health 

challenged, and with emerging technologies creating new clinical tools, this is a time like no other 

to restore food and nutrients to their vital clinical roles.

FOR MEDICAL DOCTORS

Apple-a-day prevention is supposed to keep the doctor away! So why is this book on nutrition writ-

ten for doctors? Food and nutrients not only keep people healthy, they are clinical tools powerful 

enough to make sick people well.

Optimal nutrition as understood by recent advances in molecular science has the potential to 

unfetter patients bound by chronic disease. Once disease is present, dietary counseling may be insuf-

fi cient. Treatment may require diagnosing associated medical conditions, screening genetic fac-

tors, minimizing nutrient-drug interactions, ordering blood tests, referring patients to appropriate 

specialists, and modifying prescriptions. In other words, this book is not intended to add another 

responsibility to ever-shrinking offi ce visits. It is about the practice of medicine. Each chapter was 

written by medical doctors for medical doctors.

ABOUT HELPING TODAY’S PATIENTS

This book is written by physicians on the front lines of disease management. It is written for doctors 

who want the latest treatment approaches that benefi t today’s patients. 

This book does not represent guidelines, recommendations, or the current standard of medical 

care as defi ned by medical law. Neither does it contain patient-sensitive information.

PERTAINING TO BOTH FOOD AND NUTRIENTS

One who considers individual nutrients and biochemistry, but not food, is likely to miss the big 

picture. It matters how food tastes, how much time it takes to prepare, and how enjoyable it is to eat. 

Food is more than the sum of its nutrients. When it is eaten, with what other foods it is eaten, how 

it is prepared, and who is eating it all matter.

On the other hand, if you consider only food, you are forfeiting important knowledge such as 

how nutrient needs vary with disease and how the nutrient content of food varies greatly in modern 

Preface
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agriculture. Nutrients can overcome toxicant exposure, compensate for disease, overcome predis-

posing genetics and epigenetics, and repair medication-induced nutrient defi ciencies. In addition, 

this book reviews the medical literature on effectiveness of supplemental nutrients in treating dis-

ease. The quality of supplemental nutrients varies greatly and is also discussed.

BY A TEAM OF EXPERTS

People want to do what it takes to get better. However, information on nutrition tends to be incom-

plete, confusing, and often dangerously not applicable to the patient using it. As a result, food and 

nutrients are seldom used to their full healing potential. 

Food and Nutrients in Disease Management gives complete, clear, and patient-specifi c answers. 

Its 64 author experts come from extremely diverse backgrounds such as food anthropology, indus-

try, clinical practice in medical subspecialties, international health, academic medicine, and bio-

chemical research. While awaiting the fi rst chapter manuscripts, I nervously wondered what I would 

do if one chapter concluded “black” and the other said “white.” That never happened! Instead this 

large, diverse, and highly regarded team has spoken with remarkable convergence. Each chapter 

supports the others with varying shades of pearl, dove, and silver.

WITH MUCH EVIDENCE

Medical doctors have a professional duty to carefully consider the appropriateness of a therapy 

for their patients. To closely examine potential treatments for diseases of muscle, fat, and bone 

metabolism, I developed Scientifi c Evidence for Musculoskeletal, Bariatric, and Sports Nutrition 

(Kohlstadt, I., editor, CRC Press, Boca Raton, FL, 2006). The evidence for food and nutrients in 

disease treatment was compelling and complex. 

Food can be used for healing, but food is not medicine in the same way a drug is medicine. Foods 

that heal have gotten acquainted with human genes for millennia. They have evolved together. 

Eating food is not elective. It is not a matter of food or no food, the way a physician must decide 

whether or not to prescribe a drug. Food anthropology is compelling information. When food con-

tents, agriculture, processing, and preparation change, health conditions change with them. 

Interpreting nutritional studies poses an often overlooked challenge. Unlike medications that are 

foreign to the body, everyone has preexisting levels of nutrients. Generally it is only people with 

suboptimal levels who benefi t from supplemental dosing. Yet many nutrients cannot be measured 

in a laboratory. Dietary assessment is often inadequate to determine preexisting levels of nutrients 

since medications, diseases, modern food practices, and environmental toxins place additional bur-

dens on the body’s nutrient levels. Even if a dietary assessment indicates that a person eats suffi cient 

nutrients, their nutrient levels may still be inadequate. In this book clinical experts share their 

insights on interpreting clinical studies.

AND EXPERIENCE

The authors present solutions. They share the clinical approaches they have developed as experts 

in the fi eld. Yes, nutritional medicine needs better diagnostics, a detailed understanding of food 

reactivities and obesity, and uniformly high-quality supplemental nutrients. However, your patient 

is in your offi ce today!

Thank you for caring for your patients. May the knowledge in this book extend your healing 

reach.
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Thanks to the team! This book is a gift from its 64 authors, who have given the project long hours 

after clinical practice and other professional duties. They have freely shared their clinical pears, 
fruits from years of patient care and research. Their work enables physicians everywhere to maxi-

mize the healing potential of food and nutrients.

Writing is a discovery process, which is a gentle way of saying it invariably takes longer than 

expected. I thank the families of the authors, including my own dear Ellis and Raeha, for giving 

time and support to this project. As the book’s editor I am deeply appreciative.
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1 Age-Related Macular 
Degeneration

Geoffrey R. Harris, M.D., Steven G. Pratt, M.D., 
and Stuart Richer, O.D., Ph.D.

I. INTRODUCTION

Age-related macular degeneration is an eye disease characterized by a gradual loss of central vision 

in people over the age of 55. While medical treatments for macular degeneration have demonstrated 

limited success, nutritional interventions can make a marked difference in the prevention of disease 

progression. Understanding these nutritional and  lifestyle measures that have shown benefi t against 

this disabling disease is important for managing an expanding older population that is at risk for 

developing age-related macular degeneration.

II. BACKGROUND

Age-related macular degeneration (AMD) is the leading cause of blindness in the United States in 

people over the age of 55 [1]. In 1992, the Beaver Dam Eye Study, a large, longitudinal study of over 

5000 individuals in Wisconsin, found that the prevalence of AMD increases with age from 14.4% 

in patients 55 to 64 years old, to 19.4% in patients 65 to 74 years old, and to 36.8% in patients over 

75 years of age [2]. With the population of individuals over the age of 55 reaching more than 66 

million in the United States in 2006, the estimated number of cases of AMD has grown to over 1.6 

million [3, 4]. As the number of people over the age of 55 continues to grow, the number of cases 

of AMD will also continue to rise. It is estimated that there will be almost 3 million cases of AMD 

by 2020 [5]. 

AMD primarily affects the foveal area of the retina, which is used for sharp, central vision. 

There are two forms of AMD: atrophic (dry) and exudative (wet). Atrophic AMD is the more com-

mon and milder form, accounting for 85% to 90% of cases. It develops gradually over time and 

typically causes only mild vision loss. The exudative form is less common but more threatening to 

vision and is  considered an advanced form of AMD. Wet AMD accounts for only 10% to 15% of 

AMD cases, but causes 90% of the severe vision loss associated with AMD [4]. 

To understand the pathophysiology of AMD, it is helpful to fi rst review the pertinent anatomy. 

The macula is a small part of the retina, approximately 5 mm in diameter, which contains the fovea 

at its center. The center of the fovea is the thinnest part on the retina and is typically free of any 

blood vessels or capillaries. The macula, particularly the fovea, is responsible for detailed central 

vision and has a preponderance of cone-type photoreceptive cells. There are two functional layers 

to the macula: the photosensitive layer of rods and cones that gather light and convert it to nerve 

impulses, and the underlying retinal pigment epithelium with its basal lamina (Bruch’s membrane) 

that maintains the division between the retina and the choroidal vasculature [6]. 
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4 Food and Nutrients in Disease Management

Although the exact etiology of AMD is unknown, understanding the pathophysiology helps to 

explain the current medical and nutritional therapies for AMD. Clinically, the symptoms of early AMD 

are subtle, with the patient complaining of blurring and distortion of the central vision. Blurring can 

progress to central scotoma and severe loss of vision. Examination of the eye in early atrophic AMD 

reveals the accumulation of cellular debris between the retinal pigment epithelium and the basement 

membrane in the form of pale spots called drusen. Atrophic AMD causes atrophy of photoreceptors 

and changes to the retinal pigment epithelium, Bruch’s membrane, and choroidal blood fl ow with 

calcifi cation of the choriocapillaris. Over time, these changes worsen and can damage the macula and 

fovea through retinal pigment epithelium detachment, which destroys the overlying photoreceptors. 

The more severe exudative (wet) AMD is characterized by neovascularization of the fovea, which leads 

to capillary leakage and exudative damage to the macula. It is hypothesized that neovascularization 

occurs after the integrity of Bruch’s membrane is compromised [6–10]. It is not uncommon for a patient 

to have both atrophic and exudative changes in a single retina. Clinically, patients with atrophic AMD 

can develop exudative AMD at a later time, although this progression is not well understood. The onset 

and progression of AMD do not seem to follow a pattern and further research is needed [10]. 

The symptoms of early AMD are subtle, with the patient complaining of disturbances in 

 glare-readaptation (photo-stress recovery), a drop in contrast sensitivity (i.e., decreased vision of 

medium and large objects), and the requirement of more light when reading. Regrettably, most eye 

doctors do not evaluate these early changes. Central visual acuity changes occur later in the dis-

ease process compared to the early stealth-like changes that affect cultural vision such as driving 

and reading ability. Eventually, when central foveal acuity is affected, severe loss of Snellen vision 

occurs in a gradual or abrupt manner. 

As AMD progresses, patients indicate worsening vision ability and reduced quality of life. Central 

vision is critical for reading, performing basic manual tasks, driving, and even walking in an unfamil-

iar environment. Indeed, AMD is associated with an increased risk for hip fracture [11]. Individuals 

with AMD and visual impairment rate themselves lower on quality-of-life surveys and questionnaires 

that assess activities of daily living when compared to matched, unaffected controls [12].

AMD is also a risk factor for poorer survival and cardiovascular morbidity. Data from the 

Copenhagen City Eye Study identifi ed an increased risk (RR = 1.59 with 95% CI of 1.23–2.07) for 

all-cause mortality in women with early and late-stage macular degeneration [13]. In this study, 

men did not have a signifi cantly increased risk, but the Age-Related Eye Disease Study (AREDS) 

research group found an increased risk for mortality in their group of men and women with advanced 

AMD with a relative risk of 1.44 with a 95% confi dence interval of 1.08 to 1.86 [14]. AMD is also 

 associated with a higher risk for developing a myocardial infarction, even when controlling for other 

factors like smoking and age [15]. Furthermore, the 2006 Atherosclerosis Risk in Communities 

Study found that middle-aged individuals with AMD have an increased risk for stroke, indepen-

dent of other stroke risk factors [16]. While AMD may not be the direct cause of mortality or 

 cardiovascular disease, it is a marker for other processes and diseases that affect mortality. 

III. DIAGNOSIS OF MACULAR DEGENERATION

Signs of early AMD run the gamut from diffi culty reading small type without bright lighting, color 

vision disturbances, and glare readaptation delays to severe central scotomas and actual loss of visual 

acuity on a Snellen eye chart. Early screening for AMD can be performed using an Amsler grid, 

which looks like graph paper made from dark lines on a white background. Patients focus their vision 

on a small central spot about 14 inches from their face. If any of the straight lines appear wavy, bro-

ken, or distorted, a patient should be referred for a timely dilated retinal examination [17]. An eye 

professional will perform an assessment of visual acuity and a full retinal  examination. Examination 

of the fundus will identify any atrophy or neovascularization. Exudative AMD is typically examined 

with retinal and choroidal angiography using fl uorescein dyes, optical  coherence tomography, or indo-

cyanine dyes that show the architecture of the retinal vascular tree and identify any leakage. Serial 

funduscopic imaging with a camera can help identify changes and at-risk areas of the macula [6]. 
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IV. MEDICAL TREATMENTS FOR MACULAR DEGENERATION

Currently, there are no medical treatments for atrophic AMD; the only successful management of 

atrophic AMD is nutritionally related and will be discussed below. The existing current medical 

treatments for AMD address only exudative AMD and focus on inhibiting the neovascularization 

that leads to capillary leakage of blood and fl uid in the macula. Managing neovascular AMD is a 

diffi cult, long-term process that aims to slow vision loss by preventing vessel formation. Treatments 

must be instituted early to prevent exudative damage and extensive neovascularization [18]. 

Thermal photocoagulation with a laser was the fi rst effective therapy to show promise in  neovascular 

AMD [6, 9]. Unfortunately, thermal laser was only found to be helpful when used on vessels outside 

of the foveal avascular zone so as to prevent any collateral damage to the crucial foveal photore-

ceptive cells by the laser [19]. Newer techniques have focused on foveal neovascularization using a 

nonthermal laser and a photosensitizing drug (verteporfi n) that is more selective to blood vessels and 

causes less collateral photoreceptor damage [6]. Radiotherapy using fractionated radiation has also 

been shown to provide benefi t in preserving near vision and contrast  sensitivity [20]. Other treatments 

being tested involve anti-angiogenic compounds (anecortave acetate and triamcinolone acetonide) 

injected intravitreally or administered periocularly. Recent research has focused on slowing vision 

loss by neutralizing epithelial growth factor using a monoclonal antibody (ranibizumab) or modifi ed 

oligonucleotide (pegaptanib sodium) injected directly into the vitreous [9, 21]. Another promising 

molecule is pigment-epithelium-derived growth factor, which prevents angiogenesis and may improve 

the health of the retinal pigment epithelium and restore the blood-retinal barrier [18, 22, 23]. Currently, 

no treatments are available for advanced AMD or the  associated severe central vision loss.  

V. RISK FACTORS FOR AMD

MEDICAL RISK FACTORS FOR AMD

To effectively manage and prevent both the development and progression of AMD in patients, 

a physician must have an understanding of the associated risk factors for AMD (Table 1.1). The 

unmodifi able risk factors for AMD include age, gender, race, eye color, previous AMD in one eye, 

and genetic predisposition or family history. As previously discussed, the risk for developing AMD 

increases with age, and individuals over 75 years of age have the highest risk [2]. Females are also 

at a higher risk for developing AMD, though many authors suggest that this may be because women 

have a longer life expectancy and survive to develop AMD [24, 25]. Blue or green iris color and 

Caucasian race are also risk factors for developing AMD. Caucasians are at a much higher risk of 

losing vision to AMD than African Americans. This risk may be related to a decrease in melanin 

pigments or other protective mechanisms in the iris and retina that prevent high-energy light from 

damaging the macula [26]. Another unmodifi able risk factor for developing AMD in an eye is hav-

ing AMD in the other eye, indicating that the disease is not a random occurrence, but may be related 

to an individual’s genetic and environmental predispositions [27, 28].

Genetic studies have shown that there is a hereditary susceptibility to developing AMD [10, 29, 

30]. Monozygotic twin studies have identifi ed an increased risk for developing AMD in  individuals 

whose identical twins have AMD, even when environmental factors are not shared [31]. Other  studies 

support this shared genetic predisposition for AMD among siblings and twins [32, 33]. While the 

development of AMD is likely multifactorial, there is particular interest in the ABCR gene, associ-

ated with autosomal recessive Stargardt macular dystrophy. It is hypothesized that heterozygotes for 

ABCR mutations are at a higher risk for developing AMD [34]. Other genes, including the comple-

ment factor H (CFH) gene are being studied as potential predisposing factors for AMD [35–38]. 

Modifi able risk factors for AMD are more clinically relevant because they can be altered through 

medical intervention. The most well-established modifi able risk factors for the development of 

AMD are smoking and obesity. Smoking may be the most well-established modifi able risk fac-

tor for developing AMD, with many studies reporting a two- to three-fold higher risk for current 

smokers compared with nonsmokers [24, 39–41]. Past smoking is also a risk, one which drops each 
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year after quitting, although it never returns to that of age-matched individuals who never smoked 

[41]. Obesity has emerged as the second main modifi able risk factor behind smoking. Obesity, BMI 

greater than 30, higher waist circumference, and elevated waist-to-hip ratio have all been associated 

with a greater than two-fold risk for the development and progression of AMD [42–44]. 

Another main set of medical risk factors associated with AMD are cardiovascular-related risks. 

Physical inactivity is one cardiovascular risk that is also a risk for AMD. Physically active  individuals 

have a lower risk for developing exudative AMD (OR = 0.3, CI = 0.1 − 0.7) [45]. In addition, hyperten-

sion, elevated total cholesterol, coronary artery disease, atherosclerosis, diabetes, history of stroke, 

elevated C-reactive protein (specifi cally high-sensitivity C-reactive protein, hsCRP), high serum 

homocysteine, and increased levels of the systemic infl ammatory marker, IL-6, are each risk factors 

for the development of AMD [46–53]. The association of AMD with elevated serum homocysteine, 

hsCRP, and IL-6 suggests that AMD is both an infl ammatory and oxidative process [54–56].

OCULAR RISK FACTORS FOR AMD

Light exposure has a signifi cant effect on ocular tissue. The sun creates full-spectrum light, from ultra-

violet through the visual spectrum to the infrared wavelengths. The higher energy light in the ultraviolet 

and blue spectrum can injure eye tissue through oxidative damage from the generation of free radicals. 

TABLE 1.1
Risk Factors for AMD
Unmodifi able Risk Factors
Advancing age

Female gender

Caucasian race

Blue or light-colored iris

AMD in one eye

Family history of AMD

Previous cataract surgery [217, 218]

Modifi able and Cardiovascular Risk Factors
Smoking 

Obesity

High blood pressure

Elevated serum cholesterol

Physical inactivity

Coronary artery disease

Atherosclerosis

Diabetes

History of stroke 

Elevated hsCRP

High serum homocysteine

Increased serum levels of IL-6

Ocular Risk Factors
Excessive sunlight and blue light exposure

Low macular pigment optical density (MPOD)

Nutritional Risk Factors
Low dietary intake of lutein and zeaxanthin

Eating <2 servings of fi sh on a weekly basis

Low long-chain omega-3 PUFA intake

High dietary omega-6 to omega-3 PUFA ratio

High fat diet

Low serum vitamin D
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Ultraviolet light is absorbed by the human lens, so the only high-energy light that reaches the retina 

and macula is blue light [57–59]. There are many studies showing that exposure to blue light is toxic to 

retinal cells and retinal pigment epithelial cells in cell culture [60], rats [61, 62], and monkeys [63, 64].

Epidemiological studies of light exposure and AMD in human populations have produced con-

fl icting results. The Pathologies Oculaires Liees à l’Age (POLA) study from France found no rela-

tionship between self-reported history of light exposure and the development of AMD [65]. However, 

in the Beaver Dam Eye Study, older participants who indicated that they had been exposed to the 

sun for more than 5 hours a day during their teenage years and young adulthood had a higher risk 

of developing AMD (RR = 2.20, CI = 1.02 − 4.73). In this study, participants who indicated that 

they had the same, high level of summer sun exposure but used hats and sunglasses at least half the 

time during their teenage and young adult years had a decreased risk of developing the early signs 

of AMD [66]. Similarly, in the Chesapeake Bay Waterman Study, men exposed to increased levels 

of blue light were more likely to develop advanced AMD [67]. Overall, it does seem that there is an 

association between sunlight and blue light exposure and AMD.

Research has revealed that the retinal pigments that absorb high-energy blue light also have a 

protective effect and reduce the risk of developing AMD [68]. The macula, or macula lutea (lutea 

means yellow in Latin), has a yellow coloration that is attributable to the macular pigments, which 

consist of the carotenoid xanthophyll isomers: lutein and zeaxanthin [69, 70]. Xanthophylls are a 

type of carotenoid. There are over 600 known carotenoids, and between 40 and 50 carotenoids are 

available in a typical Western diet [71], although only 14 of these carotenoids have been detected in 

human blood [72–74]. The two large groups of carotenoids are xanthophylls, which contain oxygen 

molecules in their molecular structure, and carotenes, which typically consist of only carbon and 

hydrogen. The most common xanthophylls in foods are lutein and zeaxanthin, while the most com-

mon carotenes are alpha-carotene, beta-carotene, and lycopene [75].

Lutein and zeaxanthin are yellow pigments that reach their greatest concentration in the fovea 

(the center of the macula) with zeaxanthin being the predominant carotenoid [76–78]. There is 

controversy regarding the specifi c role of these pigments in the retina, but it is generally accepted 

that they protect the delicate macular photoreceptors and improve vision. The suggested functions 

of these pigments include reduction of light scatter and color abnormalities [79, 80], direct absorp-

tion of high-energy blue light that can damage the macula [81], and protection against free radicals 

created from photochemical reactions in the photoreceptor cells through lutein’s and zeaxanthin’s 

antioxidant abilities [82–85]. It is likely that these carotenoids perform each of these functions to 

protect the retina and preserve central vision [85, 86]. 

The risk for developing AMD is related to the carotenoid levels in the macular pigment. A 2008 

Japanese study identifi ed that macular carotenoid levels decrease with age in both normal subjects 

and individuals with AMD. They also found that macular pigment carotenoid levels are signifi -

cantly lower in patients with early AMD when compared with individuals without signs of AMD 

[87]. This study confi rms previous work that found macular pigment optical density (MPOD) is 

inversely related to the risk of developing AMD [88–90].

NUTRITIONAL RISK FACTORS FOR AMD 

Intrinsic production of carotenoids does not occur in mammals, and thus macular pigment must be 

traced to dietary intake. Studies have shown that high dietary intake of lutein and zeaxanthin and of 

fruits and vegetables high in the xanthophyll carotenoids is associated with a lower risk for develop-

ing AMD [91–95]. Numerous studies have also shown that dietary intake of lutein and zeaxanthin 

has a direct association with serum levels of lutein and zeaxanthin [96–101]. Furthermore, MPOD 

is directly related to dietary intake of the xanthophyll carotenoids and serum levels of lutein and 

zeaxanthin [96, 97, 102, 103].

Other dietary and nutritional risk factors for the development of AMD include low fi sh consump-

tion, high-fat diet, and low vitamin D levels. Increased intake of fi sh, at least two or more servings 
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per week, reduces the risk for developing AMD [39, 104]. Furthermore, dietary omega-3 fatty acids, 

which are found in high levels in fi sh, are also associated with a lower risk for developing AMD [39, 

104, 105]. This reduced risk seems to be related to increased dietary intake of omega-3 polyunsatu-

rated fatty acids (PUFAs) [106].

Docosahexaenoic acid (DHA) is the predominant PUFA in brain and retinal tissue, and retinal 

concentrations of DHA are dependent on dietary concentrations [107]. Animal studies have shown 

that dietary deprivation of DHA leads to lower retinal DHA levels, abnormal electroretinograms, 

and visual impairment [108, 109]. Higher fi sh intake is associated with a lower risk for developing 

AMD in part because of the high concentrations of preformed DHA in fi sh [104]. In order to achieve 

optimal retinal levels of DHA, the following dietary considerations are proposed:

 1. A diet high in omega-6 PUFAs can inhibit omega-3 usage [110]. Due to the pervasive use of 

vegetable oils that are high in omega-6 PUFAs like corn and soybean oil, the relative ratio of 

omega-6 to omega-3 in a typical Western diet has risen to approximately 10 to 1 [111–113]. In 

non-Westernized diets and historic diets, the ratios have been estimated to be 2 to 1 and 1 to 1, 

respectively [114]. A 2003 study confi rms that high dietary intake of omega-6 PUFAs in the 

form of vegetable fat increases the risk of developing AMD [43]. Vu et al. reported that indi-

viduals who ate more than 7.17 mg a day of the essential omega-6 fat linoleic acid (LA) had an 

increased risk of developing AMD [106]. The study found that lutein and zeaxanthin were pro-

tective for the development of AMD when LA levels were low. However, with high intake of 

LA, higher lutein and zeaxanthin levels increased AMD risk, suggesting that a poorly under-

stood infl ammatory response may be present as is the case with beta-carotene in smokers.

 2. Omega-6 fats from vegetable oils often undergo partial hydrogenation, which produces 
trans fats. Trans fats interfere with synthesis of DHA in several ways. One mechanism that 

has been well studied is the ability of trans fats to inhibit the rate-limiting enzyme delta-6-

dehydrogenase. Zinc defi ciency also inhibits this enzyme, presenting another mechanism 

by which zinc may prevent AMD. 

 3. Fats and oils that are processed through hydrogenation, partial hydrogenation, and several 

other methods lose a substantial amount of fat-soluble vitamins such as vitamin D, vitamin 

E, beta-carotene, lutein, and zeaxanthin. Enriched fats are those that have had the many 

different tocopherols and tocotrienols removed and replaced with alpha-tocopherol. Beta-

oxidation within the body is an oxidative process that requires diverse antioxidants to 

protect sensitive tissues like the retina. Separating fats from their antioxidant companions 

impairs the body’s ability to safely achieve optimal DHA for retinal health. How fats are 

processed can explain why a diet high in fat increases AMD. Consuming nuts, an unpro-

cessed high-fat food, lowers risk for developing AMD [43]. 

The combination of high omega-6 content in the Western diet, introduction of trans fats, and pro-

cessing fats to remove the natural antioxidants appears to have created a shortage of DHA usable 

for the retina, which can be mitigated with supplemental DHA. 

Finally, vitamin D defi ciency is related to the development of AMD. Serum levels of vitamin D 

have been shown to be inversely associated with early AMD. Furthermore, in a group of people who 

did not consume milk, which is fortifi ed with vitamin D, patients who consistently took a vitamin 

D supplement were at lower risk (OR = 0.67, 95% CI = 0.5–0.9) of developing early AMD than 

individuals who did not take a vitamin D supplement [115]. 

VI. TESTING FOR AMD IN HIGH-RISK PATIENTS

Screening for AMD is important after the age of 55. Patients can use an Amsler grid on a weekly 

basis to self-test for any central vision changes. An Amsler grid can easily be printed from the 

Internet and demonstrated in the offi ce in only a few minutes. Unfortunately, the Amsler grid has a 
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sensitivity of less than 50% and can miss a number of patients with AMD [116]. Sensitivity of the 

Amsler grid is even lower for detecting patients with early AMD [117]. Additionally, many patients 

with early AMD have 20/20 vision by Snellen eye chart. The best way to diagnose early AMD is 

through a thorough dilated retinal exam by an eye professional. 

After the age of 55, patients should have a dilated eye examination by an eye professional at least every 

3 years and Snellen visual acuity (eye chart) testing on at least a yearly basis. The American Academy 

of Ophthalmology recommends that patients have a dilated eye examination every 1 to 2 years starting 

at the age of 65 [118]. Ideally, individuals over 55 years old should have a dilated eye examination every 

year by an eye professional, and this should be strongly recommended for at-risk patients.

Yearly routine physical examinations of patients over 55 years of age should include questions 

about visual changes, problems with adapting after bright light exposure, diffi culty reading, percep-

tion issues while driving, or vision loss. In addition to a thorough family history that includes eye 

diseases, the history should also include a social history that addresses sun exposure, utilization 

of sunglasses and hats, supplement usage, and dietary habits with an emphasis on fruit, vegetable, 

and fi sh consumption. Further testing should be recommended for high-risk patients. In addition to 

routine screening for cardiovascular disease with lipid panels, hsCRP levels, homocysteine levels, 

and renal and liver function panels, patients with multiple risk factors for AMD may benefi t from 

serum carotenoid levels and ocular testing for MPOD.

Serum quantifi cation of carotenoids is available for clinical usage [119–121]. LabCorp offers a 

beta-carotene level that only identifi es beta-carotene [122], while Quest Diagnostics offers a frac-

tionated carotene test that measures serum levels of alpha-carotene, beta-carotene, lutein, and zeax-

anthin [123]. The Quest Diagnostics test is performed by the Associated Regional and University 

Pathologists, Inc. (ARUP) and requires an overnight fast (12 hours) and abstinence from alcohol for 

at least 24 hours prior to the test. The charge for the test is around $150, with the price varying based 

on the local laboratory [124]. Check with your laboratory about the availability of carotenoid testing 

before ordering the test to ensure the proper evaluation is performed. 

MPOD testing is becoming a more widely available tool for evaluating AMD risk [96, 125–127]. 

Typically performed by an eye professional, MPOD testing is accomplished by a machine that 

measures lutein and zeaxanthin levels in the macula. Check with your local eye professionals as 

to whether they are performing MPOD determinations prior to referring a patient at high risk for 

developing AMD. MPOD testing and serum carotenoid levels can help guide a therapeutic plan 

for lowering risks and preventing AMD. Counseling and education about dietary habits, nutrient 

supplementation, and high-energy light avoidance and protection are part of preventing and slowing 

the progression of AMD.

VII. DIETARY AND NUTRITIONAL MANAGEMENT OF AMD

Nutritional management and prevention of AMD can be divided into two approaches: fi rst, increas-

ing dietary antioxidants; and second, augmenting the macular pigment by increasing the intake of 

xanthophyll carotenoids. Research has shown that the prevalence of AMD is higher in individuals 

with low antioxidant intake and low lutein intake [128]. Clearly, there is overlap between antioxidant 

and xanthophyll carotenoid intake because carotenoids are able to act as antioxidants, and antioxi-

dants can increase intestinal absorption of lutein and zeaxanthin by protecting these pigmentary 

carotenoids [129]. However, this division is helpful when considering the scientifi c literature and 

counseling patients to make dietary changes.

ANTIOXIDANT INTAKE

Oxidative stress has been linked to AMD, and the earliest nutritional studies of AMD focused on 

the effects of antioxidant intake. The most commonly recognized antioxidants include vitamin C, 

vitamin E, and beta-carotene. Vitamin C, l-ascorbic acid, is a water-soluble, essential nutrient that 
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can scavenge free radicals and be regenerated (reduced) by glutathione. Vitamin E, which usually 

appears in supplements as alpha-tocopherol, is only one molecule in the tocopherol antioxidant 

family. In fact, the tocopherols, and the closely related tocotrienols, all have vitamin E activity. 

Tocopherols and tocotrienols are fat-soluble nutrients. The main compounds with vitamin E activity 

are alpha-, beta-, gamma-, and delta-tocopherol, and alpha-, beta-, gamma-, and delta-tocotrienols. 

Nuts, seeds, olive oil, whole grains, and green leafy vegetables are all excellent sources of tocoph-

erols and tocotrienols. Oxidized vitamin E, which is formed after vitamin E absorbs a free radical, 

is reduced back to its active form by vitamin C [130, 131].

Beta-carotene is the most extensively studied of the carotenoids and serves as an example of both 

the benefi t and potential risk of antioxidants. Early nutritional research found a positive correlation 

between consumption of foods high in beta-carotene and a lower cancer risk. This correlation led 

to many studies using beta-carotene supplementation as a potential means for preventing cancer. 

However, results of beta-carotene supplementation have been mixed, and in two large studies, beta-

carotene supplementation was actually shown to increase lung cancer risk and increase mortality 

in smokers [132, 133]. 

While most of the early studies of beta-carotene supplementation looked for a single nutritional 

compound for effective cancer prevention, subsequent research has identifi ed that the antioxidant 

benefi t of beta-carotene involves a complicated relationship between vitamin C, vitamin E, gluta-

thione, and other antioxidants [134]. Beta-carotene requires other antioxidants to regenerate itself 

and prevent the development of its pro-oxidant form. To clarify this process, free radicals that are 

generated by oxidative stress can be absorbed by antioxidants to prevent these reactive free radicals 

from damaging DNA or cellular proteins and enzymes. When antioxidants absorb a free radical, 

they become oxidized (a pro-oxidative state) and must be reduced (regenerated). It is hypothesized 

that exclusive beta-carotene supplementation in individuals with low intake of other antioxidants 

actually causes a pro-oxidative state with oxidized beta-carotene causing further cellular damage 

[135]. 

Since antioxidants work in concert, the fi rst antioxidant studies in AMD used a mix of com-

pounds. One of the most publicized research studies of antioxidant supplementation in AMD is 

from the AREDS (Age-Related Eye Disease Study) group, which is sponsored by the National 

Eye Institute. In their study, 11 retinal centers enrolled individuals from 55 to 80 years of age and 

divided them into four groups based on their degree of AMD. Category 1 had no AMD, and cat-

egories 2 through 4 had increasing degrees of AMD. Using a randomized, double-blinded, placebo-

controlled design, participants in each category of AMD were assigned to one of four study groups: 

antioxidants, 80 mg of zinc (with copper to prevent anemia), antioxidants plus zinc (and copper), 

or placebo. In this study, the antioxidant mix included 500 mg of vitamin C, 400 IU of vitamin E, 

and 15 mg of beta-carotene. Average follow-up for the study was 6.3 years, with only 2.4% lost 

to follow-up. The outcomes that the study measured were AMD progression and change in visual 

acuity. 

AREDS found no benefi t of supplementation in patients with no AMD (category 1), but it did 

identify benefi ts to categories 2, 3, and 4. When categories 2, 3, and 4 were combined for analysis, 

there was a statistically signifi cant decrease in risk of progression to advanced AMD for the zinc 

groups (when adjusted for age, sex, race, AMD category, and baseline smoking status) with an OR 

of 0.71 (CI = 0.51 − 0.98) and the antioxidant plus zinc groups with an OR of 0.72 (CI = 0.52 − 0.98). 

The risk of progression to advanced AMD was even lower when just the moderate and severe AMD 

groups (subjects in category 3 and 4) were analyzed. When the study looked at visual acuity loss in 

category 3 and 4 subjects, the only statistically signifi cant risk decrease was achieved by subjects in 

the groups who took antioxidants plus zinc (OR = 0.73, CI = 0.54 − 0.99). It is important to note that 

trends toward lower risk for progression to advanced AMD and loss of visual acuity were found in 

categories 2, 3, and 4, for antioxidants, zinc, and antioxidants plus zinc, though these did not reach 

statistical signifi cance. Unfortunately, the study may not have been adequately powered to identify 

a benefi t in the group with no AMD (category 1) [136]. Alternatively, the lack of benefi t in category 
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1 patients may be because participants without AMD were zinc and antioxidant replete prior to 

supplement use. 

Since recent research has identifi ed the added benefi t of the pigmentary carotenoids and the 

advantage of diets with high intake of antioxidant-rich foods, studies using isolated antioxidants 

have been replaced by those evaluating more comprehensive supplements and dietary approaches 

[137]. The AREDS has started the AREDS II trials that will evaluate the effects of supplemental 

lutein and zeaxanthin and/or omega-3 long-chain PUFAs, in combination with the original antioxi-

dant formulation, on the development of AMD.

BETA-CAROTENE

As mentioned above, beta-carotene supplementation has been associated with an increased risk 

for developing lung cancer in smokers [138]. Smokers, individuals with a history of smoking, and 

people with a higher risk for developing lung cancer, should not take beta-carotene supplements or 

multivitamins that contain beta-carotene. Furthermore, asbestos workers as well as individuals who 

abuse alcohol should avoid beta-carotene supplements. The AREDS II trial will also evaluate the 

effect of removing beta-carotene from the antioxidant formulation. 

ZINC

Zinc is an antioxidant that has shown benefi t in preventing the progression of AMD and has been 

included in antioxidant supplements for AMD. Zinc has antioxidant properties that protect proteins 

and tissues against free radical damage [139]. However, taking too much daily zinc can be a prob-

lem. High zinc intake can suppress copper absorption and lead to copper defi ciency with subsequent 

immunosuppression and anemia [140, 141]. The National Academy of Sciences–National Research 

Council’s (NAS–NRC) Recommended Dietary Allowance (RDA) for zinc is 8 mg/day of elemental 

zinc for women and 11 mg/day for men. The NAS–NRC has indicated that zinc supplementation 

should be limited to 40 mg/day and that zinc supplements should include copper to prevent copper 

defi ciency [142].

Zinc is found in the protein component of plant and animal matter and is found in a variety 

of foods. The food sources of zinc include shellfi sh (especially oysters), red meat, poultry, forti-

fi ed cereals, whole grains, legumes, greens, and nuts. Oysters have the highest amount of zinc per 

serving, but in a typical American diet most of the zinc comes from red meat and poultry. Zinc 

absorption is higher from animal protein than plant protein, because plants contain organic acids 

like phytic acid and oxalic acid that bind elements like zinc and calcium and prevent their absorp-

tion; this differential absorption is more pronounced in individuals with high dietary fi ber intake. 

Consequently, vegetarians have a higher risk for zinc defi ciency than omnivores [143–145]. Alcohol 

also decreases the absorption of zinc and increases urinary zinc excretion, and zinc defi ciency is 

common in alcoholics [146]. Diarrhea also results in loss of zinc and zinc defi ciency. Chronic diar-

rhea and malabsorption from celiac sprue, Crohn’s disease, short bowel syndrome, and bariatric 

surgery are risk factors for zinc defi ciency [147]. Furthermore, one of the physiologic responses to 

emotional and physical stress is higher urinary excretion of zinc, which results in increased need of 

this trace mineral.

Zinc is available as a supplement, and daily multivitamins typically contain 15 mg of elemental 

zinc. Nutritional supplement shakes such as Ensure and Boost also contain zinc. When counseling 

patients about zinc intake and supplementation, it is important to understand the symptoms of zinc 

toxicity [148]. High doses of zinc are associated with stomach upset, vomiting, headaches, diarrhea, 

fatigue, exhaustion, and a metallic taste [149], while copper defi ciency typically presents with anemia 

symptoms [150]. Studies have also identifi ed that supplementation with high levels of zinc can cause 

prostate enlargement [151] and increase the risk for developing Alzheimer’s [152]. Continued high-

dose therapy with zinc may also accelerate the development of atherosclerosis and heart disease by 
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increasing total cholesterol and LDL, elevating serum triglycerides, and lowering HDL [153, 154]. Zinc 

may also interfere with angiotensin-converting enzyme inhibitors, antibiotics, hormone replacement 

therapy, and nonsteroidal anti-infl ammatories [149]. Zinc status can be diffi cult to assess in patients, 

and physicians must rely on a thorough dietary history and questions about supplementation to ensure 

patients are getting an adequate amount of zinc and avoiding excessive zinc consumption. Depleted 

zinc may also be suspected with certain rashes, frequent colds or viral infections, and lack of ability to 

taste zinc. If zinc cough drops or zinc challenge liquid tastes neutral or even tastes good, it is an indica-

tion that zinc stores are low. As zinc becomes replete the same cough drops and liquid taste bitter.

While zinc is a benefi cial antioxidant and an important element in the diet, long-term high-

dose zinc therapy may not be necessary to manage AMD. Patients should be encouraged to take a 

daily supplement with antioxidants including zinc and copper, but dosages above 40 mg a day are 

unnecessary and potentially harmful due to the side effects and lipid effects mentioned above. The 

AREDS II trial will also test a lower level of zinc supplementation (25 mg) against the original high-

dose zinc (80 mg) that was used in the original AREDS trial. 

ALPHA-LIPOIC ACID

Alpha-lipoic acid is a thiol antioxidant with an active cyclic disulfi de bond that has been shown to 

be benefi cial to retinal tissue by preventing oxidative stress and regenerating other antioxidants like 

glutathione, vitamin C, and vitamin E [155–157]. Alpha-lipoic acid is soluble in water and lipids 

due to its small size and chemical structure. In cell culture, retinal pigment epithelial cells are 

protected from oxidative damage by alpha-lipoic acid and its ability to scavenge reactive molecules 

[158]. Good sources of alpha-lipoic acid include broccoli and spinach. Both broccoli and spinach 

are also high in other antioxidants that work synergistically with alpha-lipoic acid. For example, 

sulforaphane, an isothiocyanate found in cruciferous vegetables like broccoli, has been shown to 

defend retinal tissue by working with other antioxidants to protect the macular cells from light-

induced damage [159]. Furthermore, fl avonoids, like luteolin, which is found in leafy vegetables 

like spinach, have been shown to protect retinal pigment epithelial cells from oxidative damage and 

decrease corneal neovascularization [160, 161].

Alpha-lipoic acid is available as a supplement; however, recommended dosages have not been 

clearly established. As a nutritional supplement, the typical dosage of alpha-lipoic acid is 100–200 

mg/day, although higher doses have been shown to be effective in treating liver disease and diabetic 

neuropathy. The No Observable Adverse Effect Level (NOAEL) for alpha-lipoic acid is considered 

to be 60 mg per kg of body weight per day [162, 163].

LUTEIN AND ZEAXANTHIN INTAKE

Early studies revealed that increasing the dietary intake of lutein and zeaxanthin augmented the 

MPOD in study participants [164, 165]. Furthermore, lutein supplementation of only 10 mg/day 

was shown to increase MPOD in individuals by 4% to 5% during a 4-week study published in 2000 

[166]. Since these studies were published, the interest in the effect of lutein and zeaxanthin on AMD 

has generated a large amount of exciting research.

In 2004, the LAST (Lutein Antioxidant Supplementation Trial) study published results showing 

improvement in visual function and MPOD in veterans with AMD taking either 10 mg of lutein alone 

or in combination with an antioxidant supplement [167]. In 2007, the LAST II showed that individu-

als with the lowest MPOD were the most likely to benefi t from supplementation with lutein alone or 

lutein plus antioxidants [168]. The LAST II study results suggest that individuals with low MPOD 

can benefi t from supplementation and actually improve their MPOD. Furthermore, the LUXEA 

(Lutein Xanthophyll Eye Accumulation) study published in 2007 found that supplementation with 

lutein (10 mg) causes pigment accumulation in the fovea, and zeaxanthin supplementation (10 mg) 

causes pigment accumulation over a wider area of the retina. Both xanthophyll carotenoids improved 
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MPOD, but a mixture of lutein and zeaxanthin (10 mg/10 mg) resulted in the greatest statistically

signifi cant increase in MPOD [169]. The TOZAL (Taurine, Omega-3 Fatty Acids, Zinc, Antioxidant, 

Lutein) study tested a multivitamin supplement that included vitamin C, vitamin E, lutein (8 mg), zea-

xanthin (400 μg), beta-carotene, zinc (70 mg), copper, and long-chain omega-3 PUFAs (120 mg DHA and 

180 mg eicosapentaenoic acid [EPA]) in patients with atrophic AMD. It found stabilization and improve-

ment in visual acuity in 76.7% of the subjects who took the supplement over a 6-month period [170].

One potentially contradictory study published in 2007 found that 6 mg of lutein supplementa-

tion in a group of 15 patients did not signifi cantly improve contrast sensitivity in a group of AMD 

patients during a 9-month trial [171]. However, the small size of the study and low relative dose of 

lutein create more questions about the necessary study size, lutein dosage, and time to show benefi t 

in supplement trials and AMD. The AREDS II trial will help clarify the appropriate supplement 

therapy because it is a very large, long-term (6 year) study.

For now, it is reasonable to recommend an antioxidant supplement. Since many people at risk for 

AMD take multivitamins, the antioxidant supplement could be a multivitamin that contains lutein, 

zeaxanthin, alpha-lipoic acid, zinc with copper, and a full spectrum of vitamin E. This supplement 

should be combined with a fi sh oil supplement or other source of preformed DHA and EPA. We 

recommend patients take a total of 1 to 2 g of a fi sh oil supplement daily.

THE SYNERGY OF WHOLE FOODS

To appropriately achieve a healthy dietary mix of antioxidants, carotenoids, and omega-3 PUFAs, 

AMD patients should receive nutritional counseling about incorporating benefi cial foods and limit-

ing harmful foods in their diet. 

Whole foods are very important to the management and prevention of AMD. As scientifi c 

research expands the number of crucial nutrients that are included in the latest antioxidant AMD 

supplements, whole foods seem increasingly signifi cant. Whole foods contain a mix of vitamins, 

minerals, and phytonutrients that act as antioxidants and anti-infl ammatories. Phytonutrients are 

plant nutrients that work with the traditionally recognized vitamins and minerals and have thera-

peutic benefi t. The common families of phytonutrients include carotenoids such as lutein, zeaxan-

thin, lycopene, beta-carotene, and alpha-carotene; and polyphenols, which include the isofl avones, 

fl avonoids, and tannins. The fl avonoid group includes anthocyanins and catechins. Whole fruits and 

vegetables contain an extensive mix of these phytonutrients [75].

Early studies that established the benefi t of antioxidants and carotenoids on AMD examined 

food questionnaires in epidemiological studies. The focus on individual nutrients was borne out of 

these studies when researchers tried to identify single vitamins, minerals, or phytonutrients from 

the whole foods that might be providing the benefi t for AMD. Trying to discover one benefi cial 

compound in the complicated mix of nutrients in whole foods may not be reasonable. Identifying 

the fruits and vegetables that prevent and slow the progression of AMD is the important issue, not 

the possible individual nutrients.

Intake of foods high in lutein and zeaxanthin is important to preventing AMD and slowing its 

progression. Studies have revealed an inverse relationship between both the volume and the fre-

quency of carotenoid-rich food consumption and risk of developing macular pigment abnormalities 

[172]. A partial list of foods that are high in lutein and zeaxanthin can be found in Table 1.2. Spinach 

is an excellent food for AMD because it is high in lutein and zeaxanthin, contains a mix of tocoph-

erols, and has alpha-lipoic acid and other carotenoids and phytonutrients. Broccoli contains the xan-

thophyll carotenoids, alpha-lipoic acid, and sulforaphane, a phytonutrient that protects retinal cells 

from high-energy light-induced free radicals [159]. Egg yolks are another good source of lutein, 

with a higher bioavailability than lutein supplements, lutein ester supplements, or spinach [173].

Furthermore, many fl avonoids found in whole foods have shown benefi t in protecting retinal 

pigment epithelial cells from oxidative stress. Fisetin found in strawberries, luteolin in oranges and 

spinach, quercetin from apples and red onions, and epigallocatechin gallate (EGCG) from green tea 
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all have a protective effect against free radicals in retinal cells [160]. By including the whole food 

source for these phytonutrients in a typical diet, a patient will increase dietary levels of many other 

vitamins and minerals that may help prevent AMD, including vitamin C, tocopherols, carotenoids, 

and zinc. Whole fruits and vegetables offer a nutrient synergy due to their complex mix of many 

vitamins, minerals, and phytonutrients, which is diffi cult to recreate. 

By increasing fruit and vegetable intake, and limiting high-fat, high-calorie, and low-nutrient 

foods, patients will begin to lower their risk for AMD and other medical conditions. Eating more 

fi sh, supplementing DHA, and limiting the intake of vegetable oils will positively shift the dietary 

ratio of omega-6 to omega-3 and improve eye health and lower cardiovascular risk.

WHOLE FOODS IN THE PREVENTION OF NEOVASCULARIZATION AND ANGIOGENESIS

There is emerging information about the benefi cial effects of the phytonutrients from whole foods on 

the prevention of angiogenesis. Angiogenesis from the choroidal vasculature leads to neovasculariza-

tion of the macula and the extremely debilitating, exudative AMD. Recent research has found that 

certain phytonutrients suppress endothelial cell growth and prevent angiogenesis. EGCG from green 

tea has been shown to block vascular endothelial growth factor (VEGF) in vitro and prevent neovas-

cularization in an embryonic membrane and mouse corneal tissue [174]. Pomegranate extract [175], 

an isofl avone from soy, a polyphenol from oranges, and a fl avonoid from berries [161] have all been 

shown to inhibit angiogenesis and inhibit VEGF. Furthermore, resveratrol, another phytonutrient from 

red wine, can prevent angiogenesis when administered orally [176]. Another phytonutrient, procyani-

din, found in cocoa, can inhibit vascular endothelium proliferation after oxidative stimulation [177].

While research still needs to address the long-term effect of these phytonutrients on AMD, 

encouraging patients to eat berries, soy products, oranges, pomegranates, and dark chocolate is not 

likely to cause harm. Furthermore, eating whole fruits and vegetables and drinking green tea and 

red wine (in moderation) may not only benefi t AMD, but prevent cancer, since the growth of solid 

tumors is dependent on angiogenesis [178]. We are encouraged by the potential of phytonutrients to 

prevent and limit angiogenesis in exudative AMD.  

CARBOHYDRATES AND AMD

While whole grains that are high in nutrients and fi ber are an important tool in the nutritional 

 management of AMD, refi ned carbohydrates should be avoided [179]. A 2007 study found that 

TABLE 1.2
Lutein and Zeaxanthin Content in Select Foods 

Fruit, Vegetable, or Food Source
Lutein and Zeaxanthin Amount 

(micrograms/100 grams edible portion)

Kale, raw 39,550

Kale, boiled and drained 15,798

Spinach, raw 11,938

Spinach, boiled and drained 7,043

Lettuce, romaine, raw 2,635

Broccoli, boiled and drained 2,226

Corn, sweet, yellow, boiled and drained 1,800

Peas, green, canned 1,350

Carrots, baby, raw 358

Oranges, raw 187

Egg, raw 55

Source: Adapted from USDA-NCC Carotenoid Database for U.S. Foods [219].
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individuals who consumed a diet rich in refi ned carbohydrates with a high glycemic index had a 

higher risk of AMD progression when compared with individuals who consumed a diet with a low 

 glycemic index [180]. Physicians should encourage AMD patients to limit refi ned carbohydrates. 

VIII. NUTRITIONAL ISSUES IN AMD MANAGEMENT

ABSORPTION AND AVAILABILITY OF DIETARY CAROTENOIDS

The two main issues with regard to carotenoid bioavailability are release of carotenoids from the food 

source and digestive absorption. Since carotenoids are typically intracellular in fruits and vegetables, 

the cell wall must be compromised for the carotenoids to be available for micellization, the process 

of creating a micelle, which facilitates the absorption of fat and fat-soluble nutrients. Gentle cook-

ing, processing by chopping or shredding, and thorough mastication are the best ways to increase 

the availability of carotenoids from plant sources, while gastric digestion is less effi cient [181–183]. 

Furthermore, there does seem to be a difference in how effectively the xanthophylls and carotenes 

are released. Xanthophylls seem to be more readily freed from the food matrix and more effectively 

micellized than carotenes, but carotenes are more effi ciently absorbed by enterocytes [184, 185].

Effi cient micellization and absorption of carotenoids are also dependent on dietary fat intake 

because they are fat-soluble nutrients. While bile salts are important for forming micelles, fat from 

a meal helps the carotenoids to become soluble and allows for micelle formation and absorption 

[184, 186]. Consequently, carotenoid-rich fruits and vegetables should be eaten with a small amount 

of dietary fat to aid intestinal absorption. An excellent way to enhance carotenoid absorption from 

a salad or salsa is to add avocado or avocado oil [187]. Another important issue with regard to food 

preparation is cooking; while gentle cooking fractures cell walls and makes carotenoids more bio-

available, overcooking at high heats can destroy carotenoids [188, 189].

COOKING OIL SELECTION

In order to achieve optimal DHA from the diet, patients should evaluate their selection of cooking 

oils. They should avoid vegetable oils, like corn, saffl ower, sunfl ower, cottonseed, and soybean oil, 

which have very high relative ratios of omega-6 to omega-3 PUFAs [190, 191]. Additionally, these 

oils are often hydrogenated, which generates trans fats. Margarine should also be avoided, as should 

cooking with high heat and deep-frying, which damage oils. Instead patients should choose olive 

oil and canola oil, which contain a higher proportion of omega-3 fats. Nut oils such as hazelnut, 

almond, avocado, macadamia, coconut, pistachio, and red palm oils contain omega-9 and some 

short-chain saturated fats, which behave more favorably in the body than saturated animal fats. 

Regardless of which cooking oils are selected, the less processed the better. Extra virgin olive oil 

contains more antioxidants, which are the ingredients that confer the slightly green color to this 

oil. Some healthful oils, including walnut, fl ax, and pumpkinseed oil, are highly unsaturated and 

therefore very sensitive to heat when unprocessed. They should not be used for cooking, but can be 

stored in the refrigerator and added to cereal, salad, vegetables, and sauces. 

VITAMIN D IN OLDER ADULTS

Older adults have a much higher risk for developing vitamin D defi ciency. Elderly individuals typi-

cally have insuffi cient dietary vitamin D intake, inadequate sun exposure, and impaired renal con-

version of provitamin D to calcitriol (Vitamin D3) [192, 193]. Additionally, sun exposure is not 

a reasonable way for older individuals to achieve appropriate vitamin D levels due to seasonal 

variation in the ultraviolet light levels that produce provitamin D and the risk for further macular 

damage from high-energy light exposure. Furthermore, ultraviolet damage to the skin from sunlight 

exposure is associated with an increased risk for skin cancer. Sun protection measures should be 
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encouraged, and patients should be counseled to effectively achieve appropriate levels of vitamin D 

through diet and nutritional supplements [194]. 

Older individuals require more vitamin D than younger patients because of the aforementioned issues 

associated with achieving suitable vitamin D levels. The USDA recommends that men and women over 

50 years of age get 10 μg (400 IU) of vitamin D each day, and that people over 70 get 15 μg (600 IU) 

daily. These recommendations are not recommended dietary allowances (RDAs), but suggestions of 

adequate intakes (AIs). The USDA lists the tolerable upper intake level for vitamin D as 50 μg (2000 

IU) per day [143]. While the USDA advocates at least 600 IU/day, many nutritional experts recommend 

800 to 1000 IU of calcitriol (vitamin D3), the preferred form of vitamin D, for adults [195, 196]. 

IX.  SPECIAL CONSIDERATIONS FOR CAROTENOID 
INTAKE AND ABSORPTION

WARFARIN 

Warfarin (Coumadin) is a common oral anticoagulant that inhibits vitamin K reductase. Warfarin 

affects the synthesis of the vitamin-K-dependent clotting factors by preventing the recycling of 

vitamin K. Many physicians and dieticians counsel patients on warfarin to completely avoid leafy 

vegetables, salads, or green vegetables due to their high vitamin K content, which can thus impair 

anticoagulation with warfarin. While this advice may reduce some forms of dietary vitamin K, 

it also prevents the dietary intake of carotenoids. Counseling and education should accompany 

any new prescription for warfarin. By explaining that changing dietary factors can affect warfa-

rin’s anticoagulant strength, a patient can be encouraged to maintain a diet that includes consistent 

amounts of carotenoid-rich vegetables. Warfarin dosage titration can be performed with the patient 

eating a steady and dependable amount of vegetables [197].

OBESITY

Obesity is a risk factor for the development of AMD, in part because adipose tissue sequesters 

fat-soluble vitamins such as vitamin D and carotenoids. Studies have shown lower plasma values 

of carotenoids in obese individuals [198, 199]. Basically, obesity is related to a relative carotenoid 

defi ciency that may put patients at further risk for AMD [102]. It has also been established that 

MPOD levels are lower for obese individuals [97]. Consequently, obese patients will require a diet 

with higher levels of carotenoids and more fruits and vegetables.

GASTRIC BYPASS

It is well known that nutritional defi ciencies are common in bariatric surgery patients. These 

nutritional defi ciencies are related to both poor dietary intake and malabsorption [200, 201]. Fat-

soluble nutrient defi ciency is more likely for procedures that include biliopancreatic diversion due 

to impaired micelle formation and lipase activity [202]. A 1982 study found that carotenoid levels 

dropped rapidly and remained low in patients after jejunoileal bypass surgery [203]. To date, caro-

tenoid level changes have not been studied for the now, more common Roux-en-Y gastric bypass. 

However, it is felt that overall malabsorption is less common for Roux-en-Y gastric bypass than 

previous procedures that diverted crucial absorptive gastrointestinal mucosa and the biliary and 

pancreatic digestive apparatus [204]. 

It is essential to understand the bypass procedure that a patient has undergone. Communication 

with the patient’s surgeon may also be central to providing appropriate care. Furthermore, it is 

important to counsel gastric bypass patients to include vegetables in their diet. In addition to dietary 

counseling, it would be prudent to monitor carotenoid levels in bariatric surgery patients after gas-

tric bypass to ensure patients are attaining healthy levels. 
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MALABSORPTION SYNDROMES

Malabsorption due to decreased gastrointestinal absorptive surface area can be caused by previous 

bowel resection, intestinal bypass, celiac sprue, Crohn’s disease, AIDS enteropathy, chemother-

apy, abdominal radiation therapy, amyloidosis, and intestinal lymphoma. Malabsorption can also 

be caused by poor micelle formation and fat solubilization, which occurs with parenchymal liver 

disease, cirrhosis, or biliary obstruction. Furthermore, pancreatic insuffi ciency from chronic pan-

creatitis, pancreatic resection, and cystic fi brosis can lead to malabsorption of fat-soluble nutrients 

due to impaired lipase activity [205, 206]. Defi ciency of fat-soluble vitamins and nutrients must be 

considered in patients with malabsorption syndromes, and serum carotenoid testing is warranted to 

monitor nutritional status. 

ORLISTAT

Orlistat, currently marketed under the brand names Xenical and Alli, is a reversible inhibitor of 

the lipase enzyme in the gut. By preventing lipase activity, dietary triglycerides cannot be hydro-

lyzed to absorbable monoglycerides and fatty acids. Undigested triglycerides pass unabsorbed into 

the stool. At the prescription dose of 120 mg, three times a day with meals, orlistat blocks the 

absorption of approximately 30% of dietary fat [207]. Fat-soluble vitamins and nutrients will also 

have a decreased absorption as they will pass with the undigested dietary fat [208]. Since an over-

the-counter formulation of orlistat is now widely available, it is important to ask patients if they are 

using orlistat (Alli) and might be at risk for fat-soluble nutrient defi ciency. Roche, the pharmaceuti-

cal company that produces orlistat, recommends that patients take a daily multivitamin  supplement 

with the important fat-soluble vitamins at least two hours before taking orlistat. Furthermore, 

patients with malabsorption syndromes should not take orlistat because the drug will further aggra-

vate gastrointestinal symptoms and nutrient defi ciencies. 

OLESTRA

Olestra (Olean) is a fat replacement created by Procter & Gamble. Olestra is a molecule created by 

linking fatty acids to a central sucrose molecule. This molecule is not digested and not absorbed. 

Olestra passes through the gastrointestinal tract unchanged into the stool. Since the molecule has 

multiple fatty acid groups, olestra can dissolve fat-soluble vitamins and carotenoids and prevent 

their absorption. In human studies of olestra, subjects who were fed up to 10 times the average serv-

ing amount on a daily basis had reduced absorption of carotenoids and vitamins A, D, E, and K. 

However, in typical amounts, the reduced absorption of fat-soluble nutrients is felt to be less than 

10% [209]. While probably safe for healthy individuals, patients with malabsorption syndromes 

should avoid olestra to prevent exacerbating nutritional defi ciencies. 

X. SPECIAL CONSIDERATIONS FOR OMEGA-3 FATTY ACIDS

VEGETARIANS

Vegans and ovo-lacto vegetarians who do not eat fi sh are at risk for being defi cient in DHA [210–

212]. The major dietary omega-3 PUFA in strict vegetarians is the essential fatty acid alpha-linolenic 

acid (ALA) available from plant sources like fl ax and walnuts. ALA, a short-chain PUFA, must be 

lengthened. Studies have shown that healthy men can only convert 8% of dietary ALA to EPA and 

0% to 4% to DHA. Due to the effects of estrogen, young women can convert about 21% of dietary 

ALA to EPA and 9% to DHA under optimal circumstances [213, 214]. Because vegetarians have a 

relatively high intake of LA, their high ratio of omega-6 to omega-3 PUFAs can reduce elongation of 

ALA to DHA by 40% to 50% [212, 215]. In summary, relying on the body to convert plant-derived 

ALA to DHA is not suffi cient for optimum health [212, 215].
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Vegetarians should be encouraged to eat fi sh, take fi sh oil supplements, or take marine algae oil 

supplements to achieve appropriate levels of DHA. For strict vegetarians, the best way to get DHA 

is to go to the source, or at least close to it. The source of most DHA and EPA on the planet is from 

marine algae. Ocean microalgae make DHA and EPA naturally. Since the aquatic food chain starts 

with these ocean algae, fi sh get their DHA and EPA from eating the algae or other organisms that 

have eaten the algae [216]. 

Eggs yolks are another potential source of DHA. Interestingly, eggs that are high in DHA and 

EPA come from chickens that have been fed marine algae, fi sh meal, or fi sh oil. Please note that 

some eggs come from chickens fed fl ax meal. These eggs will have omega-3 as ALA, but much 

less DHA and EPA. Educate patients to read the egg cartons and choose the eggs with the highest 

amount of DHA and EPA. 

XI. SUNGLASSES FOR AMD

The perfect sunglasses not only block 100% of the UVA and UVB wavelengths, but also limit 

high-energy blue light. Sunglasses that block blue light tend to have an amber tint and can cause 

some minor color distortion. The amount of color distortion in amber lenses varies among different 

brands. The Neox lens that can be found in Callaway Golf Eyewear is a lens that blocks 100% of 

blue light up to 430 nm but allows the remainder of the visual spectrum to pass through, causing 

less color distortion. Most reputable optical shops have a machine that can test the ability of a pair 

of sunglasses to block the appropriate wavelengths. 

XII. SUMMARY

The nutritional approach to lowering the risk factors for the development of AMD and slowing the 

progression of the disease includes the following:

Minimize cardiovascular risk factors, including smoking, hypertension, and • 

hyperlipidemia.

Support and promote daily exercise.• 

Encourage patients to protect their eyes from high-energy light through the use of hats and • 

sunglasses. Appropriate sunglasses should block UV wavelengths and limit high-energy 

blue light.

Counsel patients to eat more fi sh (at least two servings a week) and take 1 to 2 g of a fi sh • 

oil supplement or marine algae supplement with DHA and EPA.

Instruct high-risk patients to take an antioxidant supplement that includes vitamin C, mixed • 

tocopherols (vitamin E), alpha-lipoic acid, zinc, copper, lutein, and zeaxanthin. Omega-3 

PUFAs are also an important supplement for high-risk patients.

Educate patients to eat whole foods that are high in lutein and zeaxanthin like spinach, • 

kale, greens, and broccoli.

Teach patients that whole fruits and vegetables have a mix of vitamins, minerals, and plant • 

antioxidants that will promote eye health. Encourage patients to consume berries, citrus 

fruits, apples, nuts, legumes, and green tea.

Recommend patients take 800 IU of vitamin D as calcitriol (vitamin D3) daily, since they • 

are to avoid sunlight for AMD prevention. Another acceptable approach is to dose supple-

mental vitamin D to normalize blood levels.

Educate patients to limit processed carbohydrates.• 

Discourage high-fat diets and suggest patients limit their intake of fried foods and • 

 vegetable oils. Recommend patients choose lean red meats, poultry, and fi sh when eating 

meat. Encourage patients to cook with monounsaturated oils like olive oil and canola oil.

TAF-67621-08-0801-C001.indd   18TAF-67621-08-0801-C001.indd   18 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



Age-Related Macular Degeneration 19

REFERENCES

 1. Bressler, N.M., Age-related macular degeneration is the leading cause of blindness. JAMA, 2004. 

291(15): p. 1900–1.

 2. Klein, R., B.E. Klein, and K.L. Linton, Prevalence of age-related maculopathy. The Beaver Dam Eye 
Study. Ophthalmology, 1992. 99(6): p. 933–43.

 3. Population by Age, Sex, Race, and Hispanic Origin: 2006, in Current Population Survey, Annual Social 
and Economic Supplement, U.S.C. Bureau, Editor. 2007.

 4. David S. Friedman, M.D., M.P.H., Vision Problems in the U.S. 2002, Prevent Blindness America. 

p. 18–21.

 5. Friedman, D.S., et al., Prevalence of age-related macular degeneration in the United States. Arch 

Ophthalmol, 2004. 122(4): p. 564–72.

 6. Chopdar, A., U. Chakravarthy, and D. Verma, Age related macular degeneration. BMJ, 2003. 326(7387): 

p. 485–8.

 7. Pratt, S., Dietary prevention of age-related macular degeneration. J Am Optom Assoc, 1999. 70(1): 

p. 39–47.

 8. Zarbin, M.A., Age-related macular degeneration: Review of pathogenesis. Eur J Ophthalmol, 1998. 8(4): 

p. 199–206.

 9. Pauleikhoff, D., Neovascular age-related macular degeneration: Natural history and treatment out-
comes. Retina, 2005. 25(8): p. 1065–84.

 10. Spaide, R.F., D. Armstrong, and R. Browne, Continuing medical education review: Choroidal neovascu-
larization in age-related macular degeneration—what is the cause? Retina, 2003. 23(5): p. 595–614.

 11. Anastasopoulos, E., F. Yu, and A.L. Coleman, Age-related macular degeneration is associated with an 
increased risk of hip fractures in the Medicare database. Am J Ophthalmol, 2006. 142(6): p. 1081–3.

 12. Knudtson, M.D., et al., Age-related eye disease, quality of life, and functional activity. Arch Ophthalmol, 

2005. 123(6): p. 807–14.

 13. Buch, H., et al., Age-related maculopathy: A risk indicator for poorer survival in women: The Copenhagen 
City Eye Study. Ophthalmology, 2005. 112(2): p. 305–12.

 14. Clemons, T.E., N. Kurinij, and R.D. Sperduto, Associations of mortality with ocular disorders and an 
intervention of high-dose antioxidants and zinc in the Age-Related Eye Disease Study: AREDS Report 
No. 13. Arch Ophthalmol, 2004. 122(5): p. 716–26.

 15. Duan, Y., et al., Age-related macular degeneration is associated with incident myocardial infarction 
among elderly Americans. Ophthalmology, 2007. 114(4): p. 732–7.

 16. Wong, T.Y., et al., Age-related macular degeneration and risk for stroke. Ann Intern Med, 2006. 145(2): 

p. 98–106.

 17. Amsler Grid Testing. What is AMD?:www.amd.org/site/PageServer?pagename = Amsler-Grid.

 18. Chakravarthy, U., et al., Evolving European guidance on the medical management of neovascular age 
related macular degeneration. Br J Ophthalmol, 2006. 90(9): p. 1188–96.

 19. Moisseiev, J., et al., The impact of the macular photocoagulation study results on the treatment of exuda-
tive age-related macular degeneration. Arch Ophthalmol, 1995. 113(2): p. 185–9.

 20. Hart, P.M., et al., Visual outcomes in the subfoveal radiotherapy study: A randomized controlled trial of 
teletherapy for age-related macular degeneration. Arch Ophthalmol, 2002. 120(8): p. 1029–38.

 21. Epstein, P., Trials that matter: Two faces of progress in the treatment of age-related macular degenera-
tion. Ann Intern Med, 2007. 146(7): p. 532–4.

 22. Rasmussen, H., et al., Clinical protocol. An open-label, phase I, single administration, dose-escalation 
study of ADGVPEDF.11D (ADPEDF) in neovascular age-related macular degeneration (AMD). Hum 

Gene Ther, 2001. 12(16): p. 2029–32.

 23. Lim, J.I., Macular degeneration: The latest in current medical management. Retina, 2006. 26(6 Suppl): 

p. S17–20.

 24. Tomany, S.C., et al., Risk factors for incident age-related macular degeneration: Pooled fi ndings from 
3 continents. Ophthalmology, 2004. 111(7): p. 1280–7.

 25. Kahn, H.A., et al., The Framingham Eye Study. I. Outline and major prevalence fi ndings. Am J Epidemiol, 

1977. 106(1): p. 17–32.

 26. Bressler, S.B., et al., Racial differences in the prevalence of age-related macular degeneration: The 
Salisbury Eye Evaluation (SEE) Project. Arch Ophthalmol, 2008. 126(2): p. 241–5.

 27. van Leeuwen, R., et al., The risk and natural course of age-related maculopathy: Follow-up at 6 1/2 years 
in the Rotterdam study. Arch Ophthalmol, 2003. 121(4): p. 519–26.

TAF-67621-08-0801-C001.indd   19TAF-67621-08-0801-C001.indd   19 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



20 Food and Nutrients in Disease Management

 28. Mukesh, B.N., et al., Five-year incidence of age-related maculopathy: The Visual Impairment Project. 
Ophthalmology, 2004. 111(6): p. 1176–82.

 29. Klaver, C.C., et al., Genetic risk of age-related maculopathy. Population-based familial aggregation 
study. Arch Ophthalmol, 1998. 116(12): p. 1646–51.

 30. Smith, W., and P. Mitchell, Family history and age-related maculopathy: The Blue Mountains Eye Study. 
Aust N Z J Ophthalmol, 1998. 26(3): p. 203–6.

 31. Klein, M.L., W.M. Mauldin, and V.D. Stoumbos, Heredity and age-related macular degeneration. 
Observations in monozygotic twins. Arch Ophthalmol, 1994. 112(7): p. 932–7.

 32. Heiba, I.M., et al., Sibling correlations and segregation analysis of age-related maculopathy: The Beaver 
Dam Eye Study. Genet Epidemiol, 1994. 11(1): p. 51–67.

 33. Meyers, S.M., T. Greene, and F.A. Gutman, A twin study of age-related macular degeneration. Am J 

Ophthalmol, 1995. 120(6): p. 757–66.

 34. Allikmets, R., et al., Mutation of the Stargardt disease gene (ABCR) in age-related macular degenera-
tion. Science, 1997. 277(5333): p. 1805–7.

 35. Despriet, D.D., et al., Complement factor H polymorphism, complement activators, and risk of age-
related macular degeneration. JAMA, 2006. 296(3): p. 301–9.

 36. Yates, J.R., and A.T. Moore, Genetic susceptibility to age-related macular degeneration. J Med Genet, 

2000. 37(2): p. 83–7.

 37. Baird, P.N., et al., Gene-environment interaction in progression of AMD—the CFH gene, smoking and 
exposure to chronic infection. Hum Mol Genet, 2008.

 38. Moshfeghi, D.M., and M.S. Blumenkranz, Role of genetic factors and infl ammation in age-related macu-
lar degeneration. Retina, 2007. 27(3): p. 269–75.

 39. Seddon, J.M., S. George, and B. Rosner, Cigarette smoking, fi sh consumption, omega-3 fatty acid intake, 
and associations with age-related macular degeneration: The US Twin Study of Age-Related Macular 
Degeneration. Arch Ophthalmol, 2006. 124(7): p. 995–1001.

 40. Dandekar, S.S., et al., Does smoking infl uence the type of age related macular degeneration causing 
visual impairment? Br J Ophthalmol, 2006. 90(6): p. 724–7.

 41. Thornton, J., et al., Smoking and age-related macular degeneration: A review of association. Eye, 2005. 

19(9): p. 935–44.

 42. Moeini, H.A., H. Masoudpour, and H. Ghanbari, A study of the relation between body mass index and the 
incidence of age related macular degeneration. Br J Ophthalmol, 2005. 89(8): p. 964–6.

 43. Seddon, J.M., et al., Progression of age-related macular degeneration: Association with body mass index, 
waist circumference, and waist-hip ratio. Arch Ophthalmol, 2003. 121(6): p. 785–92.

 44. Schaumberg, D.A., et al., Body mass index and the incidence of visually signifi cant age-related macul-
opathy in men. Arch Ophthalmol, 2001. 119(9): p. 1259–65.

 45. Knudtson, M.D., R. Klein, and B.E. Klein, Physical activity and the 15-year cumulative incidence of age-
related macular degeneration: The Beaver Dam Eye Study. Br J Ophthalmol, 2006. 90(12): p. 1461–3.

 46. Seddon, J.M., et al., Progression of age-related macular degeneration: Prospective assessment of 
C-reactive protein, interleukin 6, and other cardiovascular biomarkers. Arch Ophthalmol, 2005. 123(6): 

p. 774–82.

 47. Zlateva, G.P., et al., Comparison of comorbid conditions between neovascular age-related macular 
degeneration patients and a control cohort in the medicare population. Retina, 2007. 27(9): p. 1292–9.

 48. Hogg, R.E., et al., Cardiovascular disease and hypertension are strong risk factors for choroidal neovas-
cularization. Ophthalmology, 2007.

 49. Seddon, J.M., et al., Association between C-reactive protein and age-related macular degeneration. 
JAMA, 2004. 291(6): p. 704–10.

 50. Boekhoorn, S.S., et al., C-reactive protein level and risk of aging macula disorder: The Rotterdam Study. 
Arch Ophthalmol, 2007. 125(10): p. 1396–401.

 51. Vine, A.K., et al., Biomarkers of cardiovascular disease as risk factors for age-related macular degen-
eration. Ophthalmology, 2005. 112(12): p. 2076–80.

 52. Tan, J.S., et al., Cardiovascular risk factors and the long-term incidence of age-related macular degen-
eration: The Blue Mountains Eye Study. Ophthalmology, 2007. 114(6): p. 1143–50.

 53. Klein, R., et al., Cardiovascular disease, its risk factors and treatment, and age-related macular 
degeneration: Women’s Health Initiative Sight Exam ancillary study. Am J Ophthalmol, 2007. 143(3): 

p. 473–83.

 54. Kikuchi, M., et al., Elevated C-reactive protein levels in patients with polypoidal choroidal vasculop-
athy and patients with neovascular age-related macular degeneration. Ophthalmology, 2007. 114(9): 

p. 1722–7.

TAF-67621-08-0801-C001.indd   20TAF-67621-08-0801-C001.indd   20 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



Age-Related Macular Degeneration 21

 55. Totan, Y., et al., Plasma malondialdehyde and nitric oxide levels in age related macular degeneration. Br 

J Ophthalmol, 2001. 85(12): p. 1426–8.

 56. Schaumberg, D.A., et al., High-sensitivity C-reactive protein, other markers of infl ammation, and the 
incidence of macular degeneration in women. Arch Ophthalmol, 2007. 125(3): p. 300–5.

 57. Braunstein, R.E., and J.R. Sparrow, A blue-blocking intraocular lens should be used in cataract surgery. 
Arch Ophthalmol, 2005. 123(4): p. 547–9.

 58. Glazer-Hockstein, C., and J.L. Dunaief, Could blue light-blocking lenses decrease the risk of age-related 
macular degeneration? Retina, 2006. 26(1): p. 1–4.

 59. Hawse, P., Blocking the blue. Br J Ophthalmol, 2006. 90(8): p. 939–40.

 60. Sparrow, J.R., K. Nakanishi, and C.A. Parish, The lipofuscin fl uorophore A2E mediates blue light-in-
duced damage to retinal pigmented epithelial cells. Invest Ophthalmol Vis Sci, 2000. 41(7): p. 1981–9.

 61. van Norren, D., and P. Schellekens, Blue light hazard in rat. Vision Res, 1990. 30(10): p. 1517–20.

 62. Wu, J., et al., Blue light induced apoptosis in rat retina. Eye, 1999. 13(Pt 4): p. 577–83.

 63. Borges, J., Z.Y. Li, and M.O. Tso, Effects of repeated photic exposures on the monkey macula. Arch 

Ophthalmol, 1990. 108(5): p. 727–33.

 64. Ham, W.T., Jr., H.A. Mueller, and D.H. Sliney, Retinal sensitivity to damage from short wavelength light. 
Nature, 1976. 260(5547): p. 153–5.

 65. Delcourt, C., et al., Light exposure and the risk of age-related macular degeneration: The Pathologies 
Oculaires Liees a l’Age (POLA) study. Arch Ophthalmol, 2001. 119(10): p. 1463–8.

 66. Tomany, S.C., et al., Sunlight and the 10-year incidence of age-related maculopathy: The Beaver Dam 
Eye Study. Arch Ophthalmol, 2004. 122(5): p. 750–7.

 67. Taylor, H.R., et al., The long-term effects of visible light on the eye. Arch Ophthalmol, 1992. 110(1): 

p. 99–104.

 68. Snodderly, D.M., J.D. Auran, and F.C. Delori, The macular pigment. II. Spatial distribution in primate 
retinas. Invest Ophthalmol Vis Sci, 1984. 25(6): p. 674–85.

 69. Bone, R.A., J.T. Landrum, and S.L. Tarsis, Preliminary identifi cation of the human macular pigment. 
Vision Res, 1985. 25(11): p. 1531–5.

 70. Handelman, G.J., et al., Carotenoids in the human macula and whole retina. Invest Ophthalmol Vis Sci, 

1988. 29(6): p. 850–5.

 71. Khachik, F., et al., Separation and quantitation of carotenoids in foods. Methods Enzymol, 1992. 213: 

p. 347–59.

 72. Khachik, F., et al., Separation and quantifi cation of carotenoids in human plasma. Methods Enzymol, 

1992. 213: p. 205–19.

 73. Khachik, F., et al., Separation and identifi cation of carotenoids and their oxidation products in the 
extracts of human plasma. Anal Chem, 1992. 64(18): p. 2111–22.

 74. Khachik, F., et al., Identifi cation, quantifi cation, and relative concentrations of carotenoids and their 
metabolites in human milk and serum. Anal Chem, 1997. 69(10): p. 1873–81.

 75. Sommerburg, O., et al., Fruits and vegetables that are sources for lutein and zeaxanthin: The macular 
pigment in human eyes. Br J Ophthalmol, 1998. 82(8): p. 907–10.

 76. Snodderly, D.M., G.J. Handelman, and A.J. Adler, Distribution of individual macular pigment caro-
tenoids in central retina of macaque and squirrel monkeys. Invest Ophthalmol Vis Sci, 1991. 32(2): 

p. 268–79.

 77. Hammond, B.R., Jr., B.R. Wooten, and D.M. Snodderly, Individual variations in the spatial profi le of 
human macular pigment. J Opt Soc Am A Opt Image Sci Vis, 1997. 14(6): p. 1187–96.

 78. Bone, R.A., et al., Analysis of the macular pigment by HPLC: Retinal distribution and age study. Invest 

Ophthalmol Vis Sci, 1988. 29(6): p. 843–9.

 79. Nussbaum, J.J., R.C. Pruett, and F.C. Delori, Historic perspectives. Macular yellow pigment. The fi rst 
200 years. Retina, 1981. 1(4): p. 296–310.

 80. Reading, V.M., and R.A. Weale, Macular pigment and chromatic aberration. J Opt Soc Am, 1974. 64(2): 

p. 231–4.

 81. Kirschfeld, K., Carotenoid pigments: Their possible role in protecting against photooxidation in eyes and 
photoreceptor cells. Proc R Soc Lond B Biol Sci, 1982. 216(1202): p. 71–85.

 82. Snodderly, D.M., Evidence for protection against age-related macular degeneration by carotenoids and 
antioxidant vitamins. Am J Clin Nutr, 1995. 62(6 Suppl): p. 1448S–61S.

 83. Foote, C.S., Y.C. Chang, and R.W. Denny, Chemistry of singlet oxygen. X. Carotenoid quenching paral-
lels biological protection. J Am Chem Soc, 1970. 92(17): p. 5216–8.

 84. Landrum, J.T., R.A. Bone, and M.D. Kilburn, The macular pigment: A possible role in protection from 
age-related macular degeneration. Adv Pharmacol, 1997. 38: p. 537–56.

TAF-67621-08-0801-C001.indd   21TAF-67621-08-0801-C001.indd   21 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



22 Food and Nutrients in Disease Management

 85. Beatty, S., et al., Macular pigment and age related macular degeneration. Br J Ophthalmol, 1999. 83(7): 

p. 867–77.

 86. Stringham, J.M., and B.R. Hammond, Jr., Dietary lutein and zeaxanthin: Possible effects on visual func-
tion. Nutr Rev, 2005. 63(2): p. 59–64.

 87. Obana, A., et al., Macular carotenoid levels of normal subjects and age-related maculopathy patients in 
a Japanese population. Ophthalmology, 2008. 115(1): p. 147–57.

 88. Beatty, S., et al., Macular pigment and risk for age-related macular degeneration in subjects from a 
Northern European population. Invest Ophthalmol Vis Sci, 2001. 42(2): p. 439–46.

 89. Haegerstrom-Portnoy, G., Short-wavelength-sensitive-cone sensitivity loss with aging: A protective role 
for macular pigment? J Opt Soc Am A, 1988. 5(12): p. 2140–4.

 90. Hammond, B.R., Jr., B.R. Wooten, and D.M. Snodderly, Preservation of visual sensitivity of older sub-
jects: Association with macular pigment density. Invest Ophthalmol Vis Sci, 1998. 39(2): p. 397–406.

 91. SanGiovanni, J.P., et al., The relationship of dietary carotenoid and vitamin A, E, and C intake with age-
related macular degeneration in a case-control study: AREDS Report No. 22. Arch Ophthalmol, 2007. 

125(9): p. 1225–32.

 92. Moeller, S.M., et al., Associations between intermediate age-related macular degeneration and lutein 
and zeaxanthin in the Carotenoids in Age-related Eye Disease Study (CAREDS): Ancillary study of the 
Women’s Health Initiative. Arch Ophthalmol, 2006. 124(8): p. 1151–62.

 93. Antioxidant status and neovascular age-related macular degeneration. Eye Disease Case-Control Study 
Group. Arch Ophthalmol, 1993. 111(1): p. 104–9.

 94. Seddon, J.M., et al., Dietary carotenoids, vitamins A, C, and E, and advanced age-related macular 
degeneration. Eye Disease Case-Control Study Group. JAMA, 1994. 272(18): p. 1413–20.

 95. Goldberg, J., et al., Factors associated with age-related macular degeneration. An analysis of data 
from the fi rst National Health and Nutrition Examination Survey. Am J Epidemiol, 1988. 128(4): 

p. 700–10.

 96. Ciulla, T.A., et al., Macular pigment optical density in a midwestern sample. Ophthalmology, 2001. 

108(4): p. 730–7.

 97. Hammond, B.R., Jr., T.A. Ciulla, and D.M. Snodderly, Macular pigment density is reduced in obese 
subjects. Invest Ophthalmol Vis Sci, 2002. 43(1): p. 47–50.

 98. Bone, R.A., et al., Lutein and zeaxanthin in the eyes, serum and diet of human subjects. Exp Eye Res, 

2000. 71(3): p. 239–45.

 99. Hammond, B.R., Jr., et al., Sex differences in macular pigment optical density: Relation to plasma caro-
tenoid concentrations and dietary patterns. Vision Res, 1996. 36(13): p. 2001–12.

 100. Carroll, Y.L., B.M. Corridan, and P.A. Morrissey, Carotenoids in young and elderly healthy humans: 
Dietary intakes, biochemical status and diet-plasma relationships. Eur J Clin Nutr, 1999. 53(8): 

p. 644–53.

 101. Rock, C.L., et al., Diet and lifestyle correlates of lutein in the blood and diet. J Nutr, 2002. 132(3): 

p. 525S–30S.

 102. Mares, J.A., et al., Predictors of optical density of lutein and zeaxanthin in retinas of older women in the 
Carotenoids in Age-Related Eye Disease Study, an ancillary study of the Women’s Health Initiative. Am 

J Clin Nutr, 2006. 84(5): p. 1107–22.

 103. Bone, R.A., et al., Lutein and zeaxanthin dietary supplements raise macular pigment density and serum 
concentrations of these carotenoids in humans. J Nutr, 2003. 133(4): p. 992–8.

 104. SanGiovanni, J.P., et al., The relationship of dietary lipid intake and age-related macular degeneration in 
a case-control study: AREDS Report No. 20. Arch Ophthalmol, 2007. 125(5): p. 671–9.

 105. Hodge, W.G., et al., Evidence for the effect of omega-3 fatty acids on progression of age-related macular 
degeneration: A systematic review. Retina, 2007. 27(2): p. 216–21.

 106. Vu, H.T., et al., Does dietary lutein and zeaxanthin increase the risk of age related macular degenera-
tion? The Melbourne Visual Impairment Project. Br J Ophthalmol, 2006. 90(3): p. 389–90.

 107. Salem, N., Jr., et al., Mechanisms of action of docosahexaenoic acid in the nervous system. Lipids, 2001. 

36(9): p. 945–59.

 108. Neuringer, M., et al., Dietary omega-3 fatty acid defi ciency and visual loss in infant rhesus monkeys. J 

Clin Invest, 1984. 73(1): p. 272–6.

 109. Neuringer, M., et al., Biochemical and functional effects of prenatal and postnatal omega 3 fatty acid 
defi ciency on retina and brain in rhesus monkeys. Proc Natl Acad Sci USA, 1986. 83(11): p. 4021–5.

 110. Jump, D.B., The biochemistry of n-3 polyunsaturated fatty acids. J Biol Chem, 2002. 277(11): 

p. 8755–8.

TAF-67621-08-0801-C001.indd   22TAF-67621-08-0801-C001.indd   22 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



Age-Related Macular Degeneration 23

 111. Simopoulos, A.P., Omega-3 fatty acids in infl ammation and autoimmune diseases. J Am Coll Nutr, 2002. 

21(6): p. 495–505.

 112. Simopoulos, A.P., The importance of the ratio of omega-6/omega-3 essential fatty acids. Biomed 

Pharmacother, 2002. 56(8): p. 365–79.

 113. Kris-Etherton, P.M., et al., Polyunsaturated fatty acids in the food chain in the United States. Am J Clin 

Nutr, 2000. 71(1 Suppl): p. 179S–88S.

 114. Cordain, L., et al., The paradoxical nature of hunter-gatherer diets: Meat-based, yet non-atherogenic. 
Eur J Clin Nutr, 2002. 56(1 Suppl): p. S42–52.

 115. Parekh, N., et al., Association between vitamin D and age-related macular degeneration in the Third 
National Health and Nutrition Examination Survey, 1988 through 1994. Arch Ophthalmol, 2007. 125(5): 

p. 661–9.

 116. Crossland, M., and G. Rubin, The Amsler chart: Absence of evidence is not evidence of absence. Br J 

Ophthalmol, 2007. 91(3): p. 391–3.

 117. Goldstein, M., et al., Results of a multicenter clinical trial to evaluate the preferential hyperacuity perim-
eter for detection of age-related macular degeneration. Retina, 2005. 25(3): p. 296–303.

 118. Trustees, B.O., Policy statement: Frequency of ocular examinations. 2006, American Academy of 

Ophthalmology.

 119. Olmedilla-Alonso, B., F. Granado-Lorencio, and I. Blanco-Navarro, Carotenoids, retinol and tocopher-
ols in blood: Comparability between serum and plasma (Li-heparin) values. Clin Biochem, 2005. 38(5): 

p. 444–9.

 120. Su, Q., et al., Improved quantifi cation of retinol, tocopherol and carotenoid in human plasma by HPLC 
using retinol acetate as internal standard. Asia Pac J Clin Nutr, 2003. 12(Suppl): p. S63.

 121. Lee, B.L., A.L. New, and C.N. Ong, Simultaneous determination of tocotrienols, tocopherols, retinol, 
and major carotenoids in human plasma. Clin Chem, 2003. 49(12): p. 2056–66.

 122. Carotene, Beta, in CPT 82380, Lab Corporation of America: www.labcorp.com/datasets/labcorp/html/

chapter/mono/sc004400.htm.

 123. Carotenes, fractionated, plasma or serum, in CPT 82380: www.questdiagnostics.com.

 124. ARUP’s Laboratory Test Directory (800) 522-2787, in 0021021: Carotenes, Fractionated, Plasma or 
Serum: www.aruplab.com/guides/ug/tests/0021021.jsp.

 125. Berendschot, T.T., and D. van Norren, Objective determination of the macular pigment optical density 
using fundus refl ectance spectroscopy. Arch Biochem Biophys, 2004. 430(2): p. 149–55.

 126. Iannaccone, A., et al., Macular pigment optical density in the elderly: Findings in a large biracial 
Midsouth population sample. Invest Ophthalmol Vis Sci, 2007. 48(4): p. 1458–65.

 127. Gallaher, K.T., et al., Estimation of macular pigment optical density in the elderly: Test-retest variability 
and effect of optical blur in pseudophakic subjects. Vision Res, 2007. 47(9): p. 1253–9.

 128. Snellen, E.L., et al., Neovascular age-related macular degeneration and its relationship to antioxidant 
intake. Acta Ophthalmol Scand, 2002. 80(4): p. 368–71.

 129. Tanumihardjo, S.A., J. Li, and M.P. Dosti, Lutein absorption is facilitated with cosupplementation of 
ascorbic acid in young adults. J Am Diet Assoc, 2005. 105(1): p. 114–8.

 130. National Institutes of Health state-of-the-science conference statement: Multivitamin/mineral supple-
ments and chronic disease prevention. Ann Intern Med, 2006. 145(5): p. 364–71.

 131. Seddon, J.M., Multivitamin-multimineral supplements and eye disease: Age-related macular degenera-
tion and cataract. Am J Clin Nutr, 2007. 85(1): p. 304S–7S.

 132. Albanes, D., et al., Alpha-tocopherol and beta-carotene supplements and lung cancer incidence in the 
alpha-tocopherol, beta-carotene cancer prevention study: Effects of base-line characteristics and study 
compliance. J Natl Cancer Inst, 1996. 88(21): p. 1560–70.

 133. Goodman, G.E., et al., The Beta-Carotene and Retinol Effi cacy Trial: Incidence of lung cancer and car-
diovascular disease mortality during 6-year follow-up after stopping beta-carotene and retinol supple-
ments. J Natl Cancer Inst, 2004. 96(23): p. 1743–50.

 134. Black, H.S., Pro-carcinogenic activity of beta-carotene, a putative systemic photoprotectant. Photochem 

Photobiol Sci, 2004. 3(8): p. 753–8.

 135. Siems, W., et al., Beta-carotene breakdown products may impair mitochondrial functions—potential side 
effects of high-dose beta-carotene supplementation. J Nutr Biochem, 2005. 16(7): p. 385–97.

 136. A randomized, placebo-controlled, clinical trial of high-dose supplementation with vitamins C and E, 
beta carotene, and zinc for age-related macular degeneration and vision loss: AREDS report no. 8. Arch 

Ophthalmol, 2001. 119(10): p. 1417–36.

TAF-67621-08-0801-C001.indd   23TAF-67621-08-0801-C001.indd   23 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



24 Food and Nutrients in Disease Management

 137. Huang, H.Y., et al., The effi cacy and safety of multivitamin and mineral supplement use to prevent cancer 
and chronic disease in adults: A systematic review for a National Institutes of Health state-of-the-science 
conference. Ann Intern Med, 2006. 145(5): p. 372–85.

 138. Omenn, G.S., et al., Effects of a combination of beta carotene and vitamin A on lung cancer and cardio-
vascular disease. N Engl J Med, 1996. 334(18): p. 1150–5.

 139. Berger, A., What does zinc do? BMJ, 2002. 325(7372): p. 1062.

 140. Prasad, A.S., Zinc: The biology and therapeutics of an ion. Ann Intern Med, 1996. 125(2): p. 142–4.

 141. Rowin, J., and S.L. Lewis, Copper defi ciency myeloneuropathy and pancytopenia secondary to overuse 
of zinc supplementation. J Neurol Neurosurg Psychiatry, 2005. 76(5): p. 750–1.

 142. Dietary reference intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, man-
ganese, molybdenum, nickel, silicon, vanadium, and zinc. 2001, National Academy Press: Washington, 

DC.

 143. Dietary Reference Intakes: Recommended Intakes for Individuals:www.iom.edu/Object.File/Master/

21/372/0.pdf.

 144. Ellis, R., et al., Phytate:zinc and phytate X calcium:zinc millimolar ratios in self-selected diets of 
Americans, Asian Indians, and Nepalese. J Am Diet Assoc, 1987. 87(8): p. 1043–7.

 145. Kelsay, J.L., R.A. Jacob, and E.S. Prather, Effect of fi ber from fruits and vegetables on metabolic 
responses of human subjects. III. Zinc, copper, and phosphorus balances. Am J Clin Nutr, 1979. 32(11): 

p. 2307–11.

 146. Menzano, E., and P.L. Carlen, Zinc defi ciency and corticosteroids in the pathogenesis of alcoholic brain 
dysfunction—a review. Alcohol Clin Exp Res, 1994. 18(4): p. 895–901.

 147. Naber, T.H., et al., The value of methods to determine zinc defi ciency in patients with Crohn’s disease. 
Scand J Gastroenterol, 1998. 33(5): p. 514–23.

 148. Igic, P.G., et al., Toxic effects associated with consumption of zinc. Mayo Clin Proc, 2002. 77(7): 

p. 713–6.

 149. Collins, N., Zinc supplementation: Yea or nay? Adv Skin Wound Care, 2003. 16(5): p. 226–30.

 150. Hoffman, H.N., 2nd, R.L. Phyliky, and C.R. Fleming, Zinc-induced copper defi ciency. Gastroenterology, 

1988. 94(2): p. 508–12.

 151. Tavani, A., et al., Intake of selected micronutrients and the risk of surgically treated benign prostatic 
hyperplasia: A case-control study from Italy. Eur Urol, 2006. 50(3): p. 549–54.

 152. Cuajungco, M.P., and G.J. Lees, Zinc and Alzheimer’s disease: Is there a direct link? Brain Res Brain Res 

Rev, 1997. 23(3): p. 219–36.

 153. The effect of fi ve-year zinc supplementation on serum zinc, serum cholesterol and hematocrit in persons 
randomly assigned to treatment group in the age-related eye disease study: AREDS Report No. 7. J Nutr, 

2002. 132(4): p. 697–702.

 154. Hooper, P.L., et al., Zinc lowers high-density lipoprotein-cholesterol levels. JAMA, 1980. 244(17): 

p. 1960–1.

 155. Packer, L., K. Kraemer, and G. Rimbach, Molecular aspects of lipoic acid in the prevention of diabetes 
complications. Nutrition, 2001. 17(10): p. 888–95.

 156. Kowluru, R.A., and S. Odenbach, Effect of long-term administration of alpha-lipoic acid on reti-
nal  capillary cell death and the development of retinopathy in diabetic rats. Diabetes, 2004. 53(12): 

p. 3233–8.

 157. Biewenga, G.P., G.R. Haenen, and A. Bast, The pharmacology of the antioxidant lipoic acid. Gen 

Pharmacol, 1997. 29(3): p. 315–31.

 158. Voloboueva, L.A., et al., (R)-alpha-lipoic acid protects retinal pigment epithelial cells from oxidative 
damage. Invest Ophthalmol Vis Sci, 2005. 46(11): p. 4302–10.

 159. Tanito, M., et al., Sulforaphane induces thioredoxin through the antioxidant-responsive element and 
attenuates retinal light damage in mice. Invest Ophthalmol Vis Sci, 2005. 46(3): p. 979–87.

 160. Hanneken, A., et al., Flavonoids protect human retinal pigment epithelial cells from oxidative-stress-
induced death. Invest Ophthalmol Vis Sci, 2006. 47(7): p. 3164–77.

 161. Joussen, A.M., et al., Treatment of corneal neovascularization with dietary isofl avonoids and fl avonoids. 
Exp Eye Res, 2000. 71(5): p. 483–7.

 162. Cremer, D.R., et al., Safety evaluation of alpha-lipoic acid (ALA). Regul Toxicol Pharmacol, 2006. 46(1): 

p. 29–41.

 163. Cremer, D.R., et al., Long-term safety of alpha-lipoic acid (ALA) consumption: A 2-year study. Regul 

Toxicol Pharmacol, 2006. 46(3): p. 193–201.

TAF-67621-08-0801-C001.indd   24TAF-67621-08-0801-C001.indd   24 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



Age-Related Macular Degeneration 25

 164. Hammond, B.R., Jr., et al., Dietary modifi cation of human macular pigment density. Invest Ophthalmol 

Vis Sci, 1997. 38(9): p. 1795–801.

 165. Johnson, E.J., et al., Relation among serum and tissue concentrations of lutein and zeaxanthin and macu-
lar pigment density. Am J Clin Nutr, 2000. 71(6): p. 1555–62.

 166. Berendschot, T.T., et al., Infl uence of lutein supplementation on macular pigment, assessed with two 
objective techniques. Invest Ophthalmol Vis Sci, 2000. 41(11): p. 3322–6.

 167. Richer, S., et al., Double-masked, placebo-controlled, randomized trial of lutein and antioxidant supple-
mentation in the intervention of atrophic age-related macular degeneration: The Veterans LAST study 
(Lutein Antioxidant Supplementation Trial). Optometry, 2004. 75(4): p. 216–30.

 168. Richer, S., J. Devenport, and J.C. Lang, LAST II: Differential temporal responses of macular pigment 
optical density in patients with atrophic age-related macular degeneration to dietary supplementation 
with xanthophylls. Optometry, 2007. 78(5): p. 213–9.

 169. Schalch, W., et al., Xanthophyll accumulation in the human retina during supplementation with lutein or 
zeaxanthin—the LUXEA (LUtein Xanthophyll Eye Accumulation) study. Arch Biochem Biophys, 2007. 

458(2): p. 128–35.

 170. Cangemi, F.E., TOZAL Study: An open case control study of an oral antioxidant and omega-3 supplement 
for dry AMD. BMC Ophthalmol, 2007. 7: p. 3.

 171. Bartlett, H.E., and F. Eperjesi, Effect of lutein and antioxidant dietary supplementation on contrast sen-
sitivity in age-related macular disease: A randomized controlled trial. Eur J Clin Nutr, 2007. 61(9): 

p. 1121–7.

 172. Morris, M.S., et al., Intake of zinc and antioxidant micronutrients and early age-related maculopathy 
lesions. Ophthalmic Epidemiol, 2007. 14(5): p. 288–98.

 173. Chung, H.Y., H.M. Rasmussen, and E.J. Johnson, Lutein bioavailability is higher from lutein-enriched 
eggs than from supplements and spinach in men. J Nutr, 2004. 134(8): p. 1887–93.

 174. Cao, Y., and R. Cao, Angiogenesis inhibited by drinking tea. Nature, 1999. 398(6726): p. 381.

 175. Toi, M., et al., Preliminary studies on the anti-angiogenic potential of pomegranate fractions in vitro and 
in vivo. Angiogenesis, 2003. 6(2): p. 121–8.

 176. Cao, Y., R. Cao, and E. Brakenhielm, Antiangiogenic mechanisms of diet-derived polyphenols. J Nutr 

Biochem, 2002. 13(7): p. 380–90.

 177. Kenny, T.P., et al., Cocoa procyanidins inhibit proliferation and angiogenic signals in human dermal 
microvascular endothelial cells following stimulation by low-level H2O2. Exp Biol Med (Maywood), 

2004. 229(8): p. 765–71.

 178. Folkman, J., Angiogenesis in cancer, vascular, rheumatoid and other disease. Nat Med, 1995. 1(1): 

p. 27–31.

 179. Everitt, A.V., et al., Dietary approaches that delay age-related diseases. Clin Interv Aging, 2006. 1(1): 

p. 11–31.

 180. Chiu, C.J., et al., Dietary carbohydrate and the progression of age-related macular degeneration: A 
prospective study from the Age-Related Eye Disease Study. Am J Clin Nutr, 2007. 86(4): p. 1210–8.

 181. Faulks, R.M., and S. Southon, Challenges to understanding and measuring carotenoid bioavailability. 
Biochim Biophys Acta, 2005. 1740(2): p. 95–100.

 182. Goni, I., J. Serrano, and F. Saura-Calixto, Bioaccessibility of beta-carotene, lutein, and lycopene from 
fruits and vegetables. J Agric Food Chem, 2006. 54(15): p. 5382–7.

 183. Bernhardt, S.A.S., Impact of different cooking methods on food quality: Retention of lipophilic vitamins 
in fresh and frozen vegetables. J Food Eng, 2006. 77(2): p. 327–33.

 184. Yonekura, L., and A. Nagao, Intestinal absorption of dietary carotenoids. Mol Nutr Food Res, 2007. 

51(1): p. 107–15.

 185. Novotny, J.A., et al., Plasma appearance of labeled beta-carotene, lutein, and retinol in humans after 
consumption of isotopically labeled kale. J Lipid Res, 2005. 46(9): p. 1896–903.

 186. Roodenburg, A.J., et al., Amount of fat in the diet affects bioavailability of lutein esters but not of alpha-
carotene, beta-carotene, and vitamin E in humans. Am J Clin Nutr, 2000. 71(5): p. 1187–93.

 187. Unlu, N.Z., et al., Carotenoid absorption from salad and salsa by humans is enhanced by the addition of 
avocado or avocado oil. J Nutr, 2005. 135(3): p. 431–6.

 188. Tyssandier, V., et al., Processing of vegetable-borne carotenoids in the human stomach and duodenum. 
Am J Physiol Gastrointest Liver Physiol, 2003. 284(6): p. G913–23.

 189. Clevidence, B.H., D. Rao, and J. Dura-Novotny, Effect of cooking method on xanthophyll content of 
yellow-fl eshed potato. United States Japan Natural Resources Protein Panel, 2005. 34: p. 280–84.

TAF-67621-08-0801-C001.indd   25TAF-67621-08-0801-C001.indd   25 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



26 Food and Nutrients in Disease Management

 190. Johnson, G.H., D.R. Keast, and P.M. Kris-Etherton, Dietary modeling shows that the substitution of 
canola oil for fats commonly used in the United States would increase compliance with dietary recom-
mendations for fatty acids. J Am Diet Assoc, 2007. 107(10): p. 1726–34.

 191. Wijendran, V., and K.C. Hayes, Dietary n-6 and n-3 fatty acid balance and cardiovascular health. Annu 

Rev Nutr, 2004. 24: p. 597–615.

 192. Kinyamu, H.K., et al., Dietary calcium and vitamin D intake in elderly women: Effect on serum parathy-
roid hormone and vitamin D metabolites. Am J Clin Nutr, 1998. 67(2): p. 342–8.

 193. Cashman, K.D., Calcium and vitamin D. Novartis Found Symp, 2007. 282: p. 123–38; discussion 138–42, 

212–8.

 194. Gennari, C., Calcium and vitamin D nutrition and bone disease of the elderly. Public Health Nutr, 2001. 

4(2B): p. 547–59.

 195. Garland, C.F., et al., The role of vitamin D in cancer prevention. Am J Public Health, 2006. 96(2): 

p. 252–61.

 196. Bischoff-Ferrari, H.A., et al., Estimation of optimal serum concentrations of 25-hydroxyvitamin D for 
multiple health outcomes. Am J Clin Nutr, 2006. 84(1): p. 18–28.

 197. Marcason, W., Vitamin K: What are the current dietary recommendations for patients taking coumadin? 

J Am Diet Assoc, 2007. 107(11): p. 2022.

 198. Wallstrom, P., et al., Serum concentrations of beta-carotene and alpha-tocopherol are associated with 
diet, smoking, and general and central adiposity. Am J Clin Nutr, 2001. 73(4): p. 777–85.

 199. Vioque, J., et al., Plasma concentrations of carotenoids and vitamin C are better correlated with dietary 
intake in normal weight than overweight and obese elderly subjects. Br J Nutr, 2007. 97(5): p. 977–86.

 200. Madan, A.K., et al., Vitamin and trace mineral levels after laparoscopic gastric bypass. Obes Surg, 2006. 

16(5): p. 603–6.

 201. Shuster, M.H., and J.A. Vazquez, Nutritional concerns related to Roux-en-Y gastric bypass: What every 
clinician needs to know. Crit Care Nurs Q, 2005. 28(3): p. 227–60; quiz 261–2.

 202. Slater, G.H., et al., Serum fat-soluble vitamin defi ciency and abnormal calcium metabolism after malab-
sorptive bariatric surgery. J Gastrointest Surg, 2004. 8(1): p. 48–55; discussion 54–5.

 203. Vahlquist, A., et al., Serum carotene, vitamin A, retinol-binding protein and lipoproteins before and after 
jejunoileal bypass surgery. Int J Obes, 1982. 6(5): p. 491–7.

 204. Alvarez-Leite, J.I., Nutrient defi ciencies secondary to bariatric surgery. Curr Opin Clin Nutr Metab 

Care, 2004. 7(5): p. 569–75.

 205. Bai, J.C., Malabsorption syndromes. Digestion, 1998. 59(5): p. 530–46.

 206. Kastin, D.A., and A.L. Buchman, Malnutrition and gastrointestinal disease. Curr Opin Gastroenterol, 

2002. 18(2): p. 221–8.

 207. Davidson, M.H., et al., Weight control and risk factor reduction in obese subjects treated for 2 years with 
orlistat: A randomized controlled trial. JAMA, 1999. 281(3): p. 235–42.

 208. Sundl, I., et al., Effects of orlistat therapy on plasma concentrations of oxygenated and hydrocarbon 
carotenoids. Lipids, 2006. 41(2): p. 113–8.

 209. Peters, J.C., et al., Assessment of the nutritional effects of olestra, a nonabsorbed fat replacement: 
Introduction and overview. J Nutr, 1997. 127(8 Suppl): p. 1539S–1546S.

 210. Fokkema, M.R., et al., Short-term carnitine supplementation does not augment LCPω3 status of vegans 
and lacto-ovo-vegetarians. J Am Coll Nutr, 2005. 24(1): p. 58–64.

 211. Fokkema, M.R., et al., Short-term supplementation of low-dose gamma-linolenic acid (GLA), alpha-
linolenic acid (ALA), or GLA plus ALA does not augment LCP omega 3 status of Dutch vegans to an 
appreciable extent. Prostaglandins Leukot Essent Fatty Acids, 2000. 63(5): p. 287–92.

 212. Rosell, M.S., et al., Long-chain n-3 polyunsaturated fatty acids in plasma in British meat-eating, vegetar-
ian, and vegan men. Am J Clin Nutr, 2005. 82(2): p. 327–34.

 213. Plourde, M., and S.C. Cunnane, Extremely limited synthesis of long chain polyunsaturates in adults: 
Implications for their dietary essentiality and use as supplements. Appl Physiol Nutr Metab, 2007. 32(4): 

p. 619–34.

 214. Williams, C.M., and G. Burdge, Long-chain n-3 PUFA: Plant v. marine sources. Proc Nutr Soc, 2006. 

65(1): p. 42–50.

 215. Gerster, H., Can adults adequately convert alpha-linolenic acid (18:3n-3) to eicosapentaenoic acid 
(20:5n-3) and docosahexaenoic acid (22:6n-3)? Int J Vitam Nutr Res, 1998. 68(3): p. 159–73.

TAF-67621-08-0801-C001.indd   26TAF-67621-08-0801-C001.indd   26 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



Age-Related Macular Degeneration 27

 216. Doughman, S.D., S. Krupanidhi, and C.B. Sanjeevi, Omega-3 fatty acids for nutrition and medicine: 
Considering microalgae oil as a vegetarian source of EPA and DHA. Curr Diabetes Rev, 2007. 3(3): 

p. 198–203.

 217. Wang, J.J., et al., Cataract surgery and the 5-year incidence of late-stage age-related maculopathy: 
Pooled fi ndings from the Beaver Dam and Blue Mountains eye studies. Ophthalmology, 2003. 110(10): 

p. 1960–7.

 218. Klein, R., et al., The relationship of ocular factors to the incidence and progression of age-related macu-
lopathy. Arch Ophthalmol, 1998. 116(4): p. 506–13.

 219. Holden, J.E., et al., Carotenoid Content of U.S. Foods: An update of the database. J Food Comp Anal, 

1999. 12: p. 169–96.

TAF-67621-08-0801-C001.indd   27TAF-67621-08-0801-C001.indd   27 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



TAF-67621-08-0801-C001.indd   28TAF-67621-08-0801-C001.indd   28 12/19/08   7:30:24 PM12/19/08   7:30:24 PM



29

2 Rhinosinusitis 

Food and Nutrient Approaches 
to Disease Management 
and Prevention

Mary L. Hardy, M.D., and Elizabeth R. Volkmann, M.D.

I. INTRODUCTION

Rhinosinusitis is a common clinical problem affecting one in seven adults, or 31 million individuals, 

in the United States each year [67]. Studies estimate a direct annual health care cost of $5.8 billion [2], 

which includes clinical encounters and 500,000 surgical procedures performed on the paranasal 

sinuses [63]. “I have a sinus problem” is one of the most common reasons for a patient visit to a 

physician in the United States and accounts for 25 million offi ce visits each year [38]. The indi-

rect costs of rhinosinusitis include 73 million days of restricted activity per year [2]. Despite the 

high incidence and health care burden of rhinosinusitis, treatment options vary considerably across 

medical disciplines [42]. This chapter emphasizes food and nutrient optimization for managing and 

preventing rhinosinusitis.

II. DEFINITION

Rhinosinusitis is defi ned as symptomatic infl ammation of the paranasal sinuses and nasal cavity 

[74]. In recent years, rhinosinusitis has replaced the term sinusitis because the syndrome is often 

preceded by, and rarely occurs without, concurrent nasal airway infl ammation [74]. Rhinosinusitis 

is classifi ed as acute if less than 4 weeks, subacute if 4 to 8 weeks, or chronic if 8 weeks or longer. 

If three or more episodes of acute rhinosinusitis occur per year without persistent symptoms between 

episodes, the condition is termed recurrent rhinosinusitis. Rhinosinusitis can be further character-

ized by etiology such as acute bacterial rhinosinusitis or viral rhinosinusitis.

III. PRESENTATION

Signs and symptoms of rhinosinusitis differ according to the underlying cause of the infl ammation, 

although there often is substantial crossover of symptoms. Acute bacterial rhinosinusitis typically 

manifests as purulent nasal drainage lasting 10 days or more accompanied by nasal obstruction, 

facial pain, pressure, or fullness [66]. Additional signs may include maxillary tooth discomfort, 

hyposmia or anosmia, cough, fever, and failure of transillumination of the maxillary sinuses [66]. 
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Radiological imaging, such as computed tomography scanning, is no longer necessary for the diag-

nosis of rhinosinusitis, if the patient meets the clinical criteria and the provider does not suspect a 

complication or alternate diagnosis [74]. 

In viral rhinosinusitis, symptoms are similar to acute bacterial rhinosinusitis; however, they are 

present for less than 10 days and typically do not worsen over time [74]. The previous notion that 

purulent nasal drainage distinguishes bacterial from viral infections lacks sensitivity and is no lon-

ger used in clinical practice to discriminate between the two sources [74]. Approximately 0.5% to 

2% of cases of viral rhinosinusitis develop into bacterial infection [31]. 

Chronic rhinosinusitis manifests with purulent nasal discharge, obstruction, facial pain, pressure, 

or fullness lasting for 8 weeks or longer [74]. Additional diagnostic criteria include documentation 

of infl ammation via one or more of the following: radiographic imaging showing infl ammation of 

the paranasal sinuses; polyps in the nasal cavity or middle meatus; and/or purulent mucus or edema 

in the middle meatus or ethmoid region [74]. 

IV. DIFFERENTIAL DIAGNOSIS

Differentiating rhinosinusitis from other possible diseases may be challenging during the initial 

evaluation. Table 2.1 presents a list of conditions that may present in a similar fashion to rhinosinus-

itis, and their distinguishing characteristics.

TABLE 2.1
Differential Diagnosis of Rhinosinusitis
Diagnosis Distinguishing features

Cold or fl u virus Symptoms present less than 1 week

Symptoms do not worsen with time

Allergies Symptoms include itchy nose, eyes, or throat, and recurrent sneezing

Symptoms appear to occur only during exposure to allergens

Migraine and other headaches The headache is recurrent

The headache has a signifi cant impact on daily activities

Symptoms do not include nasal congestion

Dental problems Medical history may include recent dental work

Foreign object in nasal passage Suggestive history

Typically occurs in pediatric patients

Temporal arteritis Headache is unilateral

Symptoms include proximal muscle weakness

Typically occurs in elderly patients

Temporomandibular joint disorders History of teeth grinding

Pain elicited upon palpation of the temporomandibular joint

Vasomotor rhinitis Symptoms include nasal obstruction, rhinorrhea, and congestion

Often occurs in pregnant women

Typically a diagnosis of exclusion

Source: Adapted from [81].
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V. PATHOPHYSIOLOGY

The major pathogens implicated in acute bacterial rhinosinusitis for adults and pediatric patients are 

Streptococcus pneumoniae and Haemophilus infl uenza [66]. In pediatric cases, Moraxella catarrh-
alis causes 25% of acute bacterial rhinosinusitis. Less frequent species known to cause rhinosinus-

itis in certain patient subgroups include β- and α-hemolytic streptococci, Staphylococcus aureus, 
and anaerobes [66]. In most cases, a preceding viral infection causes infl ammation and congestion 

in the nasal passage, obstructing the sinuses and creating a hospitable environment for subsequent 

bacterial growth. Fungi, even though normal fl ora of the upper airway, can cause acute rhinosi-

nusitis in immunocompromised or diabetic patients [20]. The most common cause of noninvasive 

fungal rhinosinusitis is Aspergillus [81]. 

While acute rhinosinusitis is typically infectious in nature, chronic rhinosinusitis may result 

from a combination of factors, including infection and allergic responses [29]. For example, allergic 

rhinitis is more often associated with chronic rhinosinusitis compared with isolated acute bacte-

rial rhinosinusitis [19]. Moreover, patients with chronic rhinosinusitis demonstrate an exaggerated 

humoral and cellular immune response to airborne fungi [80]. In a study of patients with chronic 

rhinosinusitis, 57% had a positive in vitro or skin allergy test [30]. The edema and infl ammation 

associated with allergic rhinitis may engender increased susceptibility of the sinuses to infection by 

blocking drainage and delaying mucociliary clearance [1].

VI. RISK FACTORS

MEDICAL CONDITIONS

Several factors may contribute to the occurrence, persistence, or recurrence of rhinosinusitis. The 

presence of an allergic diathesis predisposes to infections as described above. Atopic children, in 

general, have higher incidence of chronic rhinosinusitis [9]. Also, patients with asthma often suf-

fer from concomitant chronic rhinosinusitis and exhibit increased asthma exacerbations until the 

rhinosinusitis is controlled [85]. Other medical risk factors include cystic fi brosis, immunocompro-

mised states, ciliary dyskinesia, and anatomic variation, such as septal deviation [74]. 

ENVIRONMENTAL FACTORS

In a survey study of 66 million adults from 1988 to 1994, the prevalence of both acute and recurrent 

or chronic rhinosinusitis increased with direct exposure to cigarettes and other tobacco products 

[48]. Researchers suggest that cigarette smoke and other air pollutants can damage the cilia respon-

sible for moving mucus through the sinuses [81]. Changes in atmospheric pressure, such as fl y-

ing, climbing to high altitudes, or swimming, may predispose the individual to sinus blockage and 

subsequent infection [81]. Finally, anaerobic bacterial infections associated with dental procedures 

precipitate 10% of rhinosinusitis cases [81]. 

NUTRITIONAL FACTORS

Nutritional defi ciencies have also been implicated as risk factors for the development of rhinosi-

nusitis and other upper respiratory tract infections. In a study of children undergoing surgery for 

placement of tympanostomy tubes for frequent otitis media, patients had reduced levels of vita-

min A and selenium [50]. Another prospective trial examined the blood levels of various vitamins 

and minerals in children with chronic rhinosinusitis and found signifi cantly lower levels of vita-

min C, vitamin E, copper, and zinc in chronic rhinosinusitis patients compared to age-matched 

controls [86].
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VII. COMPLICATIONS

Complications of rhinosinusitis include periorbital swelling, erythema, and facial pain [66]. 

In rare cases, rhinosinusitis can cause serious medical problems if left untreated (Table 2.2).

VIII. TREATMENT 

CONVENTIONAL MANAGEMENT

The primary objectives for treatment of both acute and chronic rhinosinusitis include the  following: 

reduce swelling, eradicate infection, drain the sinuses, and ensure that the sinuses remain open. 

Conventional treatment involves using corticosteroids, antibiotics, decongestants and antihistamines 

to achieve these objectives. However, many patients may not require such an aggressive treatment 

approach [74]. For instance, several studies have demonstrated a lack of benefi t of antibiotics for 

clinically diagnosed acute rhinosinusitis [57, 82]. In a large, randomized controlled trial of patients 

with acute rhinosinusitis, Williamson and colleagues [93] found that neither amoxicillin nor the cor-

ticosteroid budesonide nor both were superior to placebo for resolving symptoms. Another random-

ized controlled trial found that patients diagnosed with acute rhinosinusitis experience no advantage 

with antibiotic treatment (amoxicillin-clavulanate) compared with placebo and are, in fact, more 

likely to experience adverse effects [7]. Diffi culty in distinguishing viral and bacterial rhinosinusitis 

in the general practice setting likely contributes to the lack of benefi t of antibiotics among certain 

patients, and inappropriate use of antibiotics may lead to resistance of these medicines.

NASAL IRRIGATION AND HYDRATION

An important remedy for clearing the sinuses is nasal irrigation. Numerous studies suggest that 

daily irrigation of the nasal passages with a hypertonic solution (e.g., saline) relieves rhinosinusitis 

symptoms, reduces antibiotic use, and limits the occurrence of acute exacerbations [20, 33, 64, 71]. 

Saline irrigation is also helpful for patients who suffer from allergic rhinitis [22, 23]. Nasal irriga-

tion fl oods the nasal cavity with warm saline solution, clearing out excess mucus and allergens 

while moisturizing the nasal cavity. Either a soft ear syringe, a neti pot, or a water pick with a spe-

cial attachment may be used. A randomized controlled trial comparing the effi cacy of saline and 

Dead Sea salt solution in nasal irrigation found that patients with chronic rhinosinusitis who used 

the Dead Sea salt solution had signifi cantly better symptoms of relief than patients who used regular 

saline [21]. Extremely cost-effective, nasal irrigation is also safe to perform in children.

TABLE 2.2
Complications of Rhinosinusitis
Complication Clinical Characteristics

Osteomyelitis Increased in adolescent males with frontal sinusitis

Manifests as headache, fever, and soft swelling over the bone

Orbital infection Develops in ethmoid sinusitis

Pressure on optic nerve may lead to vision loss

Thrombosis Develops in ethmoid or frontal sinuses

Pupil may be fi xed and dilated

Widespread or more 

severe infection

May result in abscesses or meningitis

Infection spreads to brain, either through bones or blood vessels

More likely in immunocompromised patients

Source: Adapted from [66].
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Maintenance of hydration is a key factor in the successful management of rhinosinusitis. Increased 

oral intake of fl uids, such as teas and soups, may improve ciliary function and decrease congestion 

[20]. Use of a humidifi er is also recommended [40]. Inhalation of the steam generated from hot liq-

uids further moisturizes the nasal cavities [81], which are dry in patients who chronically use corti-

costeroid-based nasal sprays and decongestants. To deliver steam inhalation, the patient should boil 

a pot of water, form a tent over the pot by covering the head with a towel, and inhale the steam.

To enhance the benefi ts of steam inhalation, various herbal medicines can be added to the solution. 

Essential oils of eucalyptus (Eucalyptus globules), pine (Pinus spp.), and peppermint (Mentha pip-
erita) act primarily as antimicrobials, but also possess anti-infl ammatory and expectorant properties 

[12]. A small controlled study evaluating the effects of a mixture of eucalyptus, pine, peppermint, and 

nutmeg (Ravensara aromatica) on sinus infection symptoms had patients use three drops of the mix-

ture in a steam inhalation for 10 minutes, three times a day for fi ve days [52]. After fi ve days of treat-

ment, the essential oil group (eight subjects) had clear mucus and no congestion, while the control 

group (three subjects) had green mucus and persistent congestion. Synthetic forms of eucalyptus are 

used in cough medicines and ointments (e.g., Vicks VapoRub) as a decongestant and antiseptic [51]. 

NUTRITIONAL STRATEGIES IN RHINOSINUSITIS (TABLE 2.3)

Horseradish (Armoracia rusticana) exhibits congestion-clearing effects similar to other spicy foods 

such as cayenne (Capsicum spp.) pepper and curry (Murraya koenigii) [81]. In addition, horserad-

ish acts as an antimicrobial [44]. In a prospective cohort study of 251 centers in Germany, patients 

with acute rhinosinusitis treated with an herbal drug containing Nasturtium and horseradish root 

demonstrated a reduction in symptoms similar to patients treated with conventional antibiotics [26]. 

Moreover, the patients treated with horseradish root had fewer adverse effects compared with the 

antibiotic group. When possible, patients should be encouraged to consume these substances directly 

from foods, as opposed to capsules, because the healing effects of these spices are thought to be due 

in part to their taste and smell.

The proteolytic enzyme bromelain, obtained from the pineapple stalk, has been used in rhinosinusitis 

as an anti-infl ammatory and mucolytic. A study of children diagnosed with acute rhinosinusitis found 

that patients treated with a bromelain supplement had a shorter mean period of symptoms compared with 

patients treated with conventional therapy [5]. In another study, acute and chronic rhinosinusitis patients 

taking bromelain demonstrated improvements in nasal mucosal infl ammation and in overall symptoms 

[83]. Bromelain oral dosage is typically 500 to 1000 mg/day [37] and the majority of studies provided 

the substance for 1 week in several divided doses per day [29]. Proteolytic enzymes from papaya and a 

few other fruits exert similar effects although perhaps not studied specifi cally in sinusitis.

Population-based survey studies in the United States have demonstrated that 24% to 32% of 

patients with chronic rhinosinusitis have used herbal therapy alone or as an adjuvant treatment for 

their condition [3, 46]. One such herbal preparation is Sinupret, which was developed in Germany 

for rhinosinusitis [29]. The formula, available in solution or tablet form, is comprised of fi ve herbal 

extracts (Gentiana lutea, Primula veris, Rumex sp., Sambucus nigra, Verbena offi cinalis). A systematic 

review of 22 clinical studies with Sinupret in the treatment of rhinosinusitis demonstrated that com-

bined with standard antibacterial therapy, Sinupret signifi cantly reduced the acute signs and symptoms 

of rhinosinusitis [56]. Adjuvant treatment with Sinupret typically lasted 1 to 2 weeks in these studies. 

A randomized controlled trial of patients with acute rhinosinusitis found that patients who took Sinupret 

for 2 weeks (two tablets given three times per day) in addition to conventional antibiotics had fewer 

symptoms and better radiographical fi ndings compared with patients who took antibiotics alone [61]. 

NUTRITIONAL STRATEGIES FOR ALLERGIC RHINITIS (TABLE 2.4)

Allergic rhinitis is a well-known risk factor for rhinosinusitis and can be ameliorated with nutri-

tional interventions. Spirulina, a cyanobacteria with a high protein content, has been shown to be 
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TABLE 2.3
Nutrients for Rhinosinusitis*

Nutrient Function Top Sources

Vitamin A Enhance function of white blood cells

Increase antibody response to antigens

Maintain function of mucosal tissues

Carrots, spinach, collard greens, kale, turnip greens, winter 

squash, Swiss chard, red bell pepper, sweet potato, peas, 

parsley, acorn squash, yellow corn, brussels sprouts, 

apricots, cantaloupe, mango, watermelon, peaches, papaya

Vitamin C Anti-infl ammatory Papaya, red bell peppers, broccoli, brussels sprouts, 

strawberries, oranges, cantaloupe, kiwifruit, caulifl ower, 

kale 

Copper Elimination of free radicals Crimini mushrooms, turnips, spinach, kale, summer squash, 

asparagus, eggplant, tomato, cashews, ginger root, green 

beans, sesame seeds, mustard seeds, sunfl ower seeds, beans

Selenium Protect cells from free radical damage Crimini mushrooms, cod, shrimp, halibut, salmon, turkey, 

barley, chicken, sunfl ower seeds, asparagus, spinach

Zinc Enhance function of white blood cells

Decrease IgE-mediated release of 

antihistamine

Crimini mushrooms, summer squash, asparagus, collard 

greens, miso, broccoli, green peas, pumpkin seeds, sesame 

seeds, mustard seeds

Omega-3 

fatty acids

Anti-infl ammatory Flaxseeds, walnuts, salmon, halibut, shrimp, tofu, scallops, 

winter squash, broccoli, caulifl ower, brussels sprouts, 

soybeans, strawberries, miso

Bromelain Mucolytic

Anti-infl ammatory

Pineapple

Hot spices 

(capsaicin)

Clear sinuses

Promote drainage

Relieve pain

Horseradish

Cayenne (good source of vitamin A)

Probiotics Enhance immune function Yogurt, cottage cheese, aged cheese, miso, pickles, wine

Source: Adapted from [41, 53, 89].

* For chronic rhinosinusitis, patients may benefi t from eliminating common food allergens including eggs, peanuts, milk and 

dairy products, wheat, corn, and concentrated sources of sugar.

an effective immune modulator and potential allergy remedy [54]. Containing phenolic acid, to-

copherols, beta-carotenes, and gamma-linolenic acid, this alga has several anti-infl ammatory proper-

ties, including inhibition of histamine release from mast cells [70], as well as cyclooxygenase-2 [72], 

and cytokines [54]. In a randomized crossover study, patients with allergic rhinitis who received 

spirulina for 12 weeks had signifi cantly reduced interleukin (IL)-4 levels (32%) [54]. Another study 

found that dietary spirulina consumption increased immunoglobulin A (IgA) levels in human saliva 

[36]. Lower levels of secretory IgA are associated with increased susceptibility to upper respiratory 

tract infections (URTIs) [45, 91]. Furthermore, patients who have selective IgA defi ciency expe-

rience recurrent, moderately severe URTIs [14], such as ear infections, sinusitis, bronchitis, and 

pneumonia [4]. 

In addition to its favorable effects on local immunity, spirulina has been shown to decrease aller-

gic rhinitis symptoms, including nasal discharge, sneezing, nasal congestion, and itching [13]. In a 

double-blind, placebo-controlled study that evaluated the effectiveness and tolerability of spirulina 

for treating patients with allergic rhinitis, spirulina consumption signifi cantly improved the symp-

toms and physical fi ndings compared with placebo [13]. In this study, patients took fi ve tablets each 

day, consuming either 2000 mg/day spirulina or placebo for 6 months. Patients were not permitted 

to take any anti-allergy or rhinitis medication during the study period.

Quercetin is a nutrient with anti-infl ammatory activity of potential use in the management 

of allergic rhinitis [37]. Found in highest concentrations in apples and onions, quercetin inhibits 
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histamine release [6], and decreases the gene expression of tumor necrosis factor alpha, IL-1β, IL-6, 

and IL-8 [58]. Subjects with nasal allergies treated with a nasal spray that included quercetin expe-

rienced signifi cant relief of nasal symptoms that was comparable to oral antihistamine preparations 

[73]. Supplemental quercetin can be dosed at 400 to 500 mg orally three times per day [29].

Urtica dioica, also known as stinging nettles, has been used in the management of allergic rhini-

tis [84]. In one double-blind, controlled trial, patients with allergic rhinitis who took two 300-mg 

capsules of freeze-dried extracts of Urtica dioica at the onset of symptoms reported reductions in 

symptoms [59]. Nettle is one of the most nutrient-dense commonly used herbs, containing high 

amounts of vitamin A, potassium, calcium, and magnesium [65]. Interestingly, nettles also contain 

histamine, which is a pro-infl ammatory molecule. However, histamine also acts as an autocoid (a 

local hormone) to modulate the immune response [55], and injections of histamine have been used 

effectively in the past to treat numerous allergic conditions including cluster headaches, penicillin 

reactions, and cold urticaria with associated anaphylaxis [39]. If taken in capsule form, dosage is 

240 to 300 mg tablets given two to three times per day. Patients can also consume nettle in a tea by 

mixing two to three teaspoons of the herb in 16 ounces of hot water.

Butterbur (Petasites hybridus) is a herbaceous plant in the Asteraceae family whose leaves and 

roots contain eremophilan-type sesquiterpenes that may effectively manage symptoms of allergic 

rhinitis [43]. Butterbur inhibits the biosynthesis of leukotrienes associated with spasmolytic activity 

and type-I hypersensitivity [76, 77], and has been evaluated as a treatment for asthma and allergic 

rhinitis [76]. A prospective, randomized, double-blind, parallel group comparison study of a stan-

dardized formula of butterbur extract (Ze 339, 8 mg total petasine, one tablet given three times per 

day), fexofenadine (Telfast 180, one tablet, once daily) and placebo in 330 patients, demonstrated 

that butterbur Ze 339 and fexofenadine are equally effective relative to placebo [78].

IX. PREVENTION

PROBIOTICS

Primary preventative measures to reduce the risk of rhinosinusitis include avoidance of viral URTIs 

with probiotics. The goal of probiotics is to establish microbial colonies that support mucosal 

integrity [34]. Numerous studies have demonstrated that foods containing Lactobacilli reduce the 

incidence and severity of the common cold [16, 17, 25, 47, 94]. A randomized, double-blind, place-

bo-controlled intervention study found that adults who consumed a probiotic bacteria supplement 

for 3 months were less likely to develop URTIs and reported fewer symptoms during URTI episodes 

than controls [94]. Moreover, participants who consumed the probiotic supplement had signifi cantly 

higher levels of T-lymphocytes, including CD4+ and CD8+ cells, and monocytes during the fi rst 

TABLE 2.4
Foods for Allergic Rhinitis
Foods to Consume Foods to Avoid

Organic fruits and vegetables

-apples & onions (contain quercetin)

Dairy products

Yeast products (bread, refi ned sugars, alcohol)

Extra virgin olive oil Artifi cial food additives

Flaxseeds Salt

Rosemary

Salmon, halibut

Spirulina

Source: Adapted from [41, 53].
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14 days of supplementations compared with the placebo group. By reducing the risk of URTIs, a 

well-established risk factor for rhinosinusitis, probiotic bacteria may decrease the incidence of rhi-

nosinusitis. A double-blind, placebo-controlled multicenter study of patients with chronic recurrent 

rhinosinusitis demonstrated that participants receiving a probiotic for 6 months had fewer relapses, 

an increased interval to the fi rst relapse, and less usage of antibiotics compared to the placebo 

group [32]. The fi ndings were signifi cant during the treatment period, as well as during the 8-month 

follow-up observation period.

Xylitol is another substance that may help preserve a microbial balance favorable for the oral 

mucosa. Randomized trials conducted in Finland have demonstrated that xylitol taken in a regi-

men of 1.67 g fi ve times a day as a chewing gum or 2 g fi ve times a day as a solution reduced the 

incidence of acute otitis media by 35% to 40% in young children [86, 87]. The main limitation of 

the use of sugar alcohols is a dose-dependent osmotic laxative effect. The Finnish studies of xylitol 

for acute otitis media prevention have also shown that 10 g of xylitol daily, given as 2 g fi ve times a 

day, is well tolerated in children as young as 9 months of age.

Substances that may disrupt the natural microfl ora of the mucosa lining the upper respiratory 

and gastrointestinal tracts include antibiotics [24]. Antimicrobial agents active against both gram-

positive and gram-negative organisms have a greater impact on the intestinal fl ora and may lead to 

overgrowth of unfavorable pathogens [24]. High sugar intake has also been implicated as a causative 

factor in intestinal dysbiosis [35]. While the mechanism for this alteration in microfl ora has yet to be 

fully elucidated, researchers postulate that high sugar intake increases bile output. Because certain 

species of intestinal bacteria utilize bile acids for energy, increased production of bile acids may 

result in a competitive advantage for this group of bacteria [60].

NUTRITIONAL STRATEGIES

Oral supplementation with essential fatty acids [90], zinc [75], selenium [49, 50], and cod liver oil 

[49, 50] can decrease the incidence of URTIs. Interestingly, from the 1920s to the 1940s, many 

children in the United States received cod liver oil, a rich source of vitamins A and D, as well as 

omega-3 fatty acids [79]. Due to an unpleasant taste and concern over vitamin A toxicity [8], cod 

liver oil largely fell out of favor. However, a recent randomized study of Latino children living in 

New York City found that daily supplementation of lemon-fl avored cod liver oil and a children’s 

multivitamin containing selenium signifi cantly reduced the mean number of URTI physician visits 

over a 6-month period [49]. Supplemental nutrients were well tolerated by the children, and 70% of 

participants completed the full course of treatment.

One randomized controlled trial of elderly individuals observed that neither daily multivitamin-

mineral supplementation, nor vitamin E (alpha-tocopherol) favorably affected the incidence and 

severity of URTIs [27]. These fi ndings contrast with the results of previous studies that demon-

strated a reduction in the incidence and duration of infections in elderly patients with multivitamin 

supplementation [10, 11]. The different results may refl ect differences in the patient populations 

(institutionalized vs. noninstitutionalized patients) or supplementation regimens (synthetic vs. natu-

ral forms) under study. For instance, the earlier studies assessed institutionalized elderly patients 

who may be more likely to have nutrient defi ciencies compared with the noninstitutionalized patients 

assessed in the study by Graat and colleagues [27]. Therefore, although studies do suggest a benefi t 

from supplementation, the evidence is not uniformly positive. 

Dietary alterations also help prevent symptoms of allergic rhinitis. Ivker [40] recommends that 

affected patients adopt a Candida control diet, avoiding foods containing yeast, such as bread, 

refi ned sugars, cheeses, peanuts, and alcoholic beverages, and instead eating fruits and vegetables, 

which are alkalinizing and rich in probiotics, although direct evidence for this intervention is lack-

ing. Because allergic fungal rhinosinusitis has been implicated as a causative factor of chronic 

rhinosinusitis [68, 80], eating a yeast-free diet may decrease nutritional exposure to fungal antigens, 

which may divert the immune system from fi ghting rhinosinusitis-related pathogens. Dairy, wheat, 
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and corn are reported to promote a more globular mucus, impair sinus drainage, and promote anti-

gen exposure [37]. As such, the belief that consuming dairy products increases mucus production is 

an oversimplifi cation of a more complex issue, which has not been tested in clinical trials. 

COMPLEMENTARY THERAPIES

Acupuncture is effective in the prevention and treatment of both allergic and nonallergic rhinitis [15, 

62, 95, 96]. A recent randomized controlled trial of children with persistent allergic rhinitis found 

that children who received acupuncture for 8 weeks reported fewer daily rhinitis symptoms and 

more symptom-free days compared with children who received sham acupuncture during both the 

treatment period and follow-up observation period [62]. There were no serious adverse effects of the 

acupuncture noted. Though less well-studied, acupuncture has also been successfully used to treat 

patients with chronic sinusitis [69].

A novel strategy for improving paranasal sinus ventilation is humming [28]. Humming has been 

shown to increase nasal levels of nitric oxide, which has antifungal and antibacterial activity [92]. A 

case report of a patient with chronic rhinosinusitis who hummed for 1 hour daily for 4 days demon-

strated a signifi cant reduction in sinus symptoms by day four of the study [18]. Future randomized, 

controlled studies are needed to assess the validity of the humming approach.

ENVIRONMENTAL FACTORS

Improving air quality reduces allergen exposure, and therefore reduces allergic predisposition. 

Decreased exposure to animal dander and dust mites through removal of carpeting and feather bed-

ding is associated with improvement in rhinosinusitis symptoms [37]. Clinicians also suggest encas-

ing pillows and bedding in allergy-reduction coverings or plastic and using a negative ion generator 

[40]. Avoidance of exogenous irritants, such as cigarette smoking, is also encouraged. An observa-

tional study of over 20,000 adults found that the prevalence of both acute and recurrent or chronic 

rhinosinusitis was increased with direct cigarette exposure [48]. 

X. SUMMARY

Acute bacterial rhinosinusitis is suggested over viral infections when• 

  a. Symptoms or signs are present for 10 days or more

  b. Symptoms or signs worsen with time

Chronic rhinosinusitis occurs when• 

  a. Symptoms or signs are present for 8 weeks or more

  b. There is documentation of sinus infl ammation through imaging

Recurrent rhinosinusitis occurs when there are three or more episodes of acute bacterial • 

rhinosinusitis per year.

Patients with chronic and recurrent rhinosinusitis should be assessed for factors that con-• 

tribute to the pathogenesis of rhinosinusitis, such as allergic rhinitis and immunocompro-

mised states.

Risk factors for rhinosinusitis include atopic conditions, cigarette smoking, altitude changes, • 

and nutritional defi ciencies (vitamin A, vitamin C, vitamin E, copper, selenium, zinc).

Management strategies for treating and preventing rhinosinusitis include• 

  a. Performing regular steam inhalation

 b. Drinking hot teas such as ginger and broth-based soups

 c. Consuming spicy foods (horseradish, hot pepper)

 d. Performing nasal washes with saline solution

 e.  Using plant-derived remedies such as Sinupret (two to three capsules/day) and brome-

lain (500 to 1000 mg/day)

  f. Consuming a well-balanced diet rich in omega-3 fatty acids and vitamin A
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Management strategies for allergic rhinitis include:• 

  a. Using the phytonutrient quercetin (400 to 500 mg three times/day)

 b.  Consuming spirulina (2000 mg/day), an alga rich in chlorophyll shown to increase 

secretory IgA

 c. Initiating environmental controls that may reduce the infl ammatory response

  d. Identifying and avoiding known allergens including food allergens
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3 Chemosensory Disorders

Alan R. Hirsch, M.D.

I. INTRODUCTION

Approximately 90% of taste or fl avor is actually smell [1]. It is a nonpathological form of synesthe-

sia, wherein orthonasal smell is perceived as aroma and retronasal smell, from the posterior of the 

mouth, through the oropharynx, is construed as taste [2, 3]. This chapter explores how diminution 

and alteration in taste and smell infl uence food selection and nutrient needs.

II. EPIDEMIOLOGY

Chemosensory dysfunction is endemic. Approximately 15 million Americans 55 or older have 

olfactory abnormalities, and more than 200,000 individuals seek the medical advice of general 

practitioners and specialists each year because of complaints regarding smell or taste [4]. Causes of 

chemosensory dysfunction are myriad, and the underlying disorders are often, in and of themselves, 

associated with nutritional dysfunction [5]. 

III. PATHOPHYSIOLOGY

Smell is the only sensation to reach the cortex before reaching the thalamus. Furthermore, it is the 

only sensory system that is primarily ipsilateral in its projection to the cortex. In the future, neu-

roimaging techniques will be able to expand the understanding of this evolutionarily, precortical 

limbic system sense that is intertwined with our daily nutrition.

ANATOMY OF SMELL

Dirhinous inhalation is olfactorily asymmetric due to the olfactory cycle, which alternates open 

nostrils every 4 to 8 hours. Parenthetically, olfaction demonstrates greatest sensitivity ipsilateral 

to the restricted nostril, as a result of eddy currents, which are created by the smaller aperture. 

These tumultuous gusts of odorant, like rhinal tornadoes, stochastically distribute the odorants, 

with greater concentration reaching the olfactory epithelium at the top of the nose, as opposed to 

bypassing this area in favor of the bronchi and lungs [6]. 

Once an odor passes through the olfactory epithelium, it must stimulate the olfactory nerve, 

which consists of unmyelinated olfactory fi la. The olfactory nerve has the slowest conduction rate 

of any nerve in the body. The olfactory fi la pass through the cribiform plate of the ethmoid bone 

and enter the olfactory bulb. During trauma, much damage occurs in this bulb [7]. Different odors 

localize in different areas of the olfactory bulb. 

Inside the olfactory bulb is a conglomeration of neuropil called the glomeruli. Approximately 

2000 glomeruli reside in the olfactory bulb. Four different cell types make up the glomeruli: pro-

cesses of receptor cell axons, mitral cells, tufted cells, and second-order neurons that give off 
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collaterals to the granule cells and to cells in the periglomerular and external plexiform layers. The 

mitral and tufted cells form the lateral olfactory tract and establish a reverberating circuit with the 

granule cells. The mitral cells stimulate fi ring of the granule cells, which in turn inhibit fi ring of 

the mitral cells [8]. 

A reciprocal inhibition exists between the mitral and tufted cells. This results in a sharpening of 

olfactory acuity. The olfactory bulb receives several efferent projections, including the primary olfactory 

fi bers, the contralateral olfactory bulb and the anterior nucleus, the inhibitory prepiriform cortex, the 

diagonal band of Broca with neurotransmitters acetylcholine and gamma- aminobutyric acid (GABA), 

the locus coeruleus, the dorsal raphe, and the tuberomamillary nucleus of the hypothalamus. 

The olfactory bulb’s efferent fi bers project into the olfactory tract, which divides at the olfactory 

trigona into the medial and lateral olfactory striae. These project to the anterior olfactory nucleus, 

the olfactory tubercle, the amygdaloid nucleus (which in turn projects to the ventral medial nucleus 

of the hypothalamus, a feeding center), the cortex of the piriform lobe, the septal nuclei, and the 

hypothalamus (in particular the anterolateral regions of the hypothalamus, which are involved in 

reproduction). 

The anterior olfactory nucleus receives afferent fi bers from the olfactory tract and projects effer-

ent fi bers, which decussate in the anterior commissure and synapse in the contralateral olfactory 

bulb. Some of the efferent projections from the anterior olfactory nucleus remain ipsilateral, and 

synapse on internal granular cells of the ipsilateral olfactory bulb. 

The olfactory tubercle receives afferent fi bers from the olfactory bulb and the anterior olfactory 

nucleus. Efferent fi bers from the olfactory tubercle project to the nucleus accumbens as well as the 

striatum. Neurotransmitters of the olfactory tubercle include acetylcholine and dopamine. 

The area on the cortex where olfaction is localized, that is, the primary olfactory cortex, includes 

the prepiriform area, the periamygdaloid area, and the entorhinal area. The piriform cortex and the 

amygdala are the primary olfactory cortex, while the insula and orbitofrontal cortex are secondary 

olfactory cortex association areas [9]. Afferent projections to the primary olfactory cortex include the 

mitral cells, which enter the lateral olfactory tract and synapse in the prepiriform cortex (lateral olfac-

tory gyrus) and the corticomedial part of the amygdala. Efferent projections from the primary olfac-

tory cortex extend to the entorhinal cortex, the basal and lateral amygdaloid nuclei, the lateral preoptic 

area of the hypothalamus, the nucleus of the diagonal band of Broca, the medial forebrain bundle, the 

dorsal medial nucleus and submedial nucleus of the thalamus, and the nucleus accumbens. 

It should be noted that the entorhinal cortex is both a primary and a secondary olfactory corti-

cal area. Efferent fi bers project via the uncinate fasciculus to the hippocampus, the anterior insular 

cortex next to the gustatory cortical area, and the frontal cortex. This may explain why temporal lobe 

epilepsy that involves the uncinate often produces parageusias of burning rubber, uncinate fi ts [10]. 

Some of the efferent projections of the mitral and tufted cells decussate in the anterior commissure 

and form the medial olfactory tract. They then synapse in the contralateral parolfactory area and the 

contralateral subcallosal gyrus. The exact function of the medial olfactory stria and tract is not clear. 

The accessory olfactory bulb receives afferent fi bers from the bed nucleus of the accessory olfactory 

tract and the medial and posterior corticoamygdaloid nuclei. Efferent fi bers from the accessory olfac-

tory bulb project through the accessory olfactory tract to the same afferent areas, for example, the 

bed nucleus of the accessory olfactory tract and the medial and posterior corticoamygdaloid nuclei. 

It should be noted that the medial and posterior corticoamygdaloid nuclei project secondary fi bers to 

the anterior and medial hypothalamus, the areas associated with reproduction. Therefore the acces-

sory olfactory bulb in humans may be the mediator for human pheromones [11]. 

NEUROTRANSMITTERS THAT MEDIATE SMELL 

Neurotransmitters of the olfactory cortex are myriad, including glutamate, aspartate, cholecystokinin, 

luteinizing hormone-releasing hormone (LHRH), and somatastatin. Furthermore, perception of 

odors causes modulation of olfactory neurotransmitters within the olfactory bulb and the limbic 
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system. Virtually all known neurotransmitters are present in the olfactory bulb. Thus  odorant 

modulation of neurotransmitter levels in the olfactory bulb, tract, and limbic system intended for 

transmission of sensory information may have unintended secondary effects on a variety of dif-

ferent behaviors and disease states that are regulated by the same neurotransmitters. For instance, 

odorant modulation of dopamine in the olfactory bulb/limbic system may affect manifestations of 

Parkinson’s disease. Mesolimbic override to many of the components of Parkinson’s disease has 

been well documented, for example, motoric activation associated with emotional distress and fear 

of injury in a fi re. 

THE PHYSIOLOGY OF TASTE

Salt, sweet, sour, bitter, unami, and possibly lipids are mediated through taste receptors on taste 

buds located primarily in the fungiform, but also circumvallate papillae. The fungiform papillae 

have the lowest threshold to salt and sweet, whereas the circumvallate are more sensitive to sweet 

stimuli [12, 13]. Cranial nerve VII, IX, and X, mediating the gustatory stimuli, enter the pons and 

pontomedullary junction, ascending and descending through the tractus solitarius, fi nally terminat-

ing topographically on the ipsilateral nucleus of the tractus solitarius with cranial nerve VII chorda 

tympani fi bers synapsing rostrally and glossopharyngeal fi bers caudially. Second-order taste neu-

rons progress through the parabrachial pontine nuclei where they diverge. One either bypasses or 

synapses in the thalamus with tertiary-order neurons progressing to the primary gustatory cortex 

in the insula. The other bypasses the thalamus and projects diffusely to the ventral forebrain with 

widespread limbic system connections. 

ETIOLOGIES OF CHEMOSENSORY DISORDERS

Nasal Obstruction 
Decreased ability to detect odors can occur secondary to nasal obstruction from adenoid hypertro-

phy. Adenoidectomy causes a recovery of the threshold of odor detection. 

Steroid-dependent anosmia is a syndrome whose triad includes inhalant allergy, nasal polyps, 

and steroid reversal anosmia [14]. Its pathology is that of polyps, which cause a mechanical obstruc-

tion preventing odorants from reaching the olfactory epithelium. 

Unknown Etiology
Acute viral hepatitis causes a reduction in olfactory sensitivity with dysgeusia and associated 

anorexia, which improve as the illness improves. Olfactory sensitivity in acute viral hepatitis is 

inversely proportional to the plasma bilirubin and directly proportional to the plasma retinal- binding 

protein level . 

Endocrine Disorders 
Several endocrine disorders are associated with anosmia. In hypothyroidism, 39% of affl icted indi-

viduals are aware of an alteration of sense of taste, 17% have dysosmia or distortion in sense of 

smell, and 39% have dysgeusia. Thyroid replacement reverses these problems. All individuals with 

both olfactory or gustatory problems and hypothyroidism have low parotid zinc levels. 

Pseudohypoparathyroidism is a syndrome that includes short stature, rounded face, mental retar-

dation, brachymetacarpia, brachymetatarsia, hypocalcemia, hyperphosphatemia, and resistance 

to parathyroid hormone. Hyposmias and hypogeusia are also seen in pseudohypoparathyroidism. 

Patients are usually unaware of their hyposmia and are unresponsive to hormones. The hyposmia 

has been well described as due to the X-linked dominant chromosome. Its onset is at birth. 

Turner’s syndrome, or chromatin-negative gonadal dysgenesis, is characterized by short stature, 

cubitus valgus, webbed neck, shield-like thorax, and XO-chromosome pattern. Though patients are 

unaware of olfactory defects, they are found to have both hyposmia and hypogeusia [15]. 
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Olfactory sensitivity of patients with adrenal cortical insuffi ciency is increased approximately 

100,000-fold over that of normal persons. Treatment with carbohydrate-active steroids (i.e., predni-

sone 20 mg q d) reduces it toward normal in 1 day. Since the olfactory response occurs prior to any 

change in electrolytes or body weight, one can postulate that endogeneous CNS carbohydrate-active 

steroids normally inhibit olfaction. 

Congenital adrenal hyperplasia is a nonhypertensive virilizing illness, in which salt is not lost. 

Increases have been found in olfactory and gustatory sensitivity. Treatment with steroids reduces 

the hypersensitivity to normal in 8 to 14 days. Long before the reduction of olfactory and gustatory 

sensitivity, 17-ketosteroids and pregnanetriol return to normal, so it is unlikely that the reduction in 

olfactory sensitivity is due to carbohydrate-active steroids alone. 

Kallmann’s syndrome involves a defi ciency of gonadotrophin-associated hypogonadism and 

impaired olfactory acuity. Clomiphene induces luteinizing hormone and follicle-stimulating hor-

mone release, which causes an increase in both gonadotrophin and testosterone. The olfactory defi -

cit does not respond to clomiphene. 

Meningiomas
Olfactory meningiomas are classically described as causing loss of ability to detect odors. These 

meningiomas, which occur along the olfactory groove, account for less than 10% of all intracranial 

meningiomas. They usually develop in middle-aged patients, with hyposmia as the fi rst, and for 

years, the only symptom. Eventually, however, the meningiomas enlarge, causing dementia and 

impaired vision. 

Temporal Lobe Lesions
The temporal lobe also has an important infl uence on olfaction. One patient, after he had a bilateral 

resection of the medial temporal lobe that involved the amygdala, uncus, anterior two-thirds of the 

hippocampus and parahippocampal gyrus, was studied for his olfactory sensitivity. Although he 

could detect odors, he could not identify them, and when given two odors, he could not distinguish 

whether they were the same or different. This suggests that the medial temporal lobe is critical for 

perception of odor quality [16]. 

Further evidence for this can be seen in temporal lobectomy patients, who demonstrate a mild, 

bilateral reduction in absolute olfactory sensitivity. In the ipsilateral nostril, odor perception is 

reduced, as is odor identifi cation. Patients with temporal lobe epilepsy who have had no surgery 

display a bilateral reduction in odor identifi cation. Of patients with temporal lobe tumors, 20% have 

an olfactory disturbance [17]. 

Coronary artery bypass surgery can cause both dysosmia and cacosmia (whereby odors are dis-

torted and previously hedonically pleasant aromas are now perceived as unpleasant). This may be 

secondary to temporal lobe infarction [18]. 

Thalamic and Hypothalamic Lesions
Estrogen-receptor-positive breast cancer patients are found to have hyposmia, possibly secondary to 

hypothalamic lesions [19]. Signifi cantly, hypothalamic lesions produce an increase in incidence of 

spontaneous mammary tumors in female rats. This suggests that a hypothalamic lesion may be the 

primary defect in both estrogen receptor positive breast carcinoma and associated hyposmia. 

Korsakoff’s psychosis involves a lesion of the dorsal medial nucleus of the thalamus. Patients 

with Korsakoff’s psychosis display an impaired ability to identify odors. The impairment is pro-

portional to the reduction in their cerebral spinal fl uid 3-methoxy-4-hydroxy-phenylethylene glycol 

(CSF MHPG), a norepinephrine metabolite [20]. CSF MHPG is reduced in Parkinson’s disease and 

in senile dementia of the Alzheimer’s type as well, and these patients also display an impaired abil-

ity to identify odors [21, 22]. It may be, therefore, that norepinephrine is important for olfaction, and 

that a drug to increase norepinephrine would increase olfactory ability. 

One such drug is d-amphetamine. This d-2 dopamine receptor agonist increased olfactory detec-

tion in rats given 0.2 mg/kg body weight. With much higher doses (i.e., 1.6 mg/kg), the rats’ ability 
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to detect odors was reduced [23, 24]. The mechanism whereby it increases odor detection ability 

is unknown. D-amphetamine may act as a reticular-activity-system stimulator. It may also act by 

increasing catecholamine levels in the olfactory tubercle, anterior olfactory nucleus, amygdala, and 

entorhinal cortex. It may stimulate the locus coeruleus to release norephinephrine, which projects to 

the lateral olfactory tract. The lateral olfactory tract then would act to inhibit granule cell discharge, 

causing a reduction in the inhibition of mitral cell discharge. The mitral cells would thus be allowed 

to fi re, causing an increase in olfactory acuity. The latter mechanism is probably not applicable 

to d-amphetamine, however, because in experiments with rats, norephinephrine depletion of the 

olfactory bulb had no effect on odor detection ability, implying that d-amphetamine operates on a 

central basis. 

Parkinsonism
Parkinsonism is associated with a decrease in odor sensitivity in 75% of cases and a reduced abil-

ity to identify odors in 90% of cases. These olfactory defi cits occur independently of age, gender, 

stage, and duration of the disease. Before they were tested, 72% of patients with Parkinson’s disease 

were unaware of their defi cits in olfaction, which tend to occur early in the disease process for those 

with dementia as well as without, and do not worsen with time [25]. In monozygotic twins with 

Parkinson’s disease, olfactory impairment has a low concordance rate, indicating that this aspect of 

the disease is probably not inherited [26]. 

Many mechanisms have been postulated for the olfactory defects associated with Parkinson’s 

disease. One is that the same environmental agent that caused the Parkinson’s disease damaged 

the olfactory pathway. A second possible mechanism is that the olfactory receptor cells actively 

transport viruses, proteins, and environmental toxins upward, bypassing the blood-brain barrier and 

directly infi ltrating the central nervous system. The substance so transported could damage both the 

olfactory epithelium and olfactory system before proceeding on to the substancia nigra to cause the 

Parkinson’s disease. A third hypothesis is that the underlying Parkinson’s disease could reduce the 

olfactory system’s resistance to viral or environmental toxins, which then could destroy olfactory 

pathways. According to a fourth hypothesis, the degenerative process of Parkinson’s disease may 

favor destruction of the olfactory pathways as it affects substancia nigra. A fi fth hypothesis is that 

reduction in CNS neurotransmitters causes reduction in olfaction. The absence of effect of Sinemet 

on olfaction in Parkinson’s disease argues against this hypothesis. In its favor is that d-2 dopamine-

receptor agonist d-amphetamine increases olfaction in rats, as mentioned. 

Aging
Olfactory defi cit begins to be demonstrated at age 35 [27, 28]. Olfaction in aging individuals has 

been extensively studied [29]. Odor sensitivity, in regard to both absolute threshold and odor iden-

tifi cation, is reduced with age. Over 50% of people between 65 and 80 years of age have major 

impairments in olfaction. For those over the age of 80 years, the proportion with major impairments 

rises to 75%. Over the age of 75 years, 25% are totally anosmic. These effects of aging parallel those 

found in other senses. 

Many possible mechanisms have been postulated for age-induced olfactory defects. One theory 

holds that degenerative processes caused by toxins and viruses produce a cumulative effect on the 

olfactory epithelium. A second theory suggests that age-related immunocompromise predisposes 

people to upper respiratory infections (URIs), which may be followed by postviral URI-induced 

anosmia. A third hypothesis suggests that in the elderly, the central neural pathway degenerates, or 

that neurotransmitters, for instance norepinephrine, are reduced. A fourth theory postulates ossi-

fi cation of the foramina of the cribiform plate with secondary occlusion and compression of the 

olfactory fi lia. None of these theories exclude any of the others. 

The implications of olfactory defi cits among the older population are important, particularly 

regarding the detection of gas used for heating and cooking. Older persons succumb to accidental 

poisonings from leaking gas at a much higher rate than do younger people; 75% of such deaths were 

among persons over 60 years of age. Among persons over 65 years of age, 30% could not smell town 
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gas in concentrations below 50 parts per 10,000, if they could smell it at all. Among those under age 

65, in comparison, 95% could smell town gas in concentrations below 20 parts per 10,000. Half of 

the people over age 60 could not detect the odor of gas at the maximum concentration allowed by 

the Department of Transportation. One-seventh of persons 70 to 85 years of age could not detect the 

odor of gas at explosive concentrations. 

In reference to ethyl mercaptan, the agent that is added to propane gas to give it a noxious odor, 

persons 70 to 85 years of age have a threshold 10 times higher than that of persons under age 70. 

This impaired olfactory ability implies impaired gustatory abilities as well, since odor forms a 

large component of the sense of taste. This may account for the fact that the older population often 

consumes an unbalanced diet, such as one lacking in vegetables. Green peppers, for instance, have 

a bitter taste and a pleasant odor, but to this group, they merely taste bitter, making it unlikely that 

these foods will be eaten. 

Also, retronasal odor perception, odor perceived while chewing and swallowing, is reduced. 

Despite this, older persons rarely complain of food lacking taste, possibly because of the slow, 

gradual loss of smell. Those who prepare food for this population should use higher concentrations 

of odorants compared with those preparing food for the young. Because of this population’s defi cits, 

foods with enhanced fl avor are preferred. 

Alzheimer’s Disease (AD)
Patients with AD are usually unaware of their olfactory defi cits [30]. Serby et al. postulated that the 

reduced odor threshold and identifi cation ability found in this disorder are secondary to reduced 

acetylcholine in the olfactory system [31]. Acetylcholine has been found to be low in the olfactory 

tubercle in patients with AD. Arguing in favor of this hypothesis is that application of nasal acetyl-

choline produces an increase in olfactory sensitivity. 

Koss et al. postulate that the decrease in olfactory sensitivity in Alzheimer’s disease is secondary 

to temporal lobe dysfunction [32, 33]. As mentioned, olfactory defects are found in individuals with 

temporal lobectomies, and the same mechanism may operate in AD. Person et al. suggest that the 

olfactory pathway is the initial site of involvement both in AD and in Pick’s disease [34]. 

In Alzheimer’s disease, neuritic plaque and neurofi brillary tangles form in the olfactory bulb, 

olfactory tract, anterior olfactory nucleus, prepyriform cortex, uncus, and corticomedial part of the 

amygdaloid nucleus. Interestingly, the anterior olfactory nucleus, the uncus, and the corticomedial 

part of the amygdaloid nucleus all receive afferent input from the olfactory bulb. In the entorhi-

nal cortex, layer II stellate cells, which are the end point for the lateral olfactory tract, are lost. 

Secondary connections of the olfactory cortex are involved with memory and cognition, including 

the amygdala, the dorsal medial nucleus of the thalamus, and the hippocampus. 

A unifi ed theory that could possibly explain the occurrence of both olfactory defi cits and AD 

is a variant of that described for Parkinson’s disease: Viruses may enter the olfactory pathway via 

the olfactory epithelium, thereby bypassing the blood-brain barrier [35]. Once inside the olfactory 

pathway, the viruses could spread into the secondary connections of the limbic system. This route 

of infection is known to operate in the case of St. Louis encephalitis and amebiasis. 

Roberts’ theory is that Alzheimer’s disease begins in the nose and is caused by aluminosilicates [36]. 

Labeled glucose placed into the oropharynx is rapidly transported transneuronally to the glomeruli 

in the olfactory bulb. From there it spreads into the olfactory projections (i.e., the nucleus of Meynert, 

the locus ceruleus, and the brainstem raphe nuclei). Aluminum and silicon are found to increase in the 

brain with aging [37]. Widely dispersed in the environment, aluminosilicates can be found in diverse 

products, including talc, deionizers, antacids, underarm spray, dental powder, cat litter, cigar ash, and 

cigarette ash. Roberts strongly recommends reducing exposure to these aerosolized toxins. 

Toxic Agents
In addition to aluminum and silicon mentioned above as possible causes of Alzheimer’s disease, 

other, more classic toxic agents, notably lead and arsenic, are well known to affect olfaction. 
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Perfume workers, varnish workers, and those exposed to cadmium dust also experience a marked 

reduction in olfactory abilities. 

In a Texas petrochemical plant, workers who smoked cigarettes showed reduced olfactory sensi-

tivity; the diminished acuity directly correlated with the amount they smoked [38]. Another aspect 

of cigarette smoking concerns its effect on the trigeminally mediated refl ex transitory apnea (the 

“took-my-breath-away” refl ex). Cigarette smoking raised the threshold of the refl ex by 67% [39]. 

The mechanism is probably secondary to smoke-induced ciliastasis, which causes a mucostasis that 

in turn induces a viscid static mucus. The viscid mucus impairs the transfer of odor molecules from 

the air to free nerve endings. Secondhand smoke may act through a similar mechanism to raise both 

olfactory and trigeminal thresholds. 

Trauma
Subfrontal exploration of the anterior fossa can stretch or tear the olfactory nerves. Surgical repair 

of a dural tear with grafts covering the cribiform plate can block regenerating stem cells. 

Head injury is a common cause of olfactory defects. Many possible mechanisms have been sug-

gested. One is that acceleration injury produces shearing forces on the olfactory nerves as they pass 

through the cribiform plate of the ethmoid bone. Fracture of the cribiform plate may compress the 

olfactory nerves or a hematoma may compress them, thereby impairing olfaction. Another theory 

suggests that the primary insult in trauma is the destruction of pathways of central connection of 

olfaction [40]. 

Averaging the results of many studies of olfaction in head injury victims, we fi nd that roughly 5% 

of victims have olfactory disorders. No correlation has been observed between the loss of olfaction 

and the age of the victim at the time of the accident, or the category of the accident. 

The incidence of olfactory disorder is proportional to the severity of the injury, but even a trivial 

injury can induce anosmia. In trauma severe enough to induce amnesia, occipital trauma is 5 times 

as likely to produce anosmia as is trauma to the forehead. 

Usually any olfactory loss occurs shortly after the trauma, but sometimes it may not occur until 

several months later. Recovery from olfactory defects usually begins during the fi rst few weeks 

after head trauma, but it can be delayed until as long as 5 years later. 

Half of the individuals with anosmia secondary to head trauma experience distorted smell in 

response to odorants. Costanzo reported on 77 persons with anosmia due to head injury: 33% recov-

ered, 27% worsened, and 40% remained unchanged. Costanzo and Becker reported on a sample of 

1167 patients: 50% recovered, except for cases where injury was so severe as to cause amnesia of 

more than 24 hours. In these cases, fewer than 10% recovered [41]. 

Temporary anosmia of short duration, often found after trauma, could be due to mechanical 

blockage of airways, nasal hemorrhaging, infl ammation, CSF rhinorrhea, or an increase in intracra-

nial pressure. Increased intracranial pressure may reduce circulation of the olfactory bulbs, causing 

secondary infarctions therein with associated anosmia. 

Nutritional Defi ciencies
Some primary nutritional defi ciency states have also been associated with chemosensory pathol-

ogy. Hypovitaminosis A induces both hyposmia and hypogeusia [42] that usually resolves within 

2 months with vitamin A replacement. The mechanism of the defi cit may be a result of epithelial 

proliferation and drying, which forms a physical barrier, preventing odorants and tastants from 

reaching their respective receptors [43]. 

Chemosensory dysfunction has also been reported in those defi cient in B complex vitamins [44]. 

Wernicke-Korsakoff syndrome, with thiamine defi ciency, demonstrates hyposmia [20]. 

Dysosmia and dysgeusia are seen in those with reduced B12 levels and pernicious anemia 

[44, 45]. 

Hypocupria causes a reversible hypogeusia and is responsive to both copper sulfate and zinc 

sulfate [46, 47]. 

TAF-67621-08-0801-C003.indd   49TAF-67621-08-0801-C003.indd   49 12/19/08   7:30:54 PM12/19/08   7:30:54 PM



50 Food and Nutrients in Disease Management

Patients with anosmia induced by head trauma have been found to have reduced total serum 

zinc and increased total serum copper. This same chemical imbalance is found in the syndrome of 

idiopathic hypogeusia with dysgeusia, hyposmia, and dysosmia. The importance of zinc is further 

demonstrated in patients treated with L-histidine, which induces zincuria, causing a secondary 

hypozincemia and reduced total body zinc. This, in turn, causes hypogeusia, hyposmia, anorexia, 

dysgeusia, and dysosmia. All of these symptoms are corrected by treating the patient with zinc. 

Improvement occurs even when the patient is still receiving L-histidine. 

The pathophysiology of hypozincemia may be like that of hypovitaminosis A, a structural bar-

rier due to production of hyperkeratosis [48]. 

IV. PATIENT EVALUATION

When chemosensory disorders are associated with some of the underlying conditions mentioned 

above, it is important to diagnose the treatable medical conditions. This assessment is more relevant 

among hospitalized persons where the incidence of olfactory impairment is probably greater than 

among the general population [49, 50]. 

Standard medical [51] and neurological texts [52–54] indicate that assessment of the olfactory 

nerve, cranial nerve I (CNI), is an essential part of a complete neurological examination. Given the 

likelihood of olfactory dysfunction among hospitalized patients, particularly those with neurologi-

cal disorders, olfactory testing should be routine. 

DIAGNOSES ASSOCIATED WITH OLFACTORY IMPAIRMENT 

Lack of olfactory data may impair diagnostic accuracy. For example, Post’s pseudodementia, which 

does not involve olfactory impairment, is often misdiagnosed as Alzheimer’s disease [55], which 

does involve olfactory impairment. In recent experiments, Solomon, Patrie et al. demonstrated that 

olfactory testing can aid in distinguishing these disorders [56]. Similarly, olfactory defi cits are seen 

in idiopathic Parkinson’s disease but not 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-

induced Parkinson’s disease [57], progressive supranuclear palsy [58], or essential tremor [59]. 

Olfactory defi cits are seen in a substantial proportion of those with sinusitis or migraines, but not in 

those with cluster headaches [60–62]. 

Olfactory defi cits may be the fi rst manifestation of an underlying disease state. Without olfactory 

data, B12 defi ciency [5, 63] and olfactory groove meningiomas [64], which display olfactory dys-

function early on, may remain undetected until more serious neurological defi cits occur. Psychiatric 

disorders, including general anxiety disorder [65] and sexual dysfunction [66], also are associated 

with olfactory dysfunction; thus, detection of olfactory defi cits may signal the possibility of these 

conditions. 

Assessment of CNI allows detection of hyposmia or anosmia regardless of its origin. Patients 

may then receive medications, vitamins, food supplements [67], or special treatment to correct the 

underlying pathology, for example, polypectomy for nasal polyps [68], steroids for allergic rhinitis 

[69]. Appropriate counseling emphasizes risks to personal safety such as spoiled or oversalted food, 

gas leaks, and smoke [70, 71]. Lifestyle changes, such as food tasters and gas detectors, can be 

advised. 

ASSESSING OLFACTION

Self-recognition of olfactory defi cits is poor. Geriatric patients and those with neurogenitive disor-

ders such as Alzheimer’s disease doften are unaware of their olfactory losses [80]. Of those with 

Parkinson’s disease, fewer than 15% recognize their olfactory defi cits [25]. Younger people also 

lack insight into such problems. Half of anosmic workers exposed to cadmium [81], and 100% of 

hyposmic chefs [82], were unaware of any defi cits. And, according to an unpublished study by this 
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author, 87.5% of hyposmic or anosmic fi refi ghters were unaware of their defi cits. Thus, to limit 

 testing to those who complain of problems would leave many cases of smell loss undetected. 

Simple and easy ways to assess olfaction include the presentation of readily available fragrant 

substances such as coffee, almond, lemon, tobacco, anise, oil of clove, toothpaste, eucalyptus, 

vanilla, peppermint, camphor, rosewater, and soap [51–54]. In addition, formalized tests of olfac-

tion are widely available, including the Chicago Smell Test [72, 73], the University of Pennsylvania 

Smell Identifi cation Test (UPSIT) [74], the olfactory threshold test of Amoore [75], and the Alcohol 

Sniff Test [76–79]. 

Given the prevalence of olfactory disorder, the ease of testing it and the substantial evidence that 

identifying such impairment can enhance accuracy of diagnoses, it seems well worth physicians’ 

time and effort to test olfaction. Moreover, patients suffering from hyposmia and anosmia can be 

treated and advised to take precautions to reduce such risks to their safety as spoiled food and leak-

ing gas. 

Yet anecdotal evidence and medical literature suggest that in clinical practice, CNI is rarely 

tested [54]. To evaluate, we reviewed histories and physical examinations in 90 patient charts at a 

Chicago teaching hospital. Charts were selected from all adult patients admitted to this hospital 

from April through September 1988 who met the following criteria: a neurologic diagnosis upon 

discharge; ability to follow directions and respond verbally; and not intubated, comatose, or admit-

ted to an intensive care unit. None of the 94 physical exams performed by attending-level internists 

and neurologists indicated that CNI was tested. While four charts (4.2%) note “cranial nerves intact” 

or “neuro exam grossly normal,” thereby implying that olfactory testing may have been performed, 

it appears to have been an overgeneralization.

A number of factors may account for this olfactory testing lacuna. Traditional tests lack standard-

ization and those that are standardized are diffi cult to perform at the bedside. Traditional tests, such 

as holding vanilla, cloves, or coffee to the patient’s nose, are not administered in a controlled man-

ner [94], and there are only a few standardized tests of olfactory ability, including the Chicago Smell 

Test [72, 73], threshold tests of Amoore [75], the olfactory test of the Connecticut Chemosensory 

Clinical Research Center [95], and the most widely used test, the University of Pennsylvania Smell 

Identifi cation Test (UPSIT) [96], a 40-question scratch-and-sniff test, adjusted for age and sex, the 

results of which have been validated in nearly 4000 normal controls [74]. 

Diffi culties with these standardized tests prevent their widespread use. The Chicago Smell Test 

is not widely available. Individual odor olfactory threshold tests from Olfacto-Labs require several 

bulky bottles and so are not practical for the clinician [97]. The UPSIT requires the patient to 

provide 40 responses and so requires a substantial amount of time to administer, and patients with 

cognitive dysfunction may have diffi culty completing it. 

Alternatively, the Alcohol Sniff Test (AST) [76–78] can easily be performed at the bedside, even 

with children [98] and those with cognitive impairment [79]. The AST is rapid, cost-effective, and 

requires only a tape measure and an alcohol pad, and thus would seem ideal for use in a clinical set-

ting. Olfactory ability is quantitatively determined by placing the 0 cm marker of the tape measure 

at the philtrum. With the patient’s eyes closed, an alcohol pad, one-quarter exposed, is placed at the 

40 cm marker and gradually moved inward on inhalation at 1 cm/s until detected. This is repeated 

four times, waiting 45 s between each test, and the results are averaged. If detection is greater than 

or equal to 17 cm, it indicates normosmia; detection between 8 and 17 cm indicates hyposmia; and 

detection at less than 8 cm suggests anosmia. The AST has been validated in comparison to thresh-

old testing [76], and threshold testing correlates with the UPSIT [99]. 

A statistically signifi cant correlation exists between the UPSIT and AST. UPSIT scores, in addi-

tion, are used to discriminate among anosmic, hyposmic, normosmic, and malingering patients. 

At the risk of deblaterating, the AST can grossly be interpreted such that if alcohol can be 

detected beyond the chin, olfaction is normal. Using this method is both time effi cient and validated 

as a screen for olfactory defi cit. More detailed testing such as the UPSIT, functional MRI, and so 

on, can then be performed on those with an abnormal AST. 
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V. TREATMENT

Chemosensory disorders have been shown to be responsive to several nutritional approaches. 

REPLETING NUTRIENTS

Phosphatidylcholine 
Acetylcholine is important in olfaction as evidenced by the fact that a normal person’s olfactory 

sense is impaired by taking scopolamine, which decreases the effect of acetylcholine. We cannot 

ascribe this impairment to drying of the nasal mucus since drying actually improves olfaction [100], 

so we ascribe it to a decrease in acetylcholine. As further evidence of the importance of acetylcho-

line in olfaction, patients with senile dementia of the Alzheimer’s type lose their ability to detect 

and identify odors relatively early; in this disease, reduced choline acetyltransferase causes a reduc-

tion of acetylcholine in the basal nucleus of Meynert [101]. Phosphatidylcholine is converted via 

choline acetyltransferase into acetylcholine. Thus, choline provides the essential precursor [102]. 

The amount of choline circulating in the body affects its content in the brain and affects release 

of acetylcholine in the CNS. Insuffi cient choline impairs nerve cells’ ability to transmit messages 

across synapses. By supplementing choline, therefore, we can amplify these messages in some 

forms of chemosensory disorders [103]. 

Phosphatidylcholine has been used to increase blood choline, brain choline, and brain acetylcho-

line levels in patients with brain diseases associated with impaired acetylcholine neurotransmission, 

such as tardive dyskinesia [104]. Due to its central role in the composition and function of neuronal 

membranes, phosphatidylcholine has also been used for patients with brain diseases associated with 

dissolution of neuronal membranes such as Alzheimer’s disease [105]. By providing phosphatidyl-

choline to hyposmic patients, we may enhance their acetylcholine and improve olfaction. 

In an open-label followed by a double-blind trial of phosphatidylcholine at 9 g/day for 3 months, 

mixed results were seen. A 40% improvement on the open-label study was followed by a negative result 

on the double-blind study. However, this could be due to a fl aw in the study design. It may be sugges-

tive that several experimental subjects dropped out of the double-blind trial with phosphatidylcholine, 

saying that they disliked the taste of licorice. Since none of the patients voiced this complaint initially, 

it seems possible that their sense of smell, and therefore of taste, improved during treatment, making 

them more aware of the licorice taste. None of the control subjects who dropped out mentioned the 

licorice taste as a reason [106]. Given the above, in those with idiopathic hyposmia or anosmia, we 

often start a 3-month trial of phosphatidylcholine (Phoschol) at 9 g/day in three divided doses. 

Thiamine 
While a pilot trial of thiamine 100 mg/day showed no effect, anecdotally some anosmic and hypos-

mic patients showed remarkable improvement with this treatment [107]. 

Vitamin A
Since vitamin A exists in the olfactory epithelium and could be involved in olfactory neuron regen-

eration, it theoretically could improve hyposmia or anosmia [108]. 

Of 56 anosmic patients studied, 89% who underwent intramuscular vitamin A injections regained 

full or partial olfactory ability. Oral retinoid treatment (Etretinate) has also been reported to be 

effective [109]. Patients with cirrhosis and hypovitaminosis A display improvement in both taste 

and smell thresholds in response to vitamin A treatment [110]. 

Caffeine
Caffeine inhibits adenosine receptors and thus may facilitate taste sensitivity. Although study results 

are mixed, there is a suggestion that topical caffeine enhances taste to sweet and bitter [111, 112]. 
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Zinc
Zinc has undergone a peripetic course as the standard-bearer for treatment of smell and taste disor-

ders. The zeitgeist of zinc was in the 1960s and 1970s when a series of articles suggested its effi cacy 

in a wide range of chemosensory disorders [47, 113, 114]. Zinc was originally used during the polio 

epidemic in an attempt to prevent spread of the disease to victims’ families. Family members were 

treated intranasally to destroy the receptor neuroepithelium. The stratagem was effective only for 

several months, since stem cells proliferated and underwent transformation into fully developed 

bipolar olfactory receptor cells, thus allowing the treated persons again to be exposed to the polio 

virus. This effect of zinc was the basis for the idea of using zinc on the stem cells of anosmics to 

stimulate the development of bipolar olfactory receptor cells. 

The frequent association between olfactory impairment and exposure to trace metals suggests 

another rationale for using zinc. Mercury, lead, cadmium, and gold have been associated with 

olfactory dysfunction. Iron defi ciency alters taste and food selection. Zinc metabolism is abnormal 

in such altered physiologic states, with hyposmia, as liver disease and fi rst trimester pregnancy. 

Hypothyroid patients with hyposmia and hypogeusia have low parotid zinc levels. Treatment with 

Synthroid improves olfaction and taste as it returns parotid zinc levels to normal. Patients with post-

infl uenza hypogeusia and hyposmia have low parotid zinc and low serum zinc. 

Clinical trials have not produced the results one might anticipate from the observations above. 

A study of 106 patients with hypogeusia following infl uenza revealed that although zinc treatment 

corrected their low serum levels, it did not improve hypogeusia and hyposmia. A double-blind, 

crossover trial did not demonstrate effi cacy of zinc and treatment of hypogeusia [115]. Another 

paper, comparing zinc-treated versus non-zinc-treated patients, found no difference in taste ability 

[116]. Moreover, zinc is not necessarily benign; toxicity may occur. At 100 mg/day, a level at or 

below suggested therapeutic doses, inhibition of immune function, anemia, and neutropenia have 

been reported [117]. 

We have anecdotally found zinc to be remarkably effective in postcardiac transplantation dysos-

mia and hyposmia, despite the presence of normal zinc levels [118]. Zinc at concentrations beyond 

those in a multivitamin should be used with caution. I would consider only using zinc with labora-

tory evidence of hypozincemia or specifi c states where zinc has demonstrated effi cacy including 

cirrhosis, dialysis, D-penicillimine treatment, and age-related macular degeneration. 

INCREASING PATIENT AWARENESS OF ALTERED EATING HABITS

Chemosensory disorders in general are linked to changes in food selection. Most notably there is 

an aversion to foods that are bitter in taste and sweet in smell, as in dark chocolate, coffee, green 

peppers, and other green leafy vegetables. Also, a predilection develops toward more textured and 

trigeminally mediated foods, as sensory compensation for loss and in an attempt to recreate a sapid 

experience, with such foods as sushi or hot chili peppers. 

Table 3.1 presents the different types of chemosensory impairment and the resulting impact on 

food selection and body weight:

For congenital chemosensory dysfunction, no signifi cant difference in weight, eating pat-• 

terns, or food preferences compared to normosmics exists. 

People with acquired, noncongenital chemosensory dysfunction experience changes in • 

food preferences and enhanced intake of salt and sugar. 

People with dysgeusia tend to ingest intense trigeminal stimuli, like mint, in an attempt to • 

overcome the unpleasant sensation. 

In those with chemosensory loss, about 10% gain a substantial amount of weight, possibly • 

increasing eating due to the narcissistic drive for the sensory experience or a lack of sen-

sory specifi c satiety. An approximately equal number lose weight, possibly secondary to 
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lack of interest in food or an associated depression, or due to the hedonically unpleasant 

distortion in the taste of foods. 

Dysguesia triggers most noted and avoided include meats, fresh fruits, coffee, eggs, car-• 

bonated beverages, and vegetables [119]. 

Among patients with anorexia there is an elevation in sour and bitter recognition thresh-• 

olds, but there is no abnormality in sweet or salt taste detection thresholds. Neither are 

there abnormal sweet superthreshold intensity judgments or detection threshold in anorex-

ics or bulimics [120–122]. Furthermore, anorexics demonstrated an aversion to high-fat 

foods, but this may have been due to texture rather than taste [123]. 

In those with obesity there are normal sweet taste thresholds and normal sweet super-• 

threshold intensity judgments [124–127]. In regard to sweet hedonics, studies are incon-

clusive with results suggesting more, same, or less sweet preference [125, 126, 128, 129]. 

While high-fat, low-sugar mixtures appear to be preferred in the obese [130], not all stud-

ies confi rm this preference [131, 132]. Diverse results from studies suggest that presently 

unidentifi ed subgroups of taste response exist among those with obesity and chemosensory 

disorders.

Bringing awareness to the predispositions of food selection can help some patients moderate 

their food selection.

USE OF TASTANTS

Olfactory stimulation through intermittent odor presentation has previously been demonstrated to 

have effi cacy in weight reduction [133]. Powdered crystallized tastants were demonstrated to induce 

weight loss in 108 people over 6 months [134]. We replicated the above study with a sample size of 

1436 obese and overweight participants. 

Nonnutritional, noncaloric, nonsalt fl avors were crystallized and pulverized into a powdered 

form, each with a different basic fl avor. Each participant was given sweet and savory tastants, pre-

sented as pairs in the order of cheddar cheese and cocoa, onion and spearmint, horseradish and 

banana, ranch dressing and strawberry, taco and raspberry, and parmesan and malt, and instructed 

to sprinkle these on whatever they ate—the savory fl avors on salty foods, the sweet fl avor on sweet 

foods—and otherwise not to change their eating or exercise routines. 

Over a 6-month period, use of tastants was associated with a 30.5 pound weight loss or 14.7% 

of body mass. We hypothesized that this modality may be less effective in those who suffer from 

chemosensory dysfunction. This may particularly apply to those over the age of 35, the age at which 

olfactory ability starts to fade, and to men, whose baseline olfactory ability is worse than that of 

women [28, 135]. 

Several underlying mechanisms may contribute to weight loss. The tastants may enhance fl a-

vor. They may cause people to focus on eating and create mindful awareness of eating. The tastes 

themselves may increase the release of cholecystokinin (CCK) or cause CCK to be released earlier 

so satiety is reached before as many calories are consumed (sensory specifi c satiety augmenting 

alliesthesia). The tastants may make foods taste the same and remove the interest of food. The 

tastants might be socially awkward in some situations so the participants choose not to eat. The 

tastants may act to restore sensory perception of food. The tastants may infl uence food selection 

to more healthful foods. Tastants are new and novel and may add renewed interest to dieting. The 

tastants reinforce chronobiology and may therefore prevent dyssynchronosis, which is associated 

with weight gain. 

The tastants we studied are commercially available.* In addition, patients can use their nose to 

help them lose weight by sniffi ng food before eating it, blowing bubbles in food, eating foods hot, 

* The Sensa Weight Loss System can be accessed at www.scienceofsmell.com.
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and chewing food throughly. These strategies enhance the olfactory chemosensory intensity of the 

food, and induce early satiety. 

VI. SUMMARY

Compromised senses of smell and taste infl uence food selection, food preparation, and dietary 

patterns. Chemosensory impairments tend to have insidious onset and many patients are therefore 

unaware that these sensations are diminished or altered. Physicians can diagnose chemosensory 

disorders using a simple screening test. Familiarity with the medical conditions and iatrogenic 

factors can increase clinical suspicion of smell and taste impairment. Diagnosis can bring aware-

ness to patients for altered food habits and issues pertaining to home safety. It can also assist cli-

nicians in identifying underlying nutrient defi ciencies that can be repleted. Tastants, spicy foods, 

and greater awareness in eating can help overcome some of the physiologic consequences of 

diminished taste. Unlike a chimera, an invisible universe at the tip of our nose is ripe for future 

exploration! 
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4 Dyslipidemia and 
Atherosclerosis

Douglas W. Triffon, M.D., and Erminia M. Guarneri, M.D.

I. INTRODUCTION

The prevention of cardiovascular disease requires a global approach to risk factor reduction. The 

benefi t of targeting multiple risk factors has been reported in several recent trials [1, 2]. A 50% 

reduction in cardiovascular events can be achieved in diabetic patients with concomitant treatment 

of hypertension, hyperlipidemia, elevated glucose, smoking, excess weight, poor diet, and lack of 

exercise [2]. The additive effects of nutrient supplementation on top of standard therapy have been 

the focus of several recent trials [3, 4]. Omega-3 oils can decrease cardiovascular events when added 

to usual therapy post–myocardial infarction. A meta-analysis of folate therapy trials reveals a sig-

nifi cant reduction of stroke by 18% [5]. Vitamin D defi ciency may increase cardiovascular risk fac-

tors and cardiac disease. Nutrient supplementation should be considered as part of a global strategy 

to lower cardiovascular risk.

II. EPIDEMIOLOGY

Atherosclerosis has become one of the major progressive lifelong diseases in the modern era, affect-

ing the lives of one out of two men, and one out of three women. In the United States, 13 million 

people have a history of coronary heart disease. Each year, 1.2 million new cases of myocardial 

infarction or fatal coronary heart disease occur. Coronary heart disease is the leading cause of death 

in the United States, accounting for 37% of deaths in men and 41% of deaths in women. The disease 

starts silently in adolescence and slowly progresses throughout life. It results in clinical events usu-

ally after 55 years of age in men and after 65 years of age in women. Events occur earlier in life in 

those with clustering of multiple risk factors such as cigarette smoking, diabetes, low high density 

lipoprotein (HDL), elevated lipoprotein(a), small dense low density lipoprotein (LDL), and recently 

recognized genetic polymorphisms. 

III. PATIENT EVALUATION

OVERALL RISK ASSESSMENT

Modern lifestyles contribute to the development of vascular disease through job stress, lack of time 

to exercise, and diets high in fat and refi ned carbohydrates and low in fruits and vegetables. The 

Interheart Study defi ned the relative risks for acute myocardial infarction of various cardiovascular 

risk factors in a population of 29,972 subjects from 52 different countries [6]. Nine risk factors were 

found to account for 90% of the population’s attributable risk in men and 94% of the risk in women 

(see Table 4.1). 
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Smoking and raised Apolipoprotein B to Apolipoprotein A1 ratio were the strongest risk factors 

for acute myocardial infarction. Avoiding smoking, and eating a diet low in fat and high in fruits 

and vegetables, together with regular physical exercise, would reduce the risk of myocardial infarc-

tion by 75%. 

The results of the Interheart Study revealed that hyperlipidemia was the most important risk 

factor overall in terms of population attributable risk of 49.2%. Results underscore the importance 

of controlling the risk of elevated lipids in clinical practice. Our current guideline framework for 

cholesterol treatment is based on estimated short-term risk of cardiovascular disease, which could 

have an undesirable consequence. It may encourage the delay in treatment of a lifelong disease and 

may not make the practitioner truly aware of the high lifetime risk of many of the patients in his or 

her practice. One-third of patients who sustain a heart attack each year are in the low-risk group, 

according to the Framingham 10-year risk. A second third of heart attacks each year occur in the 

intermediate risk group. The risk of the heart attacks was missed by the traditional Framingham 

risk score and the opportunity to prevent the cardiovascular event was also missed. Lifetime risk 

of cardiovascular disease is another time frame to assess and enter into treatment decisions. The 

lifetime risk of cardiovascular disease has been studied in 7926 subjects from the Framingham 

Heart Study who were 50 years of age and were free of cardiac disease [7]. The results indicate that 

more than 50% of men and 40% of women will develop cardiovascular disease during their life. The 

presence of diabetes confers the highest lifetime risk of heart disease of 67%, which underscores 

its place in the Adult Treatment Panel (ATP) III guidelines as a coronary equivalent risk factor (see 

Table 4.2). Cholesterol of more than 240 mg/dL at age 50 years confers in men a 65% lifetime risk 

of cardiovascular disease. The same total cholesterol of greater than 240 mg/dL confers a lifetime 

risk of cardiovascular disease of 48% in a woman. An elevated blood pressure between 140 to 

159 mmHg systolic and 90 to 99 mmHg diastolic confers a lifetime risk of cardiovascular disease 

of 62% in men and 52% in women. The total cholesterol and blood pressure elevations studied are 

common in clinical practice and carry a higher long-term risk that the physician or patient often 

TABLE 4.2
Lifetime Risk of Cardiovascular Disease
Risk Factor Lifetime Risk Men Lifetime Risk Women

Total cholesterol > 240 mg/dL 64.6% 48.3%

Blood pressure >140–159/90–99 61.6% 52.3%

Diabetes 67.1% 57.3%

Smoking 51.5% 39%

Obesity (BMI>30 kg/m2) 58% 43%

TABLE 4.1
Results of the Interheart Study
Cardiovascular Risk Factor Relative Risk Percent Attributable Risk

Smoking

Elevated Apolipoprotein B/Apolipoprotein A1

Hypertension

Diabetes

Abdominal obesity

Psychosocial factors

Daily consumption of fruit and vegetables

Regular alcohol consumption (>=3/week)

Regular physical activity

2.87

3.25

1.91

2.37

1.12

2.67

0.7

0.91

0.86

35.7%

49.2%

17.9%

9.9%

20.1%

32.5%

13.7%

6.7%

12.2%
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does not appreciate. Optimizing risk factors can reduce the  long-term risks to 5% in men and 8% 

in women and extend survival by 11 years in a man and by 8 years in a woman. The physician can 

assess the 10-year Framingham risk and the lifetime risk and treat any patient with a lifetime risk 

of greater than 40% as high risk. 

LDL CHOLESTEROL

LDL cholesterol has been the main target of therapy in reducing the risks of hyperlipidemia. Multiple 

trials have substantiated the success of lowering LDL cholesterol in reducing cardiac events. 

A meta-analysis of 14 randomized trials including 90,056 participants reported a 12% relative 

reduction in total mortality over 5 years for every 40 mg/dL decrease in LDL cholesterol [8]. Yet, 

residual cardiovascular risk remains after treating to goal LDL cholesterol as revealed by multiple 

studies such as the 4S Trial, Lipid Trial, Care, Heart Protection Trial, West of Scotland Trial, and 

Afcaps/TEXcaps Trial. Seventy-fi ve percent of cardiovascular events still are occurring in these tri-

als of LDL reduction. More intensive LDL cholesterol lowering to 70 mg/dL leads to a further 16% 

relative reduction in events as seen in a pooled analysis of the Prove-IT, Ideal, and TNT Trials, but 

residual risk still remains. Possible causes of this residual risk appear in Table 4.3.

Residual risk may remain once LDL cholesterol is lowered if triglycerides remain elevated. 

A report from an analysis of 4849 middle-aged men followed for 8 years indicated that triglycer-

ides were an independent risk factor for coronary heart disease at any level of LDL cholesterol [9]. 

A recent meta-analysis of 29 prospective studies, which assessed the independent risk of triglyc-

erides in 262,525 participants, reported an adjusted odds ratio of 1.72 for the highest tertile of 

triglycerides versus the lowest tertile [10]. The Prove-IT Trial reported a lower composite endpoint 

of death, myocardial infarction (MI), and recurrent acute coronary syndrome with a triglyceride of 

less than 150 mg/dL independent of LDL [11]. Each 10 mg/dL lowering of triglycerides resulted 

in a 1.6% lower incidence of the composite endpoint. The lowest incidence of events occurred in the 

subgroup with an LDL less than 70 mg/dL, triglyceride less than 150 mg/dL, and an hsCRP less than

2 mg/L. Results underscore the need to treat beyond LDL in order to maximize risk reduction.

TABLE 4.3
Possible Causes of Residual Cardiovascular Risk at Goal LDL-C
Low HDL cholesterol

Lp(a)

Small dense LDL cholesterol

Elevated apo B or particle number LDL-P

Elevated trigylcerides

Remnant particles

Impaired fasting glucose

Hypertension

Infl ammation

Elevated thrombotic risk factors

Metabolic syndrome

Phytosterol absorption

Genetic polymorphisms

Smoking

Postprandial lipemia

Lack of exercise

High fat diet

Diet low in fruit and vegetables

Stress

Chronic renal disease
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NON-HDL CHOLESTEROL

Non-HDL cholesterol is a helpful way to assess the combined risk of LDL cholesterol and triglycer-

ides. Non-HDL cholesterol can be computed by subtracting the HDL from the total cholesterol and 

is more predictive of risk than LDL. The relative merits of LDL versus non-HDL cholesterol were 

compared in an analysis of 5794 subjects from the Framingham Study followed for 15 years [12]. 

An elevated non-HDL cholesterol increased the risk at any level of LDL, but LDL did not add to the 

risk prediction of non-HDL cholesterol. The superior risk prediction of non-HDL cholesterol was 

found in subjects with triglycerides under 200 mg/dL as well. The targets for non-HDL cholesterol 

are 30 mg/dL higher than the target for LDL. Both LDL and non-HDL cholesterol goals should be 

achieved to reduce residual risk (see Table 4.4).

APO B

Apo B has also been reported to be a better predictor of cardiac risk than LDL cholesterol and is 

an alternative to non-HDL cholesterol as a more comprehensive molecule to measure in clinical 

practice [12]. Apo B refl ects the number of atherogenic particles in VLDL and LDL, while non-

HDL represents the concentration of cholesterol carried in these particles. The Health Professionals 

Follow-up Study assessed the relative risk of apo B versus non-HDL in predicting nonfatal MI or 

coronary heart disease death in 6 years of follow-up [12]. The relative risk for apo B was 3.01 versus 

2.76 for non-HDL and 1.81 for LDL. Both apo B and non-HDL cholesterol were stronger predictors 

of risk than LDL, though particle number, as refl ected in apo B, was more predictive than the cho-

lesterol content carried in these particles. Whether apo B should be incorporated into the guidelines 

remains controversial. It would add cost, but can be measured nonfasting. Non-HDL would not 

increase costs and also can be measured nonfasting.

Residual cardiovascular risk is also associated with low HDL even on statin treatment. Thirty-

fi ve percent of adult men have HDL less than 40 mg/dL, and 39% of adult women have an HDL 

less than 50 mg/dl. For every decrease in HDL of 1 mg/dL, the risk of coronary heart disease 

increases 2% to 3% [13]. The TNT Trial reported the predictive value of HDL in 9770 patients 

with coronary heart disease [14]. HDL was found to be predictive of cardiovascular events in 

these statin-treated patients, even in patients with LDL less than 70 mg/dL. Similar data have been 

reported from the 4S, Care, and Lipid trials [13]. Low HDL continues to predict increased risk 

despite statin treatment and very low LDL levels. Whether raising HDL in statin-treated patients 

decreases clinical events is the subject of the ongoing AIM-HIGH Trial. This trial will test the 

effect of extended release niacin and simvastatin versus simvastatin alone on cardiovascular 

outcomes.

LP(A)

Another risk factor that may increase risks beyond LDL is Lp(a). Lp(a) was reported to be an inde-

pendent predictor of cardiovascular risk in the Procam Study. A total of 4849 men were followed 

TABLE 4.4
LDL and Non-HDL Cholesterol Treatment Goals
Risk Category LDL-C Goal Non-HDL-C Goal

High risk (CHD or CHD risk equivalent) 100 mg/dL optional goal 70 mg/dL 130 mg/dL optional goal 100 mg/dL

Moderate risk (10 yr risk < 20%) 130 mg/dL 160 mg/dL

Low risk (0–1 risk factors) 160 mg/dL 190 mg/dL
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for 8 years and the primary endpoint was nonfatal MI and cardiovascular death. The relative risk 

for Lp(a) was found to be 5.3 versus 4.3 for LDL. The Framingham Offspring Study reported the 

risk of coronary heart disease from Lp(a) in 2919 men followed for 15.4 years [17]. Elevated Lp(a) 

was an independent risk factor for coronary heart disease and was similar in magnitude to a total 

cholesterol of 240 mg/dL or an HDL below 35 mg/dL. 

Lp(a) may carry the majority of oxidized phospholipids found on apo B. Tsimikas et al. reported 

from a 10-year analysis of the Bruneck Study that there was no difference in the risk prediction 

of cardiovascular disease between plasma levels of oxidized phospholipids on apo B and Lp(a) 

levels [19]. Both predicted future events independent of traditional risk factors. The risk of Lp(a) 

was increased by higher levels of Lp-PLA2 activity. Lp-PLA2 further oxidizes phospholipids on 

Lp(a) and hence may amplify its risk. An elevated Lp(a) in the presence of an elevated Lp-PLA2 

can increase risk up to 3.5-fold. Patients who have elevation of both factors may be at much higher 

risk than the LDL itself might predict because of this synergistic effect on oxidized phospholipids. 

Lp-PLA2 is a lipoprotein-bound phospholipase that is secreted by monocytes and macrophages. 

Eighty percent is bound to LDL and 20% is bound to HDL and VLDL. Lp-PLA2 binds to apo B on 

LDL and preferentially binds to small dense LDL. Lp-PLA2 generates two proinfl ammatory lipid 

mediators, lysophosphatidylcholine and oxidized nonesterifi ed fatty acids. A meta-analysis of 14 

studies of Lp-PLA2 involving 20,549 subjects revealed that Lp-PLA2 was an independent predictor 

of cardiovascular disease with a relative risk of 1.6 [20]. Lp-PLA2 is additive to the risk prediction 

of high-sensitivity CRP (hsCRP) in patients with LDL less than 130 mg/dL [18]. Lp-PLA2 levels do 

not correlate with levels of hsCRP. 

HSCRP

HsCRP is an acute phase reactant and has a higher variability than other lipid risk factors. Two 

separate measurements of hsCRP averaged, and optimally 2 weeks apart, are adequate to determine 

a person’s risk. If a value of hsCRP of over 10 mg/L is found, then a search for intercurrent infec-

tion or infl ammation should occur and the value should be disregarded and repeated in 2 weeks. 

Low-risk hsCRP is 1.0 mg/L; average risk is 1.0 to 3.0 mg/L; and high risk is greater than 3.0 mg/L. 

The high-risk hsCRP has a two-fold increase in relative risk. Clinical events are reduced more 

effectively when both LDL and hsCRP are lowered. The effects of statins on lowering hsCRP are 

independent of their effects on lowering LDL. Data from the Prove-IT Trial revealed that the low-

est risk of recurrent myocardial infarction or death from coronary causes among 3745 patients with 

acute coronary syndromes occurred when both an LDL level of less than 70 mg/dL and an hsCRP 

of less than 2 mg/L were achieved [22]. The risk of recurrent events of an hsCRP of greater than 

2 mg/L was similar to the risk of LDL cholesterol of greater than 70 mg/dL. Similar data have been 

reported from the Afcaps/TEXcaps Trial. 

LIPID RATIOS 

In general, lipid ratios are more predictive of cardiovascular risk than individual lipid values [23]. 

Whether apo B/apo A-1 ratios are superior to TC/HDL ratios is controversial in the literature. Both 

the Interheart Study and Afcaps/TEXcaps Trial reported that the apo B/apo A-1 ratio was the best 

lipid predictor of risk. The EPIC-Norfolk Study did not fi nd any improvement in the risk predic-

tion of cardiovascular events in a primary prevention population of apo B/apo A-1 versus TC/HDL 

ratio [24]. The EPIC-Norfolk Study included very few diabetics and excluded statin-treated sub-

jects. Both of these groups have less risk prediction by cholesterol content versus particle number. 

Nevertheless, a more global assessment of risk would incorporate one of these ratios along with a 

measure of infl ammation. Ridker showed that adding hsCRP to TC/HDL ratios does signifi cantly 

improve risk prediction [23]. Lp(a) may independently predict risk and may be especially useful 

when there is a strong family history of premature heart disease. Apo B/apo A-1 ratio combined 
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with hsCRP and Lp(a) may comprise a global lipid target that may help to better assess the residual 

risk in patients that is missed by lowering only LDL. 

HOMOCYSTEINE

McCully fi rst described homocysteine as a vascular disease risk factor in 1969 [25]. He reported 

the autopsy fi ndings from children who died of homocysteinuria and hypothesized that elevated 

homocysteine levels may be linked to atherosclerosis. Homocysteine is an intermediate metabo-

lite in the metabolism of the amino acid methionine to cysteine. There are two enzyme systems 

that are important in this conversion, methylenetetrahydrofolate reductase and cystathionine beta-

synthase. Folate, B6, and B12 are cofactors that are needed for proper function of these enzymes. 

Homocysteine increases thrombogenicity of the blood, damages the endothelium, and increases 

oxidation. 

Several epidemiologic studies have established a correlation between homocysteine levels and 

cardiovascular mortality [26, 27]. A meta-analysis of 30 studies confi rmed an independent relation-

ship between homocysteine and ischemic heart disease and stroke [28]. Two prospective treatment 

trials of homocysteine have had mixed results. The NORVIT Study investigated the effect of homo-

cysteine lowering in 3749 men with recent MI. Subjects were randomized to one of four treatments: 

the combination of 800 μg of folic acid, 400 μg of B12, and 40 mg of B6; or 800 μg of folic acid 

with 400 μg of B12; or 40 mg of B6 alone; or placebo. Homocysteine levels were lowered by 27% 

in both groups that were treated with combinations that contained folic acid and B12. Folate levels 

increased by fi ve- to six-fold, and B12 levels increased 60% in the combination therapy groups. 

There was no decrease in homocysteine in the group treated with B6 alone. The primary endpoint 

of the trial was a composite of fatal and nonfatal MI, fatal and nonfatal stroke, and sudden cardiac 

death. There was no benefi t of any of the treatment regimens on the incidence of the primary out-

come. There was a trend toward an increase of events in the combination therapy group that con-

tained folic acid, B12, and B6 (relative risk, 1.22; 95% confi dence interval, 1.00 to 1.50; P = 0.05).

The HOPE 2 Trial studied 5522 patients with cardiovascular disease or diabetes. Treatment was 

randomized between a combination of 2.5 mg folic acid, 1 mg of B12, and 50 mg of B6, or placebo. 

There was no signifi cant difference in the combined endpoint of death from cardiovascular causes, 

MI, and stroke between the folic acid, B12, and B6 vitamin group and the placebo group. There 

was a 25% reduction of stroke in the vitamin-treated group. A meta-analysis of eight homocysteine 

treatment trials reported that folic acid supplementation reduced the risk of stroke by 18%. A ben-

efi cial effect was more likely with treatment for more than 36 months, a homocysteine lowering of 

more than 20%, and no prior history of stroke. Homocysteine lowering may have a greater effect on 

the reduction of stroke than of coronary disease. A 3 μmol/L reduction of homocysteine is associ-

ated with an 11% reduction in coronary disease and a 19% reduction in stroke. 

Present evidence does not support using folic acid, B12, and B6 vitamin supplementation post- 

MI, or post-stent, or in patients with known cardiovascular disease. The major vascular outcome to 

show benefi t from supplementation with folate, B vitamins in general, and lowering  homocysteine 

is the primary prevention of stroke. Elevated homocysteine levels have been associated with an 

increased risk for the development of dementia and Alzheimer disease. To date, no placebo-

 controlled  treatment trials have been completed to determine the value of folic acid, B12, and B6 

vitamin supplementation to prevent dementia and Alzheimer’s disease.

VITAMIN D

Vitamin D may be an important nutrient in the prevention of cardiovascular disease. It affects 

infl ammation, vascular calcifi cation, renin activity, and blood pressure; prevents proliferation of 

vascular smooth muscle cells; and increases anti-infl ammatory cytokines. Vitamin D receptors 

are found in cardiac tissues such as blood vessels and cardiac muscle cells. Vitamin D defi ciency 
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stimulates the release of parathyroid hormone, which leads to myocardial hypertrophy and also 

increases infl ammation via release of cytokines from vascular smooth muscle cells. Vitamin D 

levels have been found to vary inversely with the amount of vascular calcifi cation [29]. An increase 

in vascular calcifi cation, as determined by a coronary calcium score, has been shown to be an inde-

pendent predictor of cardiovascular risk [30].  

The majority of vitamin D is cutaneously synthesized, with only a few good food sources such 

as eel, herring, and salmon. Vitamin D defi ciency results from inadequate sun exposure, pigmented 

skin, or low dietary intake. The best measure of vitamin D status is a 25-hydroxyvitamin D level. 

1,25-dihydroxyvitamin D levels are not the best measure of vitamin D status since they have a short 

half life in the blood, and often are increased in early stage vitamin D defi ciency to compensate for 

a drop in 25-hydroxyvitamin D levels. Vitamin D defi ciency is present in one-third to one-half of 

middle-aged or older adults worldwide. Data from the Framingham Offspring Study report a 28% 

incidence of low 25-hydroxyvitamin D levels, defi ned as below 15 ng/mL [31]. The low vitamin D 

level was associated with a 63% increase in cardiovascular events over a 5.4 year follow-up period.

A meta-analysis of 18 randomized controlled trials of vitamin D supplementation in 57,311 sub-

jects revealed a 7% reduction in total mortality [32]. The average dose of vitamin D used in these 

trials was 528 IU. It appears that the administration of very common doses of vitamin D can reduce 

total mortality. Prospective, randomized trials of vitamin D supplementation are needed to assess 

the long-term effects of vitamin D on cardiovascular morbidity and mortality. One should consider 

measuring a vitamin D level as part of a yearly physical since a low level is also associated with 

increased incidence of colon cancer, prostate cancer, multiple sclerosis, rheumatoid arthritis, and 

type 1 diabetes mellitus.

OMEGA-3 FATS

Omega-3 oils may have cardioprotective properties by decreasing atherosclerosis, infl ammation, 

thrombosis, and arrhythmias. Fish oil supplementation has been studied in 11,324 survivors of MI 

in the GISSI Prevenzione Study [33]. One gram of fi sh oil was found to reduce the primary endpoint 

of death, MI, or stroke by 10%. There was a 14% reduction in death and a 17% reduction in car-

diovascular death. There was a 54% reduction in sudden death. This benefi t was on top of standard 

post-MI care including beta-blockers, statins, aspirin, and ACE-inhibitors. The JELIS Study also 

reported a 19% reduction in major coronary events in 18,645 subjects randomized to eicosapen-

taenoic acid plus statin versus statin alone [34]. Fish oil can reduce cardiovascular events in addition 

to that achieved by statin therapy.

VITAMIN E

The Nurses Health Study, which was observational in design, concluded a 34% reduction in car-

diovascular events in subjects taking vitamin E supplementation [35]. Since that initial obser-

vation, multiple studies have attempted to evaluate vitamin E in the primary and secondary 

prevention of cardiovascular disease. In the primary prevention project, 4495 patients were fol-

lowed for 3.6 years on 300 IU of vitamin E supplementation without demonstrating improve-

ment in cardiovascular morbidity [36]. Multiple secondary prevention studies including HOPE 

[37] and GISSI-P [33] failed to demonstrate benefi t from vitamin E supplementation. The HDL-

Atherosclerosis Treatment Study (HATS) compared treatment regimens of lipid-modifying 

therapy and antioxidant-vitamin therapy, alone and together [38]. The 3-year, double-blind trial 

included 160 patients with coronary disease, low levels of HDL cholesterol, and normal levels 

of LDL cholesterol. Patients were assigned to one of four treatment regimens: simvastatin (10 to 

20 mg/day) plus niacin (2 to 4 g/day); antioxidants; simvastatin (10 to 20 mg/day) plus niacin (2 to 

4 g/day) plus antioxidants; or placebo. The primary endpoints were arteriographic evidence of change 

in coronary stenosis and the occurrence of a fi rst cardiovascular event (fatal/nonfatal MI, stroke, or 
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revascularization). The average stenosis progressed with placebo (3.9%), antioxidants (1.8%), and 

simvastatin plus niacin plus antioxidants (0.7%). There was a 0.4% regression with simvastatin plus 

niacin alone (p < 0.001). In conclusion, the combination of simvastatin plus niacin greatly reduced 

the rate of major coronary events (60% to 90%) and substantially slowed progression of coronary 

atherosclerosis in patients with low HDL cholesterol. While HATS further supported the use of 

niacin for raising HDL and reducing plaque formation in combination with statin therapy, no fur-

ther advantage was seen in the group receiving antioxidants and combination statin-niacin therapy. 

These studies did not attempt to assess the infl ammatory and oxidative state of subjects prior to 

initiation and following therapy.

In a randomized, double-blind placebo control trial, subjects were given 1600 IU of RRR-

alpha-tocopherol versus placebo and followed for 6 months [39]. Subjects taking the vitamin 

E had a statistically signifi cant reduction in hsCRP and urinary F2 isoprostanes and monocyte 

superoxide anion and tumor necrosis factor release compared with baseline and placebo. Despite 

this reduction in oxidative and infl ammatory markers, no change was seen in carotid intima 

medial thickness. Multiple trial design concerns have been raised to explain the inconsistency of 

the observational and randomized study data [40]. These include (1) not using the right type of 

supplement formulation, (2) not using the correct dosage, (3) not using a complex antioxidant mix-

ture, (4) not choosing the right study population, and (5) not looking at functional biomarkers. One 

of the important variables missing from all of these studies is nutritional status. Until biomarkers 

and nutritional status are included with these research variables, it is premature to conclude that 

antioxidants offer no benefi t in cardiovascular disease prevention.

IV. DRUG–NUTRIENT INTERACTIONS

The treatment of hyperlipidemia with statins may decrease mitochondrial levels of coenzyme Q10 

and increase the incidence of myalgias. Coenzyme Q10 is an important nutrient for proper mito-

chondrial function. The benefi ts of coenzyme Q10 administration in statin-treated patients are 

controversial. A small randomized trial of supplementation with coenzyme Q10 in statin-treated 

patients did not reveal any benefi t in the prevention of myalgia symptoms [41]. Another small trial 

reported that supplementation with coenzyme Q10 did reduce myalgia symptoms by 40% [42]. 

Larger trials are needed to clarify the benefi t of coenzyme Q10 in the prevention or treatment of 

statin-induced myalgias. 

Both niacin (also known as vitamin B3) and fi brates can increase homocysteine levels by up to 

50% [43]. The mechanism of the elevation of homocysteine is an interference with the metabolism 

of folate and homocysteine by niacin and fi brates. The elevation in homocysteine can be prevented 

by folate, B12, and B6 supplementation. The benefi t of B vitamin supplementation beyond doses 

to normalize serum levels to improve cardiovascular outcomes needs further study. Physical exam 

fi ndings, laboratory evidence, and known risk factors such as gastric hypochlorhydria and gastric 

bypass surgery can suggest that folate, B12, or B6 should be supplemented for reasons apart from 

cardiovascular health.

V. COMORBID CONDITIONS

Although genetics account for approximately 20% of cardiovascular risk, 70% to 90% of chronic 

disease is related to an individual’s lifestyle and environment. CDC data from 2006 reported that 

29 states in America have greater than 25% of their population meeting the defi nition of obesity 

defi ned as body mass index (BMI) greater than or equal to 30. This epidemic of obesity is asso-

ciated with diabetes mellitus, hypertension, low HDL cholesterol, elevated LDL cholesterol, and 

infl ammation. The CDC predicts that one out of three children born in the year 2000 will develop 

diabetes in their lifetime and it is estimated that approximately 50% of American adults between the 

ages of 60 and 69 already have the metabolic syndrome [44]. The causes of cardiovascular disease 
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are multifactorial and treatment frequently requires lifestyle change. Almost all cardiac risk factors 

are dependent on lifestyle and environment. As medicine has become increasingly dependent on the 

pharmaceutical industry, the focus has shifted from treating the whole person to a disease-driven 

model focused mainly on the presenting problem. Prevention is the best intervention for cardiovas-

cular disease, yet in a recent survey of primary care physicians and cardiologists, discussions of 

lifestyle including nutrition, exercise, and psychosocial stressors continues to be poorly addressed 

[45]. Poor nutrition and physical inactivity are identifi ed as probably the true leading underlying 

causes of death in the United States [46]. Increasing BMI has been linked to diabetes mellitus, 

hyperlipidemia, and hypertension in a linear fashion. Inversely, as the BMI is lowered, improvement 

is appreciated in all risk factors in the same linear fashion. Multiple avenues of research have shown 

lifestyle intervention alone can alter the course of disease. For example, in the Diabetes Prevention 

Study, type 2 diabetes was prevented in high-risk individuals who underwent individualized coun-

seling on weight loss and physical activity alone when compared to appropriately matched controls 

and patients taking metformin alone [47].  

VI. DIET CONSIDERATIONS

An initial approach to a patient’s nutrition should simply start with total caloric consumption, which 

is a crucial variable affecting obesity. The Department of Agriculture reports an 8% increase in 

food consumption from 1990 to 2000, and the CDC reports that the doubling of the prevalence of 

obesity between 1971 and 2000 correlated with a 22% increase in calorie consumption for women 

and a 9% increase for men [48]. Interestingly, despite indications that the percentage of calories 

consumed as fat is decreasing, surveys indicate that we are consuming more calories overall [49]. 

Reduction in total caloric intake should be emphasized as a fi rst-line approach to weight loss.

Fats and carbohydrates are the major macronutrients affecting cardiovascular health. Fats are 

broken down into saturated, monounsaturated, and polyunsaturated fatty acids. Saturated fatty 

acids contain no double bonds in their fatty acid chains and they are typically solid at room tem-

perature. They are the predominant fats in dairy products, red meat, and tropical oils, such as 

coconut oil. Saturated fats increase total and LDL cholesterol as well as infl ammation. Overall, the 

intake of saturated fat is associated with an increase in the incidence of cardiovascular disease [50]. 

However, the Nurse’s Health Study showed that when you simply replace saturated fat intake with 

carbohydrate intake there is a very small reduction in cardiovascular risk. In contrast, replacement 

of saturated fat with monounsaturated or polyunsaturated fats was associated with an almost 10-fold 

greater decrease in risk [51]. 

Monounsaturated fats have been associated with lower cardiovascular disease (CVD) risk. 

Foods rich in monounsaturated fat include olive oil, canola oil, many types of nuts, and avocados. 

The Mediterranean diet is high in monounsaturated fats, namely olive oil. The largest prospec-

tive study to look at the benefi ts of monounsaturated fats and a modifi ed Mediterranean diet is 

the Lyon Diet Heart Study [52]. This study randomized patients with known CVD to a modifi ed 

Mediterranean diet or the American Heart Association step 1 diet. The modifi ed Mediterranean 

diet includes a high consumption of fresh fruits and vegetables; the use of whole-grain rather than 

refi ned carbohydrates; low to moderate amounts of dairy, fi sh, and poultry; low amounts of red 

meat; minimal amounts of processed foods; and a low to moderate consumption of wine. The 

primary monounsaturated fat is alpha-linolenic acid (ALA) enriched canola oil. The experimental 

group experienced 60% fewer cardiovascular events and 80% fewer late diagnoses of cancer. This 

was further supported in the Indo-Mediterranean Diet Heart Study, where the Indo-Mediterranean 

diet group experienced 49% fewer cardiovascular events, 62% fewer sudden deaths, and 51% 

fewer nonfatal MIs in comparison to the National Cholesterol Education Program diet group [53]. 

Both the Lyon and Indo-Mediterranean diets are high in omega-3 content and are anti-infl am-

matory. High-fat and diets high in refi ned sugar reduce endothelium- dependent relaxation and 

increase infl ammatory markers such as interleukin-18 and tumor necrosis factor. Hu and Willet 
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reviewed 147 epidemiological and dietary intervention studies and concluded these nutrition prin-

ciples for prevention of cardiovascular disease [54]: 

 1. Increase consumption of omega-3 fatty acids from fi sh, fi sh oil supplements, and plant 

sources.

 2. Substitute nonhydrogenated unsaturated fats for saturated and trans fats.

 3. Consume a diet high in fruits, vegetables, nuts, and whole grains, and low in sugar and 

refi ned grain products.

 4. Avoid processed foods.

 5. Choose foods, food combinations, and preparation methods that are low on the glycemic 

index.

VII. CONCLUSIONS

Global cardiovascular risk reduction requires a comprehensive assessment and treatment of vascu-

lar risk factors. Better targets than LDL cholesterol are needed. Either apo B/apo A-1 or TC/HDL 

plus hsCRP may represent a more comprehensive lipid target for the assessment and treatment of 

cardiovascular risk. 

Strategies to more adequately reduce cardiovascular events include

Optimizing control of hypertension, obesity, and diabetes• 

Replacing diets high in saturated fats and refi ned carbohydrates with fi ber, fruit and veg-• 

etables, nuts, and legumes

Optimal nutrient supplementation with omega-3 oils, vitamin D, and possibly B vitamins• 

With a global approach to cardiovascular risk, events can be reduced by 50% to 75% compared 

to the 25% to 35% reductions seen with statin treatment alone [2, 6].  
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5 Hypertension

Utilizing Nutrition 
in Treatment

Mark C. Houston, M.D., M.S.

I. INTRODUCTION

Short-term reduction in blood pressure (BP) utilizing nutrition results in intermediate and long-term 

improvements in morbidity and mortality, including cerebrovascular accidents (CVA), coronary 

heart disease (CHD), and myocardial infarction (MI) [1, 2]. In the Health Professionals Follow-up 

Study [1], diets rich in potassium reduced CVA by 41% in hypertensive subjects. In the Lyon Diet 

Heart Study [2], a Mediterranean type diet reduced the incidence of a second MI by 76%. These 

studies and others reveal the importance of micronutrients, macronutrients, and nutraceuticals for 

preventing and treating hypertension and the cardiovascular complications of this disease.

Many national and global organizations and policy directives on nutrition and hypertension such 

as JNC-7 [3], the Nutrition Committee of the AHA [4], the World Health Organization (WHO), 

Canadian Hypertension Society, the Institute of Medicine report to Congress on the Nutritional 

Needs of the Elderly [5], INTERSALT [6], the European Society of Hypertension (ESH)–European 

Society of Cardiology (ESC), International Society of Hypertension (ISH) [7], and the British 

Hypertension Society( BHS) recognize the positive impact of nutrition on hypertension, CHD, ath-

erosclerosis, and CVA.

The best means to reduce BP and target organ damage (TOD) in hypertensive patients is an 

integrative approach that uses nutrition, vitamins, antioxidants, minerals, functional foods, nutra-

ceutical supplements, weight loss, exercise, judicious alcohol use, and complete cessation of tobacco 

and caffeine combined with optimal pharmacologic therapy. Reducing BP requires a combination 

of lifestyle modifi cations and drug therapy, especially for those patients [3] with multiple CHD risk 

factors, TOD, or clinical cardiovascular disease (CCD). Tables 5.1 and 5.2 can help guide patient-

specifi c treatments. Lifestyle changes may prevent or delay the onset of hypertension, reduce BP 

levels, slow disease progression, and potentiate the effects of antihypertensive drugs, thereby allow-

ing for fewer drugs and/or lower doses. Finally, there may be additive or synergistic improvements 

in cardiovascular risk factors, vascular function, structure, and health [8, 9]. Patients with BP below 

140/90 mm Hg who have no risk factors, TOD, or cardiovascular disease (CCD) may be initially and 

successfully treated with lifestyle modifi cations [3].

A large percentage of essential hypertensive patients are appropriate candidates for preliminary 

and prolonged lifestyle modifi cations as long as the BP is frequently evaluated and clinical TOD, 

CCD, DM, or signifi cant risk factors are not present at that time and do not develop later. As many 

as 50% to 60% of essential hypertensive patients are included in this classifi cation [9–11]. Optimal 
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nutrition, antioxidants, vitamins, minerals, functional foods, and nutraceutical supplements are 

effective therapies in these patients and provide excellent adjunctive treatment in patients taking 

antihypertensive drugs. The patient’s nutritional analysis should be evaluated at baseline. All nutri-

ents that are defi cient must be repleted to normal levels. The lifestyle modifi cations mentioned 

above should always be continued following initiation of drug therapy [8–11].

This paper will review the basic science and clinical studies of nutraceutical supplements, vita-

mins, antioxidants, minerals, macronutrients, and micronutrients and their impact on the prevention 

and treatment of hypertension. Correlations and mechanisms of action based on vascular biology 

will provide a unique framework for understanding the clinical use of these therapeutic interven-

tions. Pharmacologic therapy with antihypertensive drugs is beyond the scope of this paper, but 

some general discussion is provided to emphasize the importance of balance when treating essential 

hypertension. Integrating nutrition with pharmacologic therapy reduces BP and TOD and improves 

the worldwide dismal statistics of BP control [3, 12–15].

II. PATHOPHYSIOLOGY

Oxidative stress with an imbalance between reactive oxygen species (ROS) and the antioxidant 

defense mechanisms contributes to the etiology of human hypertension [16–21]. Oxidative stress 

TABLE 5.1
JNC-7 Classifi cation of Blood Pressure (BP) for Adults 
Aged 18 Years and Older

Management*

Initial Drug Therapy

BP 

Classifi cation

Systolic 

BP, mmHg*

Diastolic 

BP, mmHg*

Lifestyle 

Modifi cation

Without Compelling 

Indication

With Compelling 

Indications
Normal <120 and <80 Encourage No antihypertensive 

drug indicated

Prehypertension 120–139 or 80–89 Yes Thiazide-type diuretics 

for most; may consider 

ACE inhibitor,

Drug(s) for the 

compelling indications‡

Stage 1 

Hypertension

140–159 or 90–99 Yes ARB, β-blocker, CCB, 

or combination

Drug(s) for the 

compelling indications

Other antihypertensive 

drugs (diuretics, ACE 

inhibitor, ARB, β-blocker,

CCB) as needed

Stage 2 

Hypertension

≥ 160 or ≥ 100 Yes Two-drug combination 

for most (usually 

thiazide-type diuretic 

and ACE inhibitor or 

ARB or and ACE 

inhibitor or ARB or 

β-blocker or CCB)§

Drug(s) for the 

compelling indications 

Other antihypertensive 

drugs (diuretics, ACE 

inhibitor, ARB, 

β-blocker, CCB) as 

needed

Source: [3].

Abbreviations:  ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; CCB, calcium channel blocker

* Treatment determined by highest BP category.

‡ Treat patients with chronic kidney disease or diabetes to BP goal of less than 130/80 mmHg.

§ Initial combined therapy should be used cautiously in those at risk for orthostatic hypertension.
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has been implicated in many hypertensive disorders including lead-induced [18, 22–24], uremic, 

 cyclosporine-induced [25–28], salt-sensitive [29, 30], preeclampsia, essential hypertension [31–35], 

diabetes mellitus [36, 37] and in hypertension induced by high-fat and high-refi ned-carbohydrate 

diets [38–41].

Hypertensive patients have an impaired endogenous and exogenous antioxidant defense mecha-

nism [42–49]. In addition, hypertensive patients have more oxidative stress and a greater than nor-

mal response to oxidative stress [16, 17, 19, 20, 43, 44, 47, 50, 51].

The proposed mechanisms of ROS-induced hypertension in humans are as follows [52–54]:

Structural and functional damage from direct action on endothelial cells• 

Degradation of nitric oxide (NO) by ROS• 

Effects on eicosanoid metabolism in endothelial cells• 

Oxidative modifi cation of low density lipoprotein (LDL) cholesterol• 

Hyperglycemia• 

Hyperinsulinemia• 

Increased fatty acid mobilization• 

Increased catecholamines• 

The increase of superoxide production by angiotensin II• 

Imbalance of vasodilators such as NO, vasoconstrictors such as angiotensin II, and ROS can per-

petuate hypertension as illustrated in Figure 5.1 [55–58].

The present research and conclusions of the role of oxidative stress in animal and human hyper-

tension are the interrelations of neurohormonal systems, oxidative stress, and cardiovascular dis-

ease depicted in Figure 5.2 [59].

The increased oxidative stress in human hypertension is a combination of increased generation of 

ROS, an exacerbated response to ROS, and an increased demand for the antioxidant defense mecha-

nisms presented in Table 5.3 [59–61]. Low intracellular, extracellular, enzymatic, and nonenzymatic 

FIGURE 5.1 Reactive oxygen species and nitric oxide [77]. Some of the complex interactions involved in 

regulating the balance of nitric oxide (NO) and superoxide (O2
�) within the vasculature. NOS I indicates neu-

ronal NOS; NOS II, inducible NOS; NOS III, endothelial NOS; EC-SOD, extracellular superoxide dismutase; 

Mn SOD, manganese SOD; Cu/Zn SOD, copper/zinc SOD; sGC, soluble guanylate cyclase; ONOO�, per-

oxynitrite; H2O2, hydrogen peroxide; GTP, guanosine 5′-triphosphate; COX, cyclooxygenase; and VP, vaso-

constrictor prostanoids. (From [77].)
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TABLE 5.3
The Cytotoxic Reactive Oxygen Species and the Natural Defense Mechanisms
Reactive Oxygen Species Antioxidant Defense Mechanisms

Free Radicals Enzymatic Scavengers

O2 • 
� Superoxide anion radical SOD   Superoxide dismutase

OH • Hydroxyl radical 2O2 • 
� + 2H+ → H2O2 + O2

ROO • Lipid peroxide (peroxyl) CAT   Catalase (peroxisomal-bound)

RO • Alkoxyl 2H2O2 → O2+H2O

RS • Thiyl GTP   Glutathione peroxidase

NO • Nitric oxide 2GSH + H2O2 → GSSG + 2H2O

NO2 • Nitrogen dioxide 2GSH + ROOH → GSSG + ROH + 2H2O

ONOO � Peroxynitrite

CCl3 • Trichloromethyl Nonenzymatic scavengers

Vitamin A

Non-radicals Vitamin C (ascorbic acid)

H2O2 Hydrogen peroxide Vitamin E (α-tocopherol)

HOCl Hypochlorous acid β-carotene

ONOO � Peroxynitrite Cysteine

1O2 Singlet oxygen Coenzyme Q

Uric acid

Flavonoids

Sulfhydryl group

Thioether compounds

The superscripted bold dot indicates an unpaired electron and the negative charge indicates a gained electron. GSH, 

reduced glutathione; GSSG, oxidized glutathione; R, lipid chain. Singlet oxygen is an unstable molecule due to the two 

electrons present in its outer orbit spinning in opposite directions.

Source: [59].

Pathophysiologic Stimulus

SNS Activation RAS Activation Neutrophil ActivationEndothelial Dysfunction

Hyperchlorous AcidNorepinephrine Angiotensin II Peroxynitrite

Oxidative Stress

Vascular Defects Cardiac Defects

Hypertension Atherosclerosis Heart Dysfunction Arrhythmias

FIGURE 5.2 Role of different extra-cardiac and extra-vascular systems in the genesis of oxidative stress and devel-

opment of cardiovascular abnormalities [59]. SNS, sympathetic nervous system; RAS, renin-angiotensin system.
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antioxidants result in a net reduction in antioxidant reserves [59]. The cardiovascular effects of 

excess ROS are as follows:

Peroxidation of polyunsaturated fatty acids in membrane lipid bilayers• 

Oxidation of proteins by induction of lipid and carbohydrate auto-oxidation proteolysis• 

Oxidation of carbohydrates• 

Oxidation of DNA and subsequent damage• 

Oxidation of organic molecules• 

Up-regulation of and damage to genetic machinery, gene expression transcription factors, • 

and DNA synthesis

III. EPIDEMIOLOGY

Diabetes mellitus, metabolic syndrome, CHD, hypertension, CVA, CHF, cancer, and hyperlipidemia 

have reached epidemic levels in the United States [62, 63]. These nutritionally related diseases result 

from the modern-day aberration in a long evolutionary history.

Humans have evolved from a pre-agricultural, hunter-gatherer society to a commercial agricul-

ture with highly processed foods that has imposed unnatural and unhealthy nutrition. The human 

genetic makeup is 99.9% that of our Paleolithic ancestors for the past 35,000 years, yet our nutrition 

is vastly different (Table 5.4) [64]. The macronutrient and micronutrient variations contribute to the 

higher incidence of hypertension and other cardiovascular diseases through a complex nutrient-gene 

interaction [62–65]. Poor nutrition, coupled with obesity and a sedentary lifestyle, have resulted in 

an exponential increase in nutritionally related diseases [62]. In particular, the high Na+/K+ ratio and 

low omega-3 to omega-6 fatty acid ratio and increased intake of saturated and trans fats of modern 

diets have contributed to hypertension, stroke, CHD, CHF, diabetes, dyslipidemia, and renal disease 

[66–73].

Humans are genetically geared to a pre-agricultural, hunter-gatherer nutritional and exercise 

lifestyle. Table 5.4 contrasts modern-day intake of potassium, sodium, fi ber, protein, carbohydrate, 

and fat with that of hunter-gatherers from the Paleolithic era [62, 67–74]. The genes of Paleolithic 

humans and modern humans differ much less than the nutrient intake.

Nutrients and ROS are powerful, infl uential factors to which the human genome is exposed. 

These nutrients and ROS determine the amount and activity of specifi c proteins by functioning as 

regulators of gene transcription [62, 63, 75, 76], nuclear RNA processing [62, 63, 77], and messenger 

TABLE 5.4
Evolutionary Nutritional Impositions

Paleolithic Intakes* Modern Intakes*

K+ > 10,000 mEq/day (256 g) 150 mEq/day (6 g)

Na+ < 50 mmol /day (1.2 g) 175 mmol/day (4 g)

Na+ / K+ ratio < 0.13 /day > 0.67/day

Fiber > 100 g/day 9 g/day

Protein 37% 20%

Carbohydrate 41% 40%–50%

Fat 22% 30%–40%

P/S Ratio 1.4 0.4

Source: [64, 130].

P/S Ratio = Polyunsaturated to saturated fats ratio
 *Evolution from pre-agricultural, hunter-gatherer milieu to an agricultural, refrigeration society has 

imposed an unnatural and unhealthful nutritional selection process.
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RNA stability and degradation [62, 63, 78] (Figure 5.3). These factors, in turn, determine and infl u-

ence energy metabolism, cell differentiation, and cell growth [62] (Figure 5.4). The clinical out-

comes of nutrient regulation of gene expression may be benefi cial or detrimental in their effects on 

cardiovascular disease, BP, glucose, and lipids [63] (Figure 5.5).

IV. TREATMENT APPROACHES

ELECTROLYTES

Sodium (Na+)
The average sodium intake in the United States is 5000 mg/day with some areas of the country con-

suming 15,000 to 20,000 mg/day [12]. However, the minimal requirement for sodium is probably 

about 500 mg/day [12]. Epidemiologic, observational, and controlled clinical trials demonstrate that 

an increased sodium intake is associated with higher blood pressure [79]. A reduction in sodium 

FIGURE 5.3 ROS are intracellular signal transduction systems and modulators of transcriptional 

pathways. (From [61].)

ROS (O2·–) 2nd Messengers
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Stimulate Proliferation in
   Epidermal Cells
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   VSMC
   Renal Cells
   CV Cells

FIGURE 5.4 Nutrient–gene interactions and gene expression: “The interaction of nature and nurture.” (From 

[62, 63, 65, 75, 76, 77, 78].)
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A. Gene Transcription
B. Nuclear RNA Processing
C. Messenger RNA Stability and Degradation

Determine and Influence

Energy Metabolism
Cell Differentiation
Cell Growth

TAF-67621-08-0801-C005.indd   81TAF-67621-08-0801-C005.indd   81 12/19/08   7:31:34 PM12/19/08   7:31:34 PM



82 Food and Nutrients In Disease Management

intake in hypertensive patients, especially the salt-sensitive patients, will signifi cantly lower blood 

pressure by 4–6/2–3 mm Hg [68, 80–82]. The blood pressure reduction is proportional to the sever-

ity of sodium restriction [68, 83, 84].

The effect of dietary sodium on BP is modulated by other components of the diet [85–88]. 

Sodium-chloride-induced hypertension is augmented by diets low in potassium [85, 86], calcium, 

and magnesium [85, 87, 89] and attenuated by high potassium, magnesium, and calcium (especially 

Na+ sensitive). The DASH-II diet is particularly instructive in this regard [68]. Gradual reductions 

in sodium from 150 to 100 to 50 mmol/day in association with a high fruit, vegetable, and low-fat 

dairy intake with adequate potassium, calcium, magnesium, and fi ber intake was the most effective 

in reducing BP.

Despite the enormous body of literature on salt and hypertension, debate still exists as to a true 

causal relationship [87, 88]. Nevertheless, sodium does have a major impact on cardiovascular, cere-

brovascular, and renal disease [88–103]. Studies have documented a direct relationship between 

sodium intake and increased platelet reactivity [89], stroke (independent of BP) [90, 91], left ven-

tricular hypertrophy [92], MI [92], CHF [92], sudden death [92], and left ventricular fi lling [93]. The 

renal plasma fl ow falls and glomerular fi ltration rate and glomerular fi ltration increase leading to an 

increase in intraglomerular capillary pressure, microalbuminuria, proteinuria, glomerular injury, 

and renal insuffi ciency [92, 94–97]. Sodium also reduces arterial compliance independent of BP 

changes [98, 99].

Salt sensitivity (> 10% increase in mean arterial pressure [MAP] with salt loading) is a key fac-

tor in determining the cardiovascular, cerebrovascular, renal and blood pressure response to dietary 

salt intake [100–103]. Cardiovascular events are more common in salt-sensitive patients than in 

salt-resistant ones, independent of BP [102, 103]. In addition, salt sensitivity is most pronounced 

in elderly patients with isolated systolic hypertension and it is modifi ed by polymorphisms of the 

angiotensinogen gene [104–106]. Salt-sensitive patients do not inhibit their sympathetic nervous 

system activity [106] or increase NO production with salt loading [107]. Sodium interacts at the 

vascular level with other minerals, calcium, trace elements, and fatty acids [108–110].

The evidence is very suggestive that reduction of dietary salt intake reduces target organ damage 

(brain, heart, kidney, and vasculature) that is both dependent on the small BP reduction, but also 

independent of the decreased BP.

Potassium (K+)
The average U.S. dietary intake of potassium (K+) is 45 mEq/day with a potassium to sodium 

(K+/Na+) ratio of less than 1:2 [12]. The recommended intake of K+ is 650 mEq/day with a K+/Na+ 

Nutrient

Gene

Beneficial Outcome

Lower Lipids
Lower Glucose
(Improve Insulin Sensitivity)
Lower BP
Lower Cancer Risk
Reduce Cardiovascular Risk

Detrimental Outcome

Increase Lipids
Increase Glucose
Insulin Resistance
Increase BP
Increase Cancer Risk
Increase Cardiovascular Risk 

“Interaction Action” Not
Parallel Action

FIGURE 5.5 Nutrient regulation of gene expression.
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ratio of over 5:1 [12]. Numerous epidemiologic, observational, and clinical trials have demonstrated 

a signifi cant reduction in BP with increased dietary K+ intake [12, 111, 112]. The magnitude of 

BP reduction with a K+ supplementation of 60 to 120 mEq/day is 4.4/2.5 mm Hg in hypertensive 

patients and 1.8/1.0 mm Hg in normotensive patients [113, 114]. Alteration of the K+/Na+ ratio to a 

higher level is important for both antihypertensive as well as cardiovascular and cerebrovascular 

effects [89, 115]. High potassium intake reduces the incidence of cardiovascular and cerebrovascu-

lar accidents independent of the BP reduction [48, 66, 114].

Gu et al. [115] recently demonstrated for the fi rst time that potassium supplementation at 60 

mmol of KCl per day for 12 weeks signifi cantly reduced systolic blood pressure (SBP) –5.0 mm Hg 

(range –2.13 to –7.88 mm Hg) (p < 0.001). This study confi rmed that the higher the initial BP, the 

greater the response and that the urinary sodium-potassium ratio correlates best with BP reduction 

as does the dietary sodium-potassium ratio [89] compared to either urinary sodium or potassium 

individually [115].

Magnesium (Mg++)
A high dietary intake of magnesium of at least 500 to 1000 mg/day reduces BP in most of the 

reported epidemiologic, observational, and clinical trials, but the results are less consistent than 

those seen with Na+ and K+ [12, 79, 114, 116–122]. In most epidemiologic studies, there is an inverse 

relationship between dietary magnesium intake and BP [109, 114, 118, 119, 122–127]. A study of 

60 essential hypertensive subjects given magnesium supplements showed a signifi cant reduction in 

BP over an 8 week period documented by 24 hour ambulatory BP, home, and offi ce blood BP [117]. 

The intake of multiple minerals in a natural form such as Mg++, K+, and Ca++ is more effective than 

Mg++ alone in reducing BP.

Magnesium competes with Na+ for binding sites on vascular smooth muscle and acts like a cal-

cium channel blocker (CCB), increases PGE, binds in a necessary-cooperative manner with potas-

sium, inducing endothelial vasodilation (EDV) and BP reduction [12, 79, 109, 127–129]. Magnesium 

regulates both SBP, diastolic blood pressure (DBP), intracellular Ca++, Na+, K+, and pH as well as left 

ventricular mass, insulin sensitivity, and arterial compliance [126, 127].

Calcium (Ca++)
Population studies show a link between hypertension and calcium [12, 114, 130], but clinical trials 

that administer calcium supplements to patients have shown inconsistent effects on BP [131, 132]. 

Higher dietary calcium is not only associated with a lower BP, but also with a decreased risk of devel-

oping hypertension [114, 133]. A 23% reduction in the risk of developing hypertension was noted in 

those individuals on greater than 800 mg/day compared to those on less than 400 mg/day [114, 134].

A recent meta-analysis of the effect of Ca++ supplementation in hypertensive patients found a 

reduction in systolic BP of 4.3/1.5 mm Hg [110, 135, 136]. Foods containing Ca++ were more effec-

tive than supplements in reducing BP [110, 136]. Karanja et al. [137] assessed the effects of CaCO3 

(calcium carbonate) versus calcium contained in the diet and found signifi cant increases in mag-

nesium, ribofl avin, and vitamin D in the dietary group that correlated with Ca++ intake. There is 

an additive or synergistic effect on BP reduction with a combination of minerals and vitamins as 

compared to Ca++ alone [68, 74].

MACRONUTRIENTS

Protein
Observational and epidemiologic studies demonstrate a consistent association between a high pro-

tein intake and a reduction in BP [138–141]. The protein source is an important factor in the BP 

effect; animal protein being less effective than nonanimal protein [142]. However, lean or wild ani-

mal protein with less saturated fat and more essential omega-3 and reduced omega-6 fatty acids may 

reduce BP, lipids, and CHD risk [141–143]. The Intermap Study showed an inverse correlation of BP 

with total protein intake, especially with protein intake from nonanimal sources [142].
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The Intersalt Study [139] supported the hypothesis that higher dietary protein intake has favor-

able infl uences on BP in 10,020 men and women in 32 countries worldwide. The average SBP and 

DBP were 3.0 and 2.5 mm Hg lower respectively for those whose dietary protein was 30% above the 

overall mean than for those 30% below the overall mean (81 vs. 44 g/day).

Fermented milk supplemented with whey protein concentrate signifi cantly reduces BP in animal 

models (rats) and human studies [144]. Kawase et al. studied 20 healthy men given 200 mL of fer-

mented milk/whey protein twice daily for 8 weeks. The SBP was reduced signifi cantly (p < 0.05) in 

the treatment group compared to the control group [144]. Natural bioactive substances in milk and 

colostrum including minerals, vitamins, and peptides have been demonstrated to reduce BP [145, 

146]. These fi ndings are consistent with the combined diet of fruits, vegetables, grains, and low-fat 

dairy in DASH-I and DASH-II studies in reducing BP [68, 74].

Soy protein at intakes of 25 to 30 g/day lowers BP and increases arterial compliance [147, 148]. 

Soy contains many active compounds that produce these antihypertensive effects, including isofl a-

vones, amino acids, saponins, phytic acid, trypsin inhibitors, fi ber, and globulins [147, 148].

In two unpublished studies by Pitre et al. [149] in spontaneously hypertensive rats, hydrolyzed ion-

exchange whey protein isolate (BioZate-1TM, Davisco, Eden Prairie, Minnesota) demonstrated sig-

nifi cant reductions in mean arterial pressure and heart rate compared to an ion-exchange whey pro-

tein isolate. BioZate-1TM at an oral dose of 30, 75, and 150 mg/kg reduced mean arterial pressure by 

10% to 18% and heart rate (HR) 10% that was sustained for 24 hours (p < 0.05 for both). The maxi-

mum effect occurred 1 to 6 hours after dosing. Pins and Keenan [150] administered 20 g of hydro-

lyzed whey protein to 30 hypertensive subjects and noted a BP reduction of 11/7 mm Hg compared 

to controls that is mediated by an angiotensin converting enzyme inhibitor (ACEI) mechanism. 

Whey protein must be hydrolyzed in order to exhibit the dose-related antihypertensive effect.

Bovine-casein-derived peptides and whey-protein-derived peptides exhibit ACEI activity [144, 

145, 150, 151]. The enzymatic hydrolysis of whey protein isolates releases ACEI peptides [149]. The 

relative in vitro ACEI activity (IC50 – the amount of the substance that causes a 50% inhibition 

of ACE activity is 0.45 mg/mL for BioZate-1TM, 376 mg/mL for whey protein isolate compared to 

1.3 × 10–6 for captopril).

Sardine muscle protein, which contains Valyl-Tyrosine (VAL-TYR), signifi cantly lowers BP in 

hypertensive patients [152]. Kawasaki et al. treated 29 hypertensive patients with 3 mg of Valyl-

Tyrosine sardine muscle concentrated extract for 4 weeks and lowered BP 9.7 mm Hg/5.3 mm Hg 

(p < 0.05) [152]. Valyl-Tyrosine is a natural ACEI. In addition to ACEI effects, protein intake 

may also reduce catecholamine responses and induce natriuresis [153]. The optimal protein 

intake, depending on level of activity, renal function, stress and other factors, is about 1.0 to 

1.5 g/kg/day [154, 155].

Fats
Observational, epidemiologic, biochemical, cross-sectional studies, and clinical trials of the effect 

of fats on BP have been disappointing and inconsistent [156–160]. An exhaustive meta-analysis and 

review of these studies is reported by Morris [156]. Research suggests that rather than the ratio of 

fat to carbohydrates and proteins, the type of dietary fat, total daily intake, and relative ratios of 

specifi c types of fats may be more important in determining the BP effect in patients.

The amount and ratio of the polyunsaturated fats (PUFA) and monounsaturated fats (MUFA), 

which include omega-3 fatty acids (ω-3 FA), omega-6 fatty acids (ω-6 FA), and omega-9 fatty acids 

(ω-9 FA) may be particularly infl uential in blood pressure. The ω-3 FA and ω-6 FA are essential 

fatty acid families, whereas ω-9 FA (oleic acid) can be manufactured by the body from the dietary 

precursor stearic acid. The omega-3 PUFA are strong determinants of cell growth, energy metabo-

lism, energy balance, and insulin sensitivity [62, 161, 162]. A ratio of omega-3 to omega-6 PUFA 

of between 1:2 to 1:1 is considered benefi cial to cardiovascular health and approaches that of our 

Paleolithic ancestors and the Inuit Eskimos [64].
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Omega-3 PUFA
Alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) com-

prise the primary members of the omega-3 PUFA family (Table 5.5). Omega-3 fatty acids are found 

in coldwater fi sh such as herring, haddock, salmon, trout, tuna, cod, and mackerel; fi sh oils; fl ax, 

fl ax seed, and fl ax oil; and nuts [12, 163]. Omega-3 PUFA signifi cantly lower BP in observational, 

epidemiologic, and in some small prospective clinical trials through a variety of mechanisms (Table 

5.6) [12, 156, 164–170]. A meta-analysis of 31 studies on the effects of fi sh oil on BP have shown a 

dose-related response in hypertension as well as a relationship to the specifi c concomitant diseases 

associated with hypertension [109, 171–177]. At fi sh oil doses of < 4 g/day, there was no change in BP 

in the mildly hypertensive subjects. At 4 to 7 g/day, BP fell 1.6 to 2.9 mm Hg, and at over 15 g/day,

BP decreased 5.8 to 8.1 mm Hg [109, 171–177].

A study of 399 healthy males showed that a 1% increase in adipose tissue alpha-linolenic acid 

content was associated with a 5 mm Hg decrease in SBP, DBP, and MAP [117].

Knapp et al. [169] demonstrated a signifi cant reduction in BP (p < 0.01) in a group of hyperten-

sive subjects given 15 g/day of fi sh oil. Bao et al. [163] studied 69 obese, hypertensive subjects for 

16 weeks treated with fi sh oil (3.65 grams omega-3 FA per day), evaluated by 24 hour ambulatory 

BP monitoring (24 hour ABM). The best BP results were seen in subjects on combined fi sh oil and 

weight loss. BP fell 13.0/9.3 mm Hg and heart rate fell 6 beats per minute on average.

Mori et al. [161] studied 63 hypertensive, hyperlipidemic patients treated with omega-3 fatty 

acids (3.65 g/day for 16 weeks) and found signifi cant reductions in BP (P < 0.01). Studies indicate 

Omega-3
Fatty Acids

Omega-6
Fatty Acids

Alpha-linolenic acid (ALA)
18: 3n-3

Linoleic acid (LA)
18: 2n-6

Stearidonic acid
18: 4n-3

20: 4n-3

Eicosapentaenoic acid
20: 5n-3

22: 5n-3

Docosahexaenoic acid (DHA)
22: 6n-3

Gamma-linolenic acid (GLA)
18: 3n-6

Dihoma-gamma-
linolenic acid (DGLA)

20: 3n-6

Arachidonic acid (AA)
20: 4n-6

Adrenic acid
22: 4n-6

22: 5n-6

delta-6-desaturase

delta-5-desaturase

delta-4-desaturase

TABLE 5.5
Metabolic Pathways of the Omega-3 and Omega-6 Fatty Acids
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that DHA is very effective in reducing BP and heart rate [164, 165]. However, formation of EPA 

and ultimately DHA from ALA is decreased in the presence of increased linoleic acid in the diet 

(omega-6 FA), increased dietary saturated fats and trans fatty acids, alcohol and aging through 

inhibitory effects or reduced activity of delta-6-desaturase, and to a lesser extent delta-5-desaturase 

and delta-4-desaturase [164, 165]. The omega-3 and omega-6 metabolic pathways are presented in 

Table 5.5. Eating coldwater fi sh three times per week is as effective as high-dose fi sh oil in reduc-

ing BP in hypertensive patients, and the protein in the fi sh may also have antihypertensive effects 

[12, 170].

Omega-6 Fatty Acids
The omega-6 FA family, which includes linoleic acid (LA), gamma-linolenic acid (GLA), dihomo-

gamma-linolenic acid (DGLA), and arachidonic acid (AA), does not usually lower BP signifi cantly 

[156] (Table 5.5), but may prevent increases in BP induced by saturated fats [108, 178]. The omega-6 

FA are found in fl ax, fl ax seed, fl ax seed oil, conjugated linoleic acid (CLA), canola oil, nuts, eve-

ning primrose oil, borage oil, and black current oil.

GLA and DGLA will enhance synthesis of vasodilating prostaglandins PGE1 and PGI2 prevent-

ing the increase in BP by feeding saturated fats [109, 178]. GLA also completely blocks stress-

induced hypertension [179, 180] due to increased PGE1 [181], decreased plasma aldosterone, and 

reduced adrenal angiotensin II receptor density and affi nity [180].

Omega-9 Fatty Acids (omega-9 FA)
Olive oil is rich in monounsaturated fats (MUFA) (omega-9 FA) (oleic acid), which have been asso-

ciated with BP and lipid reduction in Mediterranean and other diets [12, 182]. Ferrara et al. studied 

23 hypertensive subjects in a double-blind, randomized, crossover study for 6 months comparing 

MUFA with PUFA [182]. Extra virgin olive oil (MUFA) was compared to sunfl ower oil (PUFA), 

rich in linoleic acid (W-6 FA). The SBP fell 8 mm Hg (p < 0.05) and the DBP fell 6 mm Hg (p < 0.01) 

TABLE 5.6
Omega-3 and PUFA: Mechanisms of Action 
• Stimulates nitric oxide (NO) and PGI but decreases TxA2 and leukotrienes (168)

• Improves insulin sensitivity and lowers BP

 • N-3 skeletal muscle phospholipid content 

 • Membrane fl uidity, membrane phospholipid content (167) regulate gene expression

 • Mitochondrial up-coupling protein and FA oxidation in liver and skeletal muscle

 • Thermogenesis gene induction (Reduces body fat) (increases heat production) energy balance improves

 • Mitochondrial and peroxisomal oxidation in skeletal muscle (131)

 • ↓ TG droplets, ↑ Glucose uptake, Glycogen storage

 • Improved glucose tolerance (134)

• Intracellular and inter organ fuel partitioners directing FA away from storage to oxidation (131)

 • PPARα ligand activators (lipid oxidation) (131)

 • SREBP-1 suppression (↓ lipogenic genes)

• Improved cardiac function

• Improved endothelial dysfunction (213)

• Reduced plasma norepinephrine

• Change calcium fl ux

PPAR = Peroxisome-proliferator-activated receptor
SREBP-1 = Sterol-response-element-binding protein
Source: [65, 161, 162].
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in the MUFA-treated subjects compared to the PUFA-treated subjects. In addition, the need for 

antihypertensive medications was reduced by 48% in the MUFA group versus 4% in the PUFA 

(omega-6 FA) group (p < 0.005).

Olive oil is rich in oleic acid (omega-9 FA). Extra virgin oil has 5 mg of phenols in 10 g of olive 

oil, a rich polyphenol antioxidant [182, 183]. About 4 tablespoons of extra virgin olive oil is equal to 

40 g. The combined antioxidant and antilipid effect of MUFA probably accounts for the BP effects by 

improved NO bioavailability, reduced ROS, improved endothelial function, vasodilation, and inhibi-

tion of the oxLDL stimulation of the angiotensin II receptor (A-II R) [43, 44, 55, 56, 59, 60, 184, 185].

Fiber
The clinical trials with various types of fi ber to reduce BP have been generally favorable, but incon-

sistent [186]. Soluble fi ber, guar gum, guava, psyllium, and oat bran reduce BP and reduce the 

need for antihypertensive medications in hypertensive, diabetic, and hypertensive-diabetic patients 

[187–190]. Vuksan et al. [188] reduced SBP 9.4 mm Hg in hypertensive subjects with the fi ber 

Glucomannan. Keenan gave oat bran as beta-glucan to hypertensive patients and reduced BP 7.5 

mm Hg/5.5 mm Hg. The doses required to achieve these BP reductions are approximately 60 g of 

oatmeal per day, 40 g dry weight of oat bran per day, 3 g of beta-glucan per day, or 7 g of psyllium 

per day [147].

Vitamins
Vitamin C
Vitamin C is a potent water-soluble antioxidant that recycles vitamin E, improves endothelial 

dysfunction, and produces a diuresis (Table 5.7) [165, 191–195]. The dietary intake of vitamin C 

or plasma ascorbate concentration in humans is inversely correlated to SBP, DBP, and heart rate 

[56–58, 196–214]. However, controlled intervention trials have been somewhat less consistent or 

inconclusive as to the relationship of vitamin C administration and BP [57, 199, 206–208, 209, 

215, 216]. 

Ness et al. [57] published a systematic review on hypertension and vitamin C and concluded 

that if vitamin C has any effect on BP, it is small. However, in the 18 studies that were reviewed 

worldwide, 10 of 14 showed a signifi cant BP reduction with increased plasma ascorbate levels and 

TABLE 5.7 
Vitamin C: Mechanisms of Action
• Reduces ED and improves EDVD and lowers BP and SVR in HBP, HLP, CHD, smokers 

• Diuresis

• Increase NO and PGI2 

• Decrease adrenal steroid production 

• Improve sympathovagal balance 

• Decrease cystosolic Ca++ 

• Antioxidant 

• Recycles vitamin E, glutathione, uric acid 

• Reduces neuroendocrine peptides 

• Reduces thrombosis and decreases TxA2 

• Reduces lipids (↓TC, ↓LDL, ↓TG, ↑HDL) 

• Reduces leukotrienes 

• Improves aortic collagen, elasticity, and aortic compliance 

• Increase cGMP and activate VSM K+ channels

Source: [196–213].
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3 of 5 demonstrated a decreased BP with increased dietary vitamin C [57]. In four small, random-

ized clinical trials of 20 to 57 subjects, one had signifi cant BP reduction, one had no signifi cant BP 

reduction, and two were not interpretable [57]. In two uncontrolled trials, there was a signifi cant 

reduction in BP [57].

Duffy et al. [199] evaluated 39 hypertensive subjects (DBP 90 to 110 mm Hg) in a placebo-

controlled 4 week study. A 2000 mg loading dose of vitamin C was given initially followed by 500 

mg/day. The SBP was reduced 11 mm Hg (p = 0.03), DBP decreased by 6 mm Hg (p = 0.24), and 

MAP fell 10 mm Hg (p < 0.02). 

Fotherby et al. [210] studied 40 mild hypertensive and normotensive patients in a double-blind, 

randomized, placebo-controlled, crossover study for 6 months. Men and women ages 60 to 80 years 

(mean age 72 ± 4 years) were given vitamin C 250 mg twice daily for 3 months, and then crossed over 

after a 1-week washout period. The 24-hour ABM showed a decrease in SBP 2.0 + 5.2 mm Hg (p < 

0.05), but there was no signifi cant change in DBP. However, the higher the BP was, the greater the 

response to vitamin C. The conclusion from this study was that vitamin C reduced primarily daytime 

SBP as measured by 24 hour ABM in hypertensive, but not normotensive patients. In the hyperten-

sive patients, SBP was reduced by 3.7 + 4.2 mm Hg (p < 0.05) and DBP fell 1.2 + 3.7 mm Hg (NS).

Block et al. [217] in an elegant depletion-repletion study of vitamin C demonstrated an inverse 

correlation of plasma ascorbate levels, SBP and DBP. During this 17-week controlled diet study of 

68 normotensive men aged 39 to 59 years with mean DBP of 73.4 mm Hg and mean SBP of 122.2 

mm Hg, vitamin C depletion at 9 mg/day for 1 month was followed by vitamin C repletion at 117 

mg/day repeated twice. Plasma ascorbate was inversely related to DBP (p < 0.0001, correlation 

–0.48) and to SBP in logistic regression. People in the bottom quartile of plasma ascorbate had a 

DBP 7 mm Hg higher than those in the top quartile. One-fourth of the DBP variance was accounted 

for by plasma ascorbate alone. Of the other plasma nutrients examined, only ascorbate was signifi -

cantly and inversely correlated with DBP (p < 0.0001, r = –0.48) for the 5 week plasma ascorbate 

levels. Each increase at week fi ve in the plasma ascorbate level was associated with a 2.4 mm Hg 

lower DBP at week nine.

TABLE 5.8
Vitamin C: Conclusions
1.  BP is inversely correlated with vitamin C intake and plasma ascorbate levels in humans and animals in epidemiologic, 

observational, cross-sectional, and controlled prospective clinical trials.

2. A dose-response relationship between lower BP and higher plasma ascorbate levels is suggested.

 A. DBP fell about 2.4 mm Hg per plasma ascorbate quartile in a depletion repletion study.

 B. SBP fell 3.6 to 17.8 mm Hg for each 50 μmol/L increase in plasma ascorbate level.

 C. BP may be inversely correlated to tissue levels of ascorbate.

 D. Doses of 100 to 1000 mg/day are needed.

3.  SBP is reduced proportionately more than DBP, but both are decreased. 24-hour ABM indicates a predominate daytime 

SBP reduction and lower HR. Offi ce BP shows a reduction in SBP and DBP as well.

4. The greater the initial BP, the greater the BP reduction.

5.  BP is reduced in hypertensives, normotensives, hyperlipidemics, diabetics, and in patients with a combination of these 

diseases.

6.  Improves ED in HBP, HLP, PAD, DM, CHD, CHF, smokers, and in conduit arteries, epicardial coronary arteries, and 

forearm resistance arteries.

7.  Long-term epidemiological studies indicate an inverse correlation of vitamin C intake and ascorbate levels with RVR of 

CVD, CHD, and CVA.

8.  The lipid profi le seems to be benefi cial with small reductions in TC, TG, and LDL and oxLDL and with increases in 

HDL (women).

9.  Combinations of vitamin C with other antioxidants such as vitamin E, beta-carotene, or selenium provide synergistic 

anti-hypertensive effects.
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Most epidemiologic studies demonstrate an inverse relationship between plasma ascorbate lev-

els, dietary intake, and BP, with a reduction in SBP of 3.6 to 17.8 mm Hg for each 50 umol/liter 

increase in plasma ascorbate [57, 196, 197, 201–205, 218, 219].

The present conclusions correlating vitamin C and BP are shown in Table 5.8. The observational, 

epidemiologic, and prospective clinical trials point strongly to a role of vitamin C in reducing BP in 

hypertensive patients and normotensive patients as well as those in other disease categories.

Vitamin D
Epidemiological, clinical, and experimental investigations all demonstrate a relationship between 

the plasma levels of 1,25-dihydroxycholecalciferol (1,25 (OH)2 D3), the active form of vitamin D and 

BP [220–226], including a vitamin-D-mediated reduction in BP in hypertensive patients.

Vitamin D may have an independent and direct role in the regulation of BP [220–222] and insu-

lin metabolism [221, 222]. A study of 34 middle-aged men demonstrated that serum levels of 1,25 

(OH2) D3 were inversely correlated to BP (p < 0.02).

Vascular tissue contains a receptor or receptors for both the calcium-regulating parathy-

roid hormone and 1,25 (OH)2 D3 [227]. MacCarthy demonstrated that 1,25 (OH)2 D3 antago-

nizes the mitogenic effect of epidermal growth factor on proliferation of vascular smooth muscle 

cells [228].

Lind, in double-blind, placebo-controlled studies, found that BP was lowered with vitamin D 

during long-term treatment of patients with intermittent hypercalcemia [223, 224]. In another study, 

Lind et al. demonstrated that total and ionized calcium levels were increased, but DBP was signifi -

cantly decreased, and the hypotensive effect of vitamin D was inversely related to the pretreatment 

serum levels of 1,25 (OH)2 D3 and additive to antihypertensive medications [225]. In a group of 148 

women with low 25 (OH)2 D3 levels, the administration of 1200 mg calcium plus 800 IU of vitamin 

D3 reduced SBP 9.3% more (p < 0.02) compared to 1200 mg of calcium alone. The HR fell 5.4% 

(p = 0.02), but DBP was not changed [226].

Vitamin B6 (Pyridoxine)
Vitamin B6 is a readily metabolized and excreted water-soluble vitamin [229]. Six different B6 vita-

mins exist, but pyridoxal 5 / phosphate (PLP) is the primary and most potent active form. Much of 

vitamin B6’s antihypertensive effects are due to its participation in neurotransmitter and hormone 

biosynthesis, amino acid reactions with kynureninase, cystathionine synthetase, cystathionase, and 

membrane L-type calcium channels [229, 230].

One human study by Aybak et al. [231] proved that high-dose vitamin B6 signifi cantly lowered 

BP. This study compared nine normotensive men and women with 20 hypertensive subjects, all of 

whom had signifi cantly higher BP, plasma norepinephrine and HR compared to control normoten-

sive patients. Patients received 5 mg/kg/day of vitamin B6 for 4 weeks. The SBP fell from 167 + 13  

to 153 + 15 mm Hg, an 8.4% reduction (p < 0.01) and the DBP fell from 108 + 8.2 to 98 + 8.8 mm 

Hg, a 9.3% reduction (p < 0.005).

In summary, vitamin B6 has multiple antihypertensive effects that resemble those of central 

alpha agonists such as clonidine, calcium channel blockers, and diuretics. Finally, changes in insulin 

sensitivity and carbohydrate metabolism may lower BP in selected hypertensive individuals with the 

metabolic syndrome of insulin resistance. Chronic intake of vitamin B6 at 200 mg/day is safe and 

has no adverse effects. Even doses up to 500 mg/day are probably safe [229].

Lycopene (Carotenoid)
Lycopene is a non-provitamin-A carotenoid, a potent antioxidant found in tomatoes and tomato 

products, guava, pink grapefruit, watermelon, apricots, and papaya in high concentrations [232]. 

Lycopene has recently been shown to produce a signifi cant reduction in BP, serum lipids, and oxi-

dative stress markers [233, 234]. Paran et al. [234] evaluated 30 patients with Grade I hypertension, 

ages 40 to 65, taking no antihypertensive or antilipid medications, treated with a tomato lycopene 

extract for 8 weeks. The SBP was reduced from 144 to 135 mm Hg (9 mm Hg reduction, p < 0.01) 
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and DBP fell from 91 to 84 mm Hg (7 mm Hg reduction, p < 0.01). A similar study of 35 subjects 

with Grade I hypertension showed similar results on SBP, but not DBP [233]. Serum lipids were 

signifi cantly improved in both studies without change in serum homocysteine.

CoQ10 (Ubiquinone)
Coenzyme Q-10 (CoQ10) is a potent lipid phase antioxidant, free radical scavenger, cofactor and 

coenzyme in mitochondrial energy production and oxidative phosphorylation that lowers SVR and 

BP [12, 205, 218, 235–243].

Serum levels of CoQ10 decrease with age and are lower in patients with diseases characterized 

by oxidative stress such as hypertension, CHD, hyperlipidemia, diabetes mellitus, and atherosclero-

sis. Enzymatic assays showed a defi ciency of CoQ10 in 39% of 59 patients with essential hyperten-

sion versus only 6% defi ciency in controls (p < 0.01) [238]. There is a high correlation of CoQ10 

defi ciency and hypertension. Supplements are needed to maintain normal serum levels in many of 

these disease states and in some patients taking statin drugs for hyperlipidemia [205].

Human studies have also demonstrated signifi cant and consistent reductions in BP in hypertensive 

subjects following oral administration of 100 to 225 mg/day of CoQ10 [219, 235, 237, 238, 242].

Burke et al. [243] conducted a 12-week, randomized, double-blind, placebo-controlled trial with 

60 mg of oral CoQ10 in 76 subjects with isolated systolic hypertension (ISH). The mean reduction 

in SBP in the treated group was 17.8 + 7.3 mm Hg (p < 0.01), but DBP did not change. Only 55% of 

the subjects were responders achieving a reduction in SBP > 4 mm Hg, but in this group the SBP fell 

25.9 + 6.4 mm Hg. There was a trend between SBP reduction and increase in CoQ10 levels. Adverse 

effects were virtually nonexistent.

CoQ10 has consistent and signifi cant antihypertensive effects in patients with essential 

hypertension. The major conclusions from in vitro, animal and human clinical trials indicate the 

following:

 1. Compared to normotensive patients, essential hypertensive patients have a high incidence 

of CoQ10 defi ciency documented by serum levels.

 2. Doses of 120 to 225 mg/day of CoQ10, depending on the delivery method and concomitant 

ingestion with a fatty meal, are necessary to achieve a therapeutic level of over 2 μg/mL. 

This dose is usually 1 to 2 mg/kg/day of CoQ10. Use of a special delivery system allows 

better absorption and lower oral doses.

 3. Patients with the lowest CoQ10 serum levels may have the best antihypertensive response 

to supplementation.

 4. The average reduction in BP is about 15/10 mm Hg based on reported studies.

 5. The antihypertensive effect takes time to reach its peak level, usually at about 4 weeks, 

then BP remains stable. The antihypertensive effect is gone within 2 weeks after discon-

tinuation of CoQ10.

 6. Approximately 50% of patients on antihypertensive drugs may be able to stop between one 

and three agents. Both total dose and frequency of administration may be reduced.

 7. Even high doses of CoQ10 have no acute or chronic adverse effects.

Alpha-Lipoic Acid
Alpha-lipoic acid is a potent and unique thiol compound-antioxidant that is both water and lipid 

soluble [165]. Alpha-lipoic acid helps to recirculate tissue and blood levels of vitamins and anti-

oxidants in both lipid and water compartments such as vitamin C and vitamin E, glutathione and 

cysteine [165, 244, 245]. Alpha-lipoic acid binds excess aldehydes, reduces aldehyde production, 

and increases aldehyde excretion. The reduction in aldehydes leads to closure of L-type calcium 

channels, which decreases cystosolic calcium. Lower cystosolic calcium levels reduce systemic vas-

cular resistance and blood pressure [244, 245]. Mechanisms of action are summarized in Table 5.9 

and depicted in Figure 5.6. R-alpha-lipoic acid lowers BP in humans in doses of about 200 mg/day.
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TABLE 5.9 
Alpha-Lipoic Acid Mechanisms of Action
 1. Increases levels of glutathione, cysteine, vitamin C and E.

 2. Binds endogenous aldehydes, reduces production, and increases excretion.

 3.  Normalizes membrane calcium channels by providing sulfhydryl groups (-SH) which reduces cytosolic free calcium, 

SVR, vascular tone, and BP. DHLA is redox partner of alpha lipoic acid.

 4.  Improves insulin sensitivity and glucose metabolism, reduces advanced glycosylation and products (AGEs) and thus 

aldehydes.

 5.  Increases NO levels, stability, and duration of action via increase nitrosothiols such as S-nitrosocysteine and 

S-nitroglutathione which carry NO.

 6. Reduces cytokine-induced generation of NO (iNOS).

 7.  Inhibits release and translocation of NFκB from cytoplasm into nucleus of cell which decreases controlled gene 

transcription and regulation of endothelin-I, tissue factor, VCAM-1.

 8.  Improves ED through benefi cial effects on NO, AGEs, vitamin C and E, glutathione, cysteine, endothelin, tissue factor, 

VCAM-1, linoleic and myristic acid.

 9. Reduces monocyte binding to endothelium (VCAM-1).

10. Increases linoleic acid and reduces myristic acid.

Source: [244–245].

FIGURE 5.6 Alpha-lipoic acid: Mechanism—Aldehydes, Oxidative Stress, Ca++ Channels. (From [244, 245].)

 ALA = Alpha-lipoic acid, DHLA = Dihydrolipoic acid, NAC = N-acetyl cysteine, ED = Endothelial dysfunction,

ET1 = Endothelin, TF = Tissue factor, VCAM-1 = Vascular cell adhesion molecule-1
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L-Arginine
L-arginine is an amino acid that is the primary precursor for the production of nitric oxide (NO) 

[246, 247], which has numerous cardiovascular effects [219, 247], mediated through conversion of 

L-arginine to NO by endothelial NOS to increase cyclic GMP levels in vascular smooth muscle, 
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improve ED, and reduce vascular tone and BP [248]. Patients with hypertension, hyperlipidemia, 

and atherosclerosis have elevated serum levels of asymmetric dimethylarginine, which inactivates 

NO [219, 249].

Human studies in hypertensive and normotensive subjects of parenteral and oral administrations 

of L-arginine demonstrate an antihypertensive effect [248, 250–252]. Siani et al. [248] evaluated 

six healthy [253], normotensive volunteers. Diet one was the control diet containing 3.5 to 4 g of 

L-arginine per day. Diet two contained natural-arginine-enriched foods at 10 g of L-arginine per 

day. Diet three consisted of diet one plus an L-arginine supplement of 10 g/day. The BP decreased 

signifi cantly in both diets two and three. In diet two, the BP fell 6.2/5.0 mm Hg (p < 0.03 for SBP and 

p < 0.002 for DBP). In diet three, the BP fell 6.2/6.8 mm Hg (p < 0.01 for SBP and p < 0.006 for 

DBP).

L-arginine is not normally the rate-limiting step in NO synthesis [254, 255]. Alternative mecha-

nisms may exist whereby l-arginine lowers BP through direct effects of the amino acid on the 

vasculature or endothelium, as well as release of hormones, vasodilating prostaglandins, improved 

renal NO or endothelial NO bioavailability [248].

Taurine
Taurine is a sulfonic beta-amino acid that has been used to treat hypertension [256–258], hyper-

cholesterolemia, arrhythmias, atherosclerosis, CHF, and other cardiovascular conditions [256, 257, 

259–261].

Human studies have noted that essential hypertensive subjects have reduced urinary taurine 

as well as other sulfur amino acids [262, 263]. Taurine lowers BP [258–261, 264, 265] and 

HR [260]; decreases arrhythmias [260], CHF symptoms [260], and SNS activity [258, 260]; 

increases urinary sodium [264, 266]; and decreases PRA, aldosterone [266], plasma norepi-

nephrine [265], and plasma and urinary epinephrine [258, 267]. A study of 31 Japanese males 

with essential hypertension placed on an exercise program for 10 weeks showed a 26% increase 

in taurine levels and a 287% increase in cysteine levels. The BP reduction of 14.8/6.6 mm Hg 

was proportional to both taurine level elevations and plasma norepinephrine reduction. Fujita 

et al. [258] reduced BP 9/4.1 mm Hg (p < 0.05) in 19 hypertension subjects given 6 g of taurine 

for 7 days.

Concomitant use of enalapril with taurine provides additive reductions in BP, LVH, arrhyth-

mias [268, 269], and platelet aggregation [269]. The recommended dose of taurine is 2 to 

3 g/day at which no adverse effects are noted, but higher doses may be needed to reduce BP 

signifi cantly [258].

Specifi c Foods
Garlic
Clinical trials utilizing the correct type and dose of garlic have shown consistent reductions in BP 

in hypertensive patients [12, 165, 270–279]. Not all garlic preparations are processed similarly and 

are not comparable in antihypertensive potency [280–290]. There is a consistent dose-dependent 

reduction in BP with garlic mediated through the renin angiotensin aldosterone system and the NO 

system (see Table 5.10) [281].

Approximately 10,000 μg of allicin per day, the amount contained in four cloves or 4 g of 

garlic, is required to achieve a signifi cant BP-lowering effect [12, 270, 271]. In humans the 

average reduction in SBP is 5 to 8 mm Hg [291]. Garlic is probably a natural ACEI and CCB 

that increases bradykinin and NO-inducing vasodilation, reducing systemic vascular resistance 

(SVR) and BP and improving vascular compliance. Studies supporting the various mechanisms 

of action are presented in Table 5.10.

Approximately 30 hypertensive clinical trials have been completed to date, and 23 reported 

results with placebo control, four used nonplacebo controls, and three did not report results [291]. 
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These trials studied BP as the primary outcome, and seven excluded concomitant antihypertensive 

medications. Signifi cant reductions in DBP of 2% to 7% were noted in three trials and reductions in 

SBP of 3% in one trial when compared to placebo. Other trials reported BP reductions in the garlic-

treated subjects (within-group comparisons).

Seaweed
Wakame (Undaria Pinnatifi da) is the most popular, edible seaweed in Japan [292]. In humans, 

3.3 g of dried Wakame for 4 weeks signifi cantly reduced both the SBP 14 + 3 mm Hg and 

the DBP 5 + 2 mm Hg (p < 0.01) [293]. A study of 62 middle-aged, male patients with mild 

hypertension given a potassium-loaded, ion-exchanging sodium-adsorbing potassium-releasing 

seaweed preparation showed signifi cant BP reductions at 4 weeks on 12 and 24 g/day of the 

seaweed (p < 0.01) [294]. The MAP fell 11.2 mm Hg (p < 0.001) in the sodium-sensitive patients 

and 5.7 mm Hg (p < 0.05) in the sodium-insensitive patients, which correlated with plasma ren-

nin activity (PRA).

The primary effect of Wakame appears to be through its ACEI activity from at least four parent 

tetrapeptides and possibly their dipeptide and tripeptide metabolites, especially those containing 

the amino acid sequence tyrosine-lysine in some combination [292]. Its long-term use in Japan has 

demonstrated its safety. Many other foods have demonstrated ACEI activity in vitro, but whether 

they are active after oral ingestion in vivo remains to be proven in human studies [282, 285, 289, 

290, 292, 295–311] (Table 5.11).

Celery
Animal studies have demonstrated a signifi cant reduction in BP using a component of celery oil, 

3-N-butyl phthalide [312, 313]. Celery, celery extract, and celery oil contain apigenin, which relaxes 

vascular smooth muscle. CCB-like substances and components that inhibit tyrosine hydroxylase, 

which reduces plasma catecholamine levels, lower SVR and BP [312, 313]. Consuming four stalks 

of celery per day, 8 teaspoons of celery juice three times daily, or its equivalent in extract form of 

celery seed (1000 mg twice a day) or oil (one-half to 1 teaspoon three times daily in tincture form) 

seems to provide an antihypertensive effect in human essential hypertension [255, 313–315]. In a 

Chinese study of 16 hypertensive subjects, 14 had signifi cant reductions in BP [313–315]. Celery 

also has diuretic effects that may reduce BP [313–315].

Pycnogenol
Pycnogenol, a bark extract from the French maritime pine, at doses of 200 mg/day resulted in a 

signifi cant reduction in systolic BP from 139.9 to 132.7 mm Hg (p < 0.05) in 11 patients with mild 

TABLE 5.10 
Garlic: Mechanism of Action
• ACEi (Gamma-glutamyl peptides, fl avonolic compounds)

• Increase NO [228]

• Decrease sensitivity to NE [228]

• Increase adenosine [228, 229, 230, 231]

• Vasodilation and reduced SVR [277]

• Inhibit AA metabolites (TxA2) [277]

• Reduced aortic stiffness [277]

• Magnesium (natural CCB vasodilator)

• Decreased ROS

Source: [117, 273, 280–290].
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TABLE 5.11
Natural Antihypertensive Compounds Categorized by Antihypertensive Class
Diuretics

1. Hawthorne berry   8. Mg++

2. Vitamin B6 (pyridoxine)   9. Ca++

3. Taurine 10. Protein

4. Celery 11. Fiber

5. GLA 12. CoQ10

6. Vitamin C (ascorbic acid) 13. L-Carnitine 

7. K+

Beta Blockers
1. Hawthorne berry

Central Alpha Agonists (reduce sympathetic 
nervous system activity)
1. Taurine   7. Vitamin C

2. K+   8. Vitamin B6

3. Zinc   9. CoQ10

4. Na+ restriction 10. Celery

5. Protein 11.  Gamma linolenic acid/dihomo gamma linolenic acid 

(GLA/DGLA)

6. Fiber 12. Garlic

Direct Vasodilators
1. Omega-3 FA   9. Flavonoids

2. MUFA (omega-9 fatty acid) 10. Vitamin C

3. K+ 11. Vitamin E

4. Mg++ 12. CoQ10

5. Ca++ 13. L-Arginine

6. Soy 14. Taurine

7. Fiber 15. Celery

8. Garlic 16. Alpha linolenic acid

Calcium Channel Blockers (CCB)
1. Alpha lipoic acid   7. Hawthorne berry

2. Vitamin C (ascorbic acid)   8. Celery

3. Vitamin B6 (pyridoxine)   9. Omega-3 fatty acids (EPA and DHA)

4. Magnesium (Mg++) 10. Calcium

5. N-acetylcysteine 11. Garlic

6. Vitamin E

Angiotensin Converting Enzyme Inhibitors (ACEI)
  1. Garlic 11. Gelatin

  2. Seaweed–various (Wakame, etc.) 12. Sake

  3. Tuna protein/muscle 13. Essential fatty acids (omega-3 fatty acids)

  4. Sardine protein/muscle 14. Chicken egg yolks

  5. Hawthorne berry 15. Zein

  6. Bonito fi sh (dried) 16. Dried salted fi sh

  7. Pycnogenol 17. Fish sauce

  8. Casein 18. Zinc

  9. Hydrolyzed whey protein 19. Hydrolyzed wheat germ isolate

10. Sour milk

Angiotensin Receptor Blockers (ARBs)
1. Potassium (K+) 5. Vitamin B6 (pyridoxine)

2. Fiber 6. CoQ10

3. Garlic 7. Celery

4. Vitamin C 8.  Gamma linolenic acid/dihomo gamma linolenic acid 

(GLA/DGLA)
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hypertension over 8 weeks. Diastolic BP fell from 93.8 to 92.0 mm Hg (NS). Serum thromboxane 

concentrations were signifi cantly reduced (p < 0.05) [316].

V. PHARMACOLOGY

Many of the natural compounds in food, certain nutraceutical supplements, vitamins, antioxidants, 

or minerals function in a similar fashion to a specifi c class of antihypertensive drugs. Although 

the potency of these natural compounds may be less than the antihypertensive drug, when used in 

combination with other nutrients and nutraceuticals, the antihypertensive effect is magnifi ed. Many 

of these nutrients have varied, additive, and synergistic mechanisms of action in lowering BP. Table 

5.11 summarizes these natural compounds into the major antihypertensive drug classes such as 

diuretics, beta blockers, central alpha agonists, calcium channel blockers, angiotensin-converting 

enzyme inhibitors, and angiotensin receptor blockers.

VI. SUMMARY AND RECOMMENDATIONS

 1. Endothelial dysfunction and vascular smooth muscle dysfunction play a primary role in the 

initiation and perpetuation of hypertension, CVD, and TOD.

 2. Nutrient-gene interactions are a predominant factor in promoting benefi cial or detrimental 

effects in cardiovascular health and hypertension.

 3. Natural whole foods and supplemental nutrients can prevent, control, and treat hyperten-

sion through numerous vascular biology mechanisms.

 4. Oxidative stress initiates and propagates hypertension and cardiovascular disease.

 5. Antioxidants can prevent and treat hypertension.

 6. Whole-food and phytonutrient concentrates of fruits, vegetables, and fi ber with natural 

combinations of balanced phytochemicals, nutrients, antioxidants, vitamins, minerals, and 

appropriate macronutrients and micronutrients are generally superior to single component 

or isolated artifi cial or single component natural substances for the prevention and treat-

ment of hypertension and CVD.

 7. There is a role for the selected use of single and component nutraceuticals, vitamins, anti-

oxidants, and minerals in the treatment of hypertension based on scientifi cally controlled 

studies as a complement to optimal nutritional, dietary intake from food and other lifestyle 

modifi cations.

 8. Exercise, weight reduction, smoking cessation, alcohol and caffeine restriction, as well as 

other changes in lifestyle must be incorporated.

The clinical approach we use in our clinic is as follows:

Nutrition Daily Intake
1. DASH I, DASH II-Na+ and PREMIER diets —

2. Sodium restriction 50–100 mmol

3. Potassium 100 mEq

4. Potassium/sodium ratio > 5:1

5. Magnesium 1000 mg

6. Zinc 25–50 mg

7. Protein: total intake (30% total calories) 1.0–1.8 g/kg

 A. Nonanimal sources preferred but lean or wild animal

  protein in moderation is acceptable

 B. Hydrolyzed whey protein 30 g

 C. Soy protein (fermented is best) 30 g

 D. Sardine muscle concentrate extract 3 mg

 E. Coldwater fi sh 3x/week

 F. Fowl, poultry 3–4/week
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8. Fats: 30% total calories

 A. Omega-3 fatty acids PUFA 2–3 g

  (DHA, EPA, coldwater fi sh)

 B. Omega-6 fatty acids PUFA 1 g

  (canola oil, nuts)

 C. Omega-9 fatty acids MUFA 4 tablespoons or

  (extra virgin olive oil) (olives)  5–10 olives

 D. Saturated FA (lean, wild animal meat) (30%) <10% total calories

 E. P/S ratio (polyunsaturated/saturated) fats  > 2.0

 F. Omega-3/Omega-6 PUFA ratio 1:1–1:2

 G. No trans fatty acids  (0%)

  (hydrogenated margarines, vegetable oils)

 H. Nuts: almonds, walnuts, hazelnuts, etc.

10. Carbohydrates (30% to 40% total calories)

 A. Reduce or eliminate refi ned sugars and simple 

  carbohydrates

 B. Increase complex carbohydrates and fi ber 

  whole grains (oat, barley, wheat)

  vegetables, beans, legumes,

  i.e., oatmeal or 60 g

  oatbran (dry) or 40 g

  beta-glucan or 3 g

  psyllium 7 g

11. Garlic 4 cloves/d

12. Wakame seaweed (dried) 3.0–3.5 g

13. Celery

 Celery stalks or 4 stalks

 Celery juice or 8 teaspoons TID

 Celery seed extract or 1000 mg BID

 Celery oil (tincture) ½–1 teaspoon TID

14. Lycopene 10 mg

 Tomatoes and tomato products,

 guava, watermelon, apricots, pink grapefruit, papaya

Exercise Recommendation
 • Aerobically 7 days/weeks

   60 minutes day

   4200 KJ/week

 • Resistance training 3x/week to daily

Weight Loss Recommendation
 • To ideal body weight (IBW)

 • Lose 1–2 pounds/week

 • Body mass index (BMI) < 25

 • Waist circumference < 35 inches in female

  < 40 inches in male

 • Total body fat < 16% in males

  < 22% in females

 • Increase lean muscle mass

Alcohol Restriction Recommendation < 20 g/day
  Wine  < 10 ounces (preferred – red wine)

  Beer  < 24 ounces

  Liquor  < 2 ounces (100 proof whiskey)
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Caffeine Elimination NONE

Tobacco and Smoking STOP

Avoid Drugs and Interactions That Increase BP

Vitamins, Antioxidants, and Nutraceutical Supplements Daily Intake
 1. Vitamin C 250 to 500 mg BID

 2. Vitamin B6 100 mg QD to BID

 3. CoQ10  60 mg QD to BID

 4. Lipoic acid (with biotin) 100 to 200 mg BID

 5. Taurine 1.0 to 1.5 grams BID

 6. L-arginine (food and supplements) 5 grams BID
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6 Congestive Heart Failure 
and Cardiomyopathy 

The Metabolic Cardiology Solution

Stephen T. Sinatra, M.D.

I. INTRODUCTION 

The consensus opinion is that failing hearts are energy starved. Disruption in the metabolic pro-

cesses controlling myocardial energy metabolism is characteristic in failing hearts, and this loss of 

energetic balance directly impacts heart function. Treatment options that include metabolic inter-

vention with therapies shown to preserve energy substrates or accelerate energy turnover are indi-

cated for at-risk populations or patients at any stage of disease. 

II. EPIDEMIOLOGY

More than 5 million Americans suffer from chronic congestive heart failure (CHF) and 550,000 new 

cases are diagnosed annually, making CHF the most costly diagnosis in the Medicare  population 

and the most common cause of hospitalization in patients over age 65. With an aging population, the 

number of CHF cases continues to grow annually, as evidenced by the growth in hospital discharges, 

which increased from 400,000 in 1979 to more than 1.08 million in 2005, or 171%. 

Approximately 28% of men and women over the age of 45 have mild to moderate diastolic dys-

function with preserved ejection fraction.1 Decline in diastolic heart function marks an early stage 

of disease that can progress in the absence of clinical and metabolic intervention. 

The same study presented additional data that CHF is a growing medical concern, with the life-

time risk of developing CHF for those over the age of 40 years now at 20%, a level well in excess of 

many conditions commonly monitored with age.1

III. PATHOPHYSIOLOGY

CHF is a clinical syndrome characterized by well-established symptoms, clinical fi ndings, and 

standard of care pharmaceutical interventions. CHF occurs when the heart muscle weakens or the 

myocardial wall becomes stiff, resulting in an inability to meet the metabolic demands of the periph-

eral tissues. This chronic condition is predisposed by hypertension, cardiac insult such as myocar-

dial infarction, ischemic heart disease, valvular disease, chronic alcohol abuse, or infection of the 

heart muscle, to mention a few. They all contribute to dysfunction or permanent loss of myocytes 

and decrease in contractility, cardiac output, and perfusion to vital organs of the body. Frequently, 

excess fl uid accumulates in the liver, lungs, lining of the intestines, and the lower extremities. 
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Many cardiovascular diseases such as hypertension, coronary artery disease, and cardiomyo-

pathies can lead to the progressive onset of CHF that is accompanied by systolic and/or diastolic 

dysfunction. Most patients with systolic cardiac dysfunction exhibit some degree of diastolic involve-

ment, but approximately half of patients with CHF show marked impairment of diastolic function 

with well-preserved ejection fraction. Defi cits in both systolic and diastolic dysfunction frequently 

go undiagnosed until onset of overt heart failure.

BASICS OF CARDIAC ENERGY METABOLISM

It is now widely accepted that one characteristic of the failing heart is the persistent and progressive 

loss of energy. The requirement for energy to support the systolic and diastolic work of the heart 

is absolute. Therefore, a disruption in cardiac energy metabolism, and the energy supply–demand 

mismatch that results, can be identifi ed as the pivotal factor contributing to the inability of failing 

hearts to meet the hemodynamic requirements of the body. In her landmark book, ATP and the 
Heart, Joanne Ingwall2 describes the metabolic maelstrom associated with the progression of CHF, 

and identifi es the mechanisms that lead to a persistent loss of cardiac energy reserves as the disease 

process unfolds. 

The heart contains approximately 700 milligrams of ATP, enough to fuel about 10 heartbeats. 

At a rate of 60 beats per minute, the heart will beat 86,400 times in the average day, forcing the 

heart to produce and consume an amazing 6000 g of ATP daily, and causing it to recycle its ATP 

pool 10,000 times every day. This process of energy recycling occurs primarily in the mitochondria 

of the myocyte. These organelles produce more than 90% of the energy consumed in the healthy 

heart, and in the heart cell, the approximately 3500 mitochondria fi ll about 35% of the cell vol-

ume. Disruption in mitochondrial function signifi cantly restricts the energy-producing processes of 

the heart, causing a clinically relevant impact on heart function that translates to peripheral tissue 

involvement.

The heart consumes more energy per gram than any other organ, and the chemical energy that 

fuels the heart comes primarily from adenosine triphosphate, or ATP (Figure 6.1). The chemical 

energy held in ATP is resident in the phosphoryl bonds, with the greatest amount of energy resid-

ing in the outermost bond holding the ultimate phosphoryl group to the penultimate group. When 

energy is required to provide the chemical driving force to a cell, this ultimate phosphoryl bond is 

broken and chemical energy is released. The cell then converts this chemical energy to mechanical 

energy to do work. In the case of the heart, this energy is used to sustain contraction, drive ion pump 

function, synthesize large and small molecules, and perform other necessary activities of the cell. 

FIGURE 6.1 The ATP molecule.
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The consumption of ATP in the supply of cellular energy yields the metabolic byproducts adenosine 

diphosphate (ADP) and inorganic phosphate (Pi). A variety of metabolic mechanisms have evolved 

within the cell to provide rapid rephosphorylation of ADP to restore ATP levels and maintain the 

cellular energy pool. In signifi cant ways, these metabolic mechanisms are disrupted in CHF, tipping 

the balance in a manner that creates a chronic energy supply–demand mismatch. 

The normal nonischemic heart is capable of maintaining a stable ATP concentration despite 

large fl uctuations in workload and energy demand. In a normal heart, the rate of ATP synthesis via 

rephosphorylation of ADP closely matches ATP utilization. The primary site of ATP rephospho-

rylation is the mitochondria, where fatty acid and carbohydrate metabolic products fl ux down the 

oxidative phosphorylation pathways. ATP recycling can also occur in the cytosol via the glycolytic 

pathway of glucose metabolism, but in normal hearts this pathway accounts for only about 10% of 

ATP turnover. ATP levels are also maintained through the action of creatine kinase in a reaction 

that transfers a high-energy phosphate creatine phosphate (PCr) to ADP to yield ATP and free 

creatine. Because the creatine kinase reaction is approximately 10-fold faster than ATP synthesis 

via oxidative phosphorylation, creatine phosphate acts as a buffer to assure a consistent avail-

ability of ATP in times of acute high metabolic demand. Although there is approximately twice 

as much creatine phosphate in the cell as ATP, there is still only enough to supply energy to drive 

about 10 heartbeats, making the maintenance of high levels of ATP availability critical to cardiac 

function. 

The content of ATP in heart cells progressively falls in CHF, frequently reaching and then stabi-

lizing at levels that are 25% to 30% lower than normal.3,4 The fact that ATP falls in the failing heart 

means that the metabolic network responsible for maintaining the balance between energy supply 

and demand is no longer functioning normally in these hearts. It is well established that oxygen 

deprivation in ischemic hearts contributes to the depletion of myocardial energy pools,2,4 but the 

loss of energy substrates in the failing heart is a unique example of chronic metabolic failure in the 

well-oxygenated myocardium. The mechanism explaining energy depletion in heart failure is the 

loss of energy substrates and the delay in their re-synthesis. In conditions where energy demand 

outstrips supply, ATP is consumed at a rate that is faster than it can be restored via oxidative phos-

phorylation or the alternative pathways of ADP rephosphorylation. The net result of this energy 

overconsumption is the loss of ATP catabolic products that leave the cell by passing across the cell 

membrane into the bloodstream. This loss of catabolic byproducts lowers the cellular concentration 

of energy substrates and depletes energy reserves. In diseased hearts the energy pool depletion via 

this mechanism can be signifi cant, reaching levels that exceed 40% in ischemic heart disease and 

30% in heart failure.

Under high workload conditions, even normal hearts display a minimal loss of energy substrates. 

These substrates must be restored via the de novo pathway of ATP synthesis. This pathway is 

slow and energy costly, requiring consumption of six high-energy phosphates to yield one newly 

synthesized ATP molecule. The slow speed and high-energy cost of de novo synthesis highlights 

the importance of cellular mechanisms designed to preserve energy pools. In normal hearts the 

salvage pathways are the predominant means by which the ATP pool is maintained. While de novo 

synthesis of ATP proceeds at a rate of approximately 0.02 nM/min/g in the heart, the salvage path-

ways operate at a 10-fold higher rate.5 The function of both the de novo and salvage pathways of 

ATP synthesis is limited by the cellular availability of 5-phosphoribosyl-1-pyrophosphate, or PRPP 

(Figure 6.2). PRPP initiates these synthetic reactions, and is the sole compound capable of donating 

the D-ribose-5-phosphate moiety required to re-form ATP and preserve the energy pool. In muscle 

tissue, including that of the heart, formation of PRPP is slow and rate limited, impacting the rate of 

ATP restoration via the de novo and salvage pathways. 

ENERGY STARVATION IN THE FAILING HEART

The long-term mechanism explaining the loss of ATP in CHF is decreased capacity for ATP synthesis 

relative to ATP demand. In part, the disparity between energy supply and demand in hypertrophied 
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and failing hearts is associated with a shift in relative contribution of fatty acid versus glucose oxi-

dation to ATP synthesis. The major consequence of the complex readjustment toward carbohydrate 

metabolism is that the total capacity for ATP synthesis decreases, while the demand for ATP con-

tinually increases as hearts work harder to circulate blood in the face of increased fi lling pressures 

associated with CHF and hypertrophy. The net result of this energy supply–demand mismatch is 

a decrease in the absolute concentration of ATP in the failing heart; this decrease in absolute ATP 

level is refl ected in lower energy reserve in the failing and hypertrophied heart. A declining energy 

reserve is directly related to heart function, with diastolic function being fi rst affected, followed by 

systolic function, and fi nally global performance (Figure 6.3).

LaPlace’s law confi rms that pressure overload increases energy consumption in the face of abnor-

malities in energy supply. In failing hearts these energetic changes become more profound as left 

FIGURE 6.2 De novo synthesis and salvage of energy compounds.
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ventricle remodeling proceeds,6–8 but they are also evident in the early development of the disease.9 

It has also been found that similar adaptations occur in the atrium, with energetic abnormalities 

constituting a component of the substrate for atrial fi brillation in CHF.10 Left ventricular hyper-

trophy is initially an adaptive response to chronic pressure overload, but it is ultimately associated 

with a 10-fold greater likelihood of subsequent chronic CHF. While metabolic abnormalities are 

persistent in CHF and left ventricular hypertrophy, at least half of all patients with left ventricular 

hypertrophy–associated heart failure have preserved systolic function, a condition referred to as 

diastolic heart failure. 

Oxidative phosphorylation is directly related to oxygen consumption, which is not decreased in 

patients with pressure-overload left ventricular hypertrophy.11 Metabolic energy defects, instead, 

relate to the absolute size of the energy pool and the kinetics of ATP turnover through oxidative 

phosphorylation and creatine kinase. The defi cit in ATP kinetics is similar in both systolic and 

diastolic heart failure and may be both an initiating event and a consequence. Inadequate ATP 

availability would be expected to initiate and accentuate the adverse consequences of abnormalities 

in energy-dependent pathways. Factors that increase energy demand, such as adrenergic stimula-

tion and biochemical remodeling, exaggerate the energetic defi cit. Consequently, the hypertrophied 

heart is more metabolically susceptible to stressors such as increased chronotropic and inotropic 

demand, and ischemia. 

In humans, this metabolic defi cit is shown to be greater in compensated left ventricular hyper-

trophy (with or without concomitant CHF) than in dilated cardiomyopathy.12,13 Hypertensive heart 

disease alone was not shown to contribute to alterations in high-energy phosphate metabolism, but 

it can contribute to left ventricular hypertrophy and diastolic dysfunction that can later alter cardiac 

energetics.14,15 Further, for a similar clinical degree of heart failure, volume overload hypertrophy 

does not, but pressure overload does, induce signifi cant high-energy phosphate impairment.16 Type 

2 diabetes has also been shown to contribute to altering myocardial energy metabolism early in the 

onset of diabetes, and these alterations in cardiac energetics may contribute to left ventricular func-

tional changes.17 The effect of age on progression of energetic altering has also been reviewed, with 

results of both human18 and animal19 studies suggesting that increasing age plays a moderate role in 

the progressive changes in cardiac energy metabolism that correlates to diastolic dysfunction, left 

ventricular mass, and ejection fraction.

Cardiac energetics also provide important prognostic information in patients with heart failure, 

and determining the myocardial contractile reserve has been suggested as a method of differentiat-

ing which patients would most likely respond to cardiac resynchronization therapy (CRT) seeking 

to reverse LV remodeling.20 Patients with a positive contractile reserve are more likely to respond 

to CRT and reverse remodeling of the left ventricle. Nonresponders show a negative contractile 

reserve, suggesting increased abnormality in cardiac energetics. 

Studies confi rm that energy metabolism in CHF and left ventricular hypertrophy is of vital clini-

cal importance impacting both the heart and peripheral tissue. Loss of diastolic function associated 

with energy depletion can directly affect diastolic fi lling and stroke volume, limiting the delivery of 

oxygen-rich blood to the periphery. This chronic oxygen deprivation forces peripheral tissue, espe-

cially muscle, to adjust and down-regulate energy turnover mechanisms, a contributing cause of 

peripheral tissue involvement in CHF and a factor in the symptoms of fatigue, dyspnea, and muscle 

pain associated with the disease.

IV. PATIENT EVALUATION

While the symptoms of CHF are well known and diagnostic procedures are defi ned, early diastolic 

dysfunction may be more diffi cult to diagnose. Clinical suspicion can be raised by the symptoms 

of shortness of breath and fatigue. While CHF can generally be determined by a careful physical 

examination and chest x-ray, more complex cases may require further assessment, such as that 
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uncovered by increases in B-type natriuretic peptide (BNP) or by right heart catheterization. An 

echocardiogram with careful assessment of the mitral valve velocity and function will assist the 

clinician in making the diagnosis. 

It should be noted that a presumption of energy defi ciency in all patients presenting with CHF 

symptoms is warranted. While the absolute energy requirement for diastolic fi lling exceeds that of 

systolic emptying, patients with systolic heart failure frequently present with diastolic and periph-

eral tissue involvement. Therefore, energy defi ciency should be a paramount consideration.

Blood levels of certain of the nutrients involved in energy production can be assayed and have 

been shown to correlate with cardiomyocyte energy needs. Assays for free L-carnitine and CoQ10 

are not routinely done by hospitals with the exception of the Mayo Clinic, but testing is routinely 

available and blood levels of CoQ10 and L-carnitine can be determined by qualifi ed medical 

diagnostic laboratories, such as Quest Diagnostics or Metametrix Clinical Laboratory. The nor-

mal ranges show considerable variation. In my own clinical experience after testing hundreds of 

patients, I feel that the normal baseline levels of CoQ10 and L-carnitine approximate the plasma 

baseline levels of the Mayo Clinic, which are 0.43–1.53 μg/mL and 25–54 μmol/L for CoQ10 and 

free L-carnitine, respectively. 

Although the medical literature generally supports the use of CoQ10 in CHF, the evaluated 

dose-response relationships for the nutrient have been confi ned to a narrow dose range, with the 

majority of clinical studies having been conducted in doses ranging from 90 to 200 mg daily. 

At such doses, some patients have responded, while others have not. In my patients with moderate 

to severe CHF or dilated cardiomyopathy, I generally use higher doses of CoQ10 in ranges of 

300 to 600 mg in order to get a biosensitive result frequently requiring a blood level greater 

than 2.5 μg/mL and preferably up to 3.5 μg/mL.21,22 Blood levels are particularly important and 

should be ordered, especially in patients who do not respond clinically when higher doses of 

CoQ10 and carnitine are utilized. 

Some specialty laboratories provide both normal and optimal ranges. The slightly higher 

optimal range is clinically meaningful and more refl ective of the range needed for patients with 

CHF. Since L-carnitine is predominantly made in the liver and kidney, additional consideration 

should be given to patients with renal failure or insuffi ciency because low levels of L-carnitine 

may adversely affect multiple organ systems. I suggest testing these patients more frequently to 

monitor L-carnitine levels in an attempt to move them into the optimum range. To maintain a 

blood level of L-carnitine suffi cient to impact cardiac energy metabolism in CHF, I recommend 

2000 to 2500 mg/day. Since L-carnitine is not well absorbed, smaller doses given multiple times a 

day on an empty stomach appear to be most effective. Most preparations of L-carnitine are offered 

in capsules. Patients on the medications listed in Table 6.1 are also at risk for low serum levels and 

priority should be placed on diagnostic testing in these patients.

D-ribose is produced by each cell individually and is not transported from one tissue to another. 

Therefore, a minimal blood level has not been established. In all energy-depleted patients, a lack of 

adequate D-ribose should be presumed, since the natural synthesis of D-ribose in tissue is generally 

inadequate to preserve or restore tissue energy levels in conditions of chronic energy defi ciency. 

Blood levels of D-ribose range from 0.0 to 3.0 mg/dL and can be evaluated by laboratory evaluation, 

but results are of limited diagnostic value.

TABLE 6.1
Nutrient-Drug Interactions for Energy Nutrients
Nutrient Drugs Depleting Tissue Levels

D-Ribose There are no known nutrient-drug interactions

CoQ10 Statins, beta blockers, oral hypoglycemic agents, certain antidepressants

L-Carnitine Dilantin
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V. PHARMACOLOGIC TREATMENT

In large part, the objective of drug therapy is to inhibit certain of the compensatory mechanisms that 

may contribute to progression of CHF.

First-line pharmaceutical therapies for CHF include angiotensin-converting enzyme (ACE) 

inhibitors, diuretics, and digoxin. Angiotensin receptor blockers (ARBs) are also used as alterna-

tives to ACE inhibitors in patients who are unable to tolerate the side effects of ACE inhibitors—

cough being the most common and annoying symptom. Beta blockers have shown promising results 

in clinical trials designed to evaluate improvement in quality of life, exercise tolerance, and func-

tional classifi cation. Various types of diuretics are often utilized when fl uid retention interferes with 

quality-of-life issues such as dyspnea and/or peripheral edema. 

Digoxin, a natural constituent of the foxglove fl owering plant, exerts a mild positive inotro-

pic effect on cardiac contractility by inhibiting sodium-potassium pump function. Inhibiting this 

pump leads to accumulation of calcium within the cell, making it available to myosin to promote 

contraction. In general, however, while inotropic agents relieve symptoms in CHF patients, there 

is no evidence they prolong life and, in fact, may worsen the mortality rate. Inotropic agents such 

as Dobutamine increase contractility and cardiac output, but may force the heart to work beyond 

its energetic reserve, further reducing the cardiac energy pool. Inotropic agents may increase the 

frequency of cardiac arrhythmias and the potential for sudden cardiac death, effects that may be 

exacerbated by depletion of the cardiac energy pool. 

Although the pharmacological treatment of CHF improves symptoms, the options are often lim-

ited. An integrative approach with positive lifestyle considerations and nutraceutical support will 

improve quality of life and reduce human suffering. Nutraceutical support with energy-enhancing 

nutraceuticals has improved quality-of-life issues in patients awaiting heart transplant. In my per-

sonal experience I’ve had several patients taken off transplant lists who improved so much while 

waiting for a transplant that they decided not to undergo the surgery.

VI. FOOD AND NUTRIENT TREATMENT

One of the major issues associated with heart failure is fl uid retention. Compensatory mechanisms 

in heart failure lead to fl uid and sodium retention to maintain blood pressure. Processed foods fur-

ther increase fl uid retention, an effect that may lead to increased blood pressure that could aggravate 

the energy-depleted condition. 

Conversely, CHF patients are frequently defi cient in magnesium and potassium, which are 

depleted in heart failure often by the use of diuretic medications. Low potassium can increase blood 

pressure, while depleted magnesium can lead to a number of factors, including poor energy metabo-

lism and insulin resistance. Similarly, thiamin levels can be low in CHF, and this can further sodium 

retention and disease progression. Finally, patients with CHF should limit fl uid consumption to two 

quarts per day. Fluids are broadly defi ned as foods that are liquid at room temperature, and therefore 

include water, milk, juices, Jell-O or gelatins, popsicles, and ice cream (see Table 6.2).

Because the failing heart shows a shift in metabolism from fatty acids to carbohydrates, and 

since ischemic disease contributes to CHF progression by depleting ATP substrates, dyslipidemia 

resulting from consumption of fatty foods is problematic. Patients should be instructed to choose 

lower fat dairy products, lean meats and fi sh, and to prepare foods with no added fat (see Table 6.3). 

This is a dilemma with diet alone because vegetarians generally have lower serum levels of CoQ10 

and L-carnitine. Supplemental dosing can help avoid a diet high in saturated fats.

Energy metabolic defi cit is additionally related to depletion of cellular compounds that contrib-

ute to energy metabolism, notably the pentose D-ribose, CoQ10, and L-carnitine. These nutrients 

are provided by foods that are metabolically active, such as red meat, heart, and liver. The normal 

diet is generally not adequate to provide suffi cient levels of these nutrients and supplemental con-

sumption is strongly recommended. Although one 6-ounce portion of wild Alaskan salmon may 

well provide 10–15 mg of CoQ10, it would take the equivalent of 10 pounds of salmon to give the 
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additional CoQ10 required to help make a difference in the compromised patient with CHF. This 

dietary scenario is not possible or practical. 

D-ribose is a pentose carbohydrate that is found in every living tissue. Natural synthesis is via the 

oxidative pentose phosphate pathway of glucose metabolism, but the poor expression of gatekeeper 

enzymes glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase limit its 

natural production in heart and muscle tissue. The primary metabolic fate of D-ribose is the forma-

tion of 5-phosphoribosyl-1-pyrophosphate (PRPP) required for energy synthesis and salvage. The 

concentration of PRPP in tissue defi nes the rate of fl ux down the energy synthetic pathway and, in 

this way, ribose is rate limiting for preservation of the cellular energy pool. As a pentose, D-ribose 

is not consumed by cells as a primary energy fuel. Instead, ribose is preserved for the metabolic task 

of stimulating de novo energy synthesis and salvage.

CoQ10 resides in the electron transport chain of the mitochondria and is vital for progression of 

oxidative phosphorylation. In CHF, oxidative phosphorylation slows due to a loss of mitochondrial 

protein and lack of expression of key enzymes involved in the cycle. Disruption of mitochondrial 

activity may lead to a loss of CoQ10 that can further depress oxidative phosphorylation. In patients 

taking statin-like drugs, the mitochondrial loss of CoQ10 may be exacerbated by restricted CoQ10 

synthesis resulting from HGM-CoA reductase inhibition. Such a decrease in CoQ10 occurring after 

years of statin therapy may be a major factor in the increase in CHF over the last decades. A 

small study reported in the American Journal of Cardiology demonstrates that diastolic dysfunc-

tion occurs in approximately two-thirds of previously normal patients given low-dose statin therapy. 

Supplemental CoQ10 helps to resurrect the previous vulnerable myocardium.23

Carnitine is derived naturally in the body from the amino acids lysine and methionine. Its prin-

cipal role is to facilitate the transport of fatty acids across the inner mitochondrial membrane to 

initiate beta-oxidation and to remove metabolic waste products from the inner mitochondria for 

disposal. Carnitine also exhibits antioxidant and free radical scavenger properties. Carnitine, like 

CoQ10, is found predominantly in animal fl esh, and defi ciencies in both of these nutrients are 

 realized in those on vegetarian diets. The relationship between carnitine availability in heart tissue, 

carnitine metabolism in the heart, and left ventricular function is elucidated in Table 6.4.

TABLE 6.2
Nutrient Recommendations for Congestive Heart Failure
Nutrient Recommendation

Salt Avoid: Processed salt in fast food, canned soups and sauces, lunch meats, frozen dinners, snack foods.

Magnesium Increase: Wheat germ, navy beans, oatmeal, nuts, seeds, fi gs, tofu, low-fat dairy items, seafood.

Potassium Increase: Fresh fruits and vegetables, beans, whole grains, low-fat dairy items, fi sh, potatoes.

Thiamin Increase: Beans, peas, peanuts, whole grains, eggs, fi sh, poultry.

Fats Avoid: All trans fats. Restrict: Saturated fats

Processed sugars Avoid all. 

Fluids Restrict to 2 quarts per day or less. Alternatives: hard candies or gum to stimulate saliva, ice chips to 

lessen thirst.

TABLE 6.3
Foods High in Energy Nutrients
Energy Nutrient Food Sources (descending order of importance)

D-Ribose Veal, beef

CoQ10 Beef heart, wild salmon, chicken liver

L-Carnitine Mutton, lamb, beef, pork, poultry
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TABLE 6.4
Clinical and Laboratory Evaluation of D-Ribose, CoQ10, and L-Carnitine in Congestive 
Heart Failure
Nutrient Research Result Reference

D-Ribose NYHA Class II/III CHF; Administration resulted in signifi cant improvement in all indices 

of diastolic heart function and led to signifi cant improvement in patient quality of life 

score and exercise tolerance. No tested parameters were improved with glucose (placebo) 

treatment.

25

NYHA Class II-IV CHF; Ribose improved ventilation effi ciency, oxygen uptake 

effi ciency, stroke volume, Doppler Tei Myocardial Performance Index (MPI) and 

ventilatory effi ciency while preserving VO2max. All are powerful predictors of heart 

failure survival. Ribose stimulates energy metabolism along the cardiopulmonary axis, 

thereby improving gas exchange.

25–27

Lewis rat model; Remote myocardium exhibits a decrease in function within four weeks 

following myocardial infarction. To a signifi cant degree, ribose administration prevents the 

dysfunction. Increased workload on the remote myocardium impacts cardiac energy 

metabolism resulting in lower myocardial energy levels. Elevating cardiac energy level 

improves function and may delay chronic changes in a variety of CHF conditions.

28

CoQ10 CHF with dilated cardiomyopathy and/or hypertensive heart disease; Therapy maintained 

blood levels of CoQ10 above 2.0 μg/mL, and allowed 43% of the participants to 

discontinue one to three conventional drugs over the course of the study.

29

Hypertensive heart disease with isolated diastolic dysfunction; Supplementation resulted in 

clinical improvement, lowered elevated blood pressure, enhanced diastolic cardiac 

function, and decreased myocardial wall thickness in 53% of study patients.

30

Idiopathic dilated cardiomyopathy; Signifi cant therapeutic effect of CoQ10. Affi rmed the 

use of SPET-imaging as a way to measure the clinical impact of CoQ10 in hearts. Results 

are signifi cant in that they show even small doses of coenzyme Q10 can have signifi cant 

implications for some patients with dilated cardiomyopathy.

31

End-stage CHF and cardiomyopathy; Designed to determine if CoQ10 could improve the 

pharmacological bridge to transplantation. Signifi cant fi ndings: (1) Following 6 weeks of 

therapy the study group showed elevated blood levels of CoQ10 (0.22 mg/dL to 0.83 mg/

dL, increase of 277%). Placebo group showed no increase (0.18 mg/dL to 0.178 mg/dL). 

(2) Study group showed improvement in 6-minute walk test distance, shortness of breath, 

NYHA functional classifi cation, fatigue, and episodes of waking for nocturnal urination 

with no changes in the placebo group. Results show that therapy may augment 

pharmaceutical treatment of patients with end-stage CHF and cardiomyopathy.

32

L-Carnitine End-stage CHF and transplant; Compared to controls, concentration of carnitine in the heart 

muscle was signifi cantly lower in patients; the level of carnitine in the tissue was directly 

related to ejection fraction. Study concluded that carnitine defi ciency in heart tissue might 

be directly related to heart function.

33

CHF and cardiomyopathy; Patients with CHF had higher plasma and urinary levels of 

carnitine, suggesting that carnitine was being released from the heart. Results showed 

that the level of plasma and urinary carnitine was related to the degree of left ventricular 

systolic dysfunction and ejection fraction, showing that plasma and urinary carnitine levels 

could serve as markers for myocardial damage and impaired left ventricular function.

34

MI survivors; All-cause mortality signifi cantly lower in the carnitine group than the placebo 

group (1.2% and 12.5%, respectively).
35

MI survivors; Patients taking carnitine showed improvement in arrhythmia, angina, onset of 

heart failure, mean infarct size; reduction in total cardiac events. Signifi cant reduction in 

cardiac death and nonfatal infarction versus placebo (15.6% vs. 26.0%, respectively).

36

CHF; Improvement in ejection fraction and a reduction in left ventricular size in carnitine-

treated patients. Combined incidence of CHF death after discharge was lower in the carnitine 

group than the placebo group (6.0% vs. 9.6%, respectively), a reduction of more than 30%.

37
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The therapeutic advantage ribose provides in CHF suggests its value as an adjunct to traditional 

therapy for CHF.24 Researchers and practitioners using ribose in cardiology practice recommend 

a dose range of 10 to 15 g/day as metabolic support for CHF or other heart disease. In my prac-

tice, patients are placed on the higher dose following a regimen of 5 g/dose three times per day. If 

patients respond favorably, the dose is adjusted to 5 g/dose two times per day. Individual doses of 

greater than 10 g are not recommended because high single doses of hygroscopic (water-retaining) 

carbohydrate may cause mild gastrointestinal discomfort or transient lightheadedness.

It is suggested that ribose be administered with meals or mixed in beverages containing a 

secondary carbohydrate source. In diabetic patients prone to hypoglycemia, I frequently recom-

mend ribose in fruit juices. Ribose does have a negative glycemic impact and in diabetic patients 

taking insulin I’ve realized that bouts of hypoglycemia have occurred. This is why I’ve started with 

smaller doses and used a fruit juice to compensate for the reductions in blood sugar that I’ve clini-

cally seen. Ribose has 20 calories per serving and doesn’t necessarily have to be placed in a liquid. 

My patients have used a teaspoon of ribose in yogurt, protein shakes, as well as in oatmeal. Ribose 

can also be added to hot tea and is especially tasty in a green tea beverage. Ribose is a sugar and it 

tastes sweet.

VII. SUMMARY

The complexity of cardiac energy metabolism is often misunderstood, but is of vital clinical impor-

tance. One characteristic of the failing heart is a persistent and progressive loss of cellular energy 

substrates and abnormalities in cardiac bioenergetics that directly compromise diastolic perfor-

mance, which has the capacity to impact global cardiac function. It took me 35 years of cardiology 

practice to learn that the heart is all about ATP, and the bottom line in the treatment of any form 

of cardiovascular disease, especially CHF and cardiomyopathy, is restoration of the heart’s energy 

reserve. I’ve coined the term “Metabolic Cardiology” 38 to describe the biochemical interventions 

that can be employed to directly improve energy metabolism in heart cells. In simple terms, sick 

hearts leak out and lose vital ATP and when ATP levels drop, diastolic function deteriorates. The 

endogenous restoration of ATP cannot keep pace with this insidious defi cit and relentless deple-

tion. Treatment options that include metabolic intervention with therapies shown to preserve energy 

substrates or accelerate ATP turnover are indicated for at-risk populations or patients at any stage 

of disease.

In treating patients with mild CHF, I specifi cally recommend the following metabolic therapy 

(all per day):

Multivitamin/mineral combination• 

Fish oil: 1 g• 

D-ribose: 10 to 15 g (two or three 5 g doses)• 

CoQ10: 300 to 360 mg• 

L-carnitine: 1500 to 2500 mg• 

Magnesium: 400 to 800 mg• 

For severe CHF, dilated cardiomyopathy, and patients awaiting heart transplantation, I recom-

mend (all per day):

Multivitamin/mineral combination• 

Fish oil: 1 g• 

D-ribose: 15 g (three 5 g doses)• 

CoQ10: 360 to 600 mg• 

L-carnitine: 2500 to 3500 mg• 

Magnesium: 400 to 800 mg• 
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7 Cardiac Arrhythmias 

Fish Oil and Omega-3 Fatty 
Acids in Management

Stephen Olmstead, M.D., and Dennis Meiss, Ph.D.

I. INTRODUCTION

The accumulated evidence suggests that fi sh oil has heterogeneous antiarrhythmic properties. Its 

effects vary according to the type of arrhythmia, the underlying cardiac disorder, the amount and 

type of dietary fi sh consumption, and other factors. This chapter reviews the basic biochemistry of 

polyunsaturated fatty acids (PUFA) and electrophysiologic effects of omega-3 long-chain polyun-

saturated fatty acids (LCPUFA), examines the antiarrhythmic properties of fi sh oil, and critically 

evaluates the available clinical evidence as to which patients may benefi t and who may not benefi t 

from fi sh oil supplementation.

II. EPIDEMIOLOGY

In 1976, Bang and coworkers insightfully proposed that the low mortality from coronary heart 

disease (CHD) observed in Greenland Inuit people despite a high dietary fat intake was due to 

the consumption of abundant amounts of omega-3 LCPUFA from fi sh and other seafoods.1 The 

Greenland Inuit hypothesis came concurrently with publication of research by Gudbjarnason and 

his group showing that increased dietary availability of omega-3 LCPUFA supplied by cod liver oil 

lowered isoproterenol stress tolerance in rats leading to greater cardiac necrosis and death.2 Over 

the ensuing decades, a considerable body of evidence from tissue culture and animal model stud-

ies has been developed showing that omega-3 LCPUFA favorably alter myocardial excitability and 

reduce the risk of ventricular arrhythmias.3–10 Observational studies have disclosed that one to two 

fatty fi sh meals weekly and higher omega-3 LCPUFA blood levels are associated with a lower risk 

of sudden cardiac death (SCD).11–14 Three randomized, controlled trials have demonstrated that fi sh 

consumption and fi sh oil supplementation decrease total and cardiovascular mortalities primarily 

by reducing the risk of SCD.15–17 However, one large study found that men with angina pectoris and 

no prior myocardial infarction (MI) who regularly consumed fi sh or fi sh oil experienced an excess 

incidence of SCD.18 Studies of fi sh oil in patients with implantable cardiac defi brillators (ICD) at 

high-risk for recurrent ventricular arrhythmias have yielded confl icting results ranging from protec-

tive benefi t to proarrhythmic adverse effects.19–21 
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III. PATHOPHYSIOLOGY

POLYUNSATURATED FATTY ACID BIOCHEMISTRY

PUFA are carboxylic acids with hydrocarbon (acyl) tails of varying length containing two or more 

C=C double bonds. There are two families of PUFA: omega-3 and omega-6 (see Figure 7.1).22 In 

omega-3 PUFA, the fi rst C=C double bond is located at carbon 3 counting from the terminal or 

omega methyl group of the acyl tail. In omega-6 PUFA, the fi rst C=C double bond is located at 

carbon 6 from the omega methyl group. Omega-3 and omega-6 PUFA are also called n-3 and 

n-6 fatty acids. Eukaryotes normally make and metabolize cis fatty acids; the C=C double bonds 

in both monounsaturated and PUFA are in the cis conformation, meaning the substituent groups 

are oriented in the same direction. Both PUFA families are essential for human health. Following 

intake, omega-3 and omega-6 PUFA are both ubiquitously disseminated throughout the body and 

mediate or regulate a host of physiological processes that include cardiovascular, immunological, 

hormonal, metabolic, neural, and visual functions. At the cellular level, these effects are brought 

about by changes in membrane lipid structure, alterations of membrane physical properties, interac-

tions with membrane receptors and ion channels, modulation of eicosanoid signaling, and control 

of gene transcription.23

HO

O
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O HO

O

HO

O
HO

O

Cis Linoleic Acid

DHA EPA

Stearic Acid trans Linoleic Acid

FIGURE 7.1 Fatty acid structures. The structures of the long-chain polyunsaturated fatty acids EPA and 

DHA are compared to the cis isomer of the omega-6 polyunsaturated fatty acid linoleic acid, the trans isomer 

of linoleic acid, and stearic acid, a common dietary saturated fatty acid. Note how the acyl tail of the cis iso-

mers folds back on itself. This results in less dense lipid packing within cell membranes. The cis conformation 

makes a polyunsaturated fatty acid structurally equivalent to a saturated fatty acid leading to greater lipid 

packing and reduced cell membrane fl uidity. (From ProThera, Inc. With permission.)
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POLYUNSATURATED FATTY ACID METABOLISM

Although omega-3 and omega-6 PUFA are necessary for normal cellular function, humans and other 

mammals lack the ability to insert a C=C double bond at the omega-3 and omega-6 positions, mak-

ing dietary intake of these fatty acids essential. The omega-3 alpha-linolenic acid (18: 3n-3) and the 

omega-6 linoleic acid (18: 3n-6) are the primary essential fatty acids because they cannot be synthe-

sized by mammalian cells. These essential fatty acids may be transformed in the liver into longer chain 

PUFA (see Figure 7.2). Alpha-linolenic acid is the precursor of the omega-3 LCPUFA eicosapentaenoic 

acid (EPA; 20: 5n-3) and docosahexaenoic acid (DHA; 22: 6n-3). Linoleic acid is the precursor of the 

omega-6 arachidonic acid (AA; 20: 4n-6). The conversion of alpha-linolenic acid to EPA and DHA is 

very ineffi cient.24,25 EPA and DHA synthesis is further compromised by high dietary intake of ome-

ga-6 PUFA because alpha-linolenic acid and linoleic acid compete for entry into metabolic pathways.25 

Excessive consumption of omega-6 PUFA relative to omega-3 PUFA predisposes to a proinfl ammatory, 

prothrombotic, and vasoconstrictive physiology.23 This makes dietary intake of EPA and DHA, com-

monly found in oily fi sh and other marine sources, vital to meet the body’s need for omega-3 LCPUFA.

POLYUNSATURATED FATTY ACID MEMBRANE PHYSIOLOGY

Omega-3 LCPUFA have profound effects on cell membrane physiology. These effects are believed 

to be due to the multiple cis C=C double bonds that cause the acyl tail to fold back upon itself 26 (see 

Figure 7.1). This highly fl exible three-dimensional conformation results in signifi cantly less lipid pack-

ing within the membrane than is permitted by saturated or trans unsaturated fatty acids. In general, 

cell membranes with excessive concentrations of saturated or trans unsaturated fatty acids are stiff and 

infl exible while membranes containing higher amounts of cis LCPUFA are more fl uid and dynamic.27 

DHA in particular has profound effects on membrane function.28 These include increased membrane 

permeability,29 enhanced membrane fusion,30 more effi cient vesicle formation,31 greater membrane 

inplane plasticity,32 increased phospholipid “fl ip-fl ops,”33 and promotion of intramembrane lipid domain 

formation.34 It is also becoming increasingly clear that membrane physical properties signifi cantly 

infl uence the function of membrane proteins such as cell signaling receptors and ion channels.35,36

FIGURE 7.2 Metabolic pathways for essential fatty acids. The essential omega-6 linoleic and omega-3 α-linolenic 

polyunsaturated fatty acids compete for the same desaturation and elongation enzymes. An imbalance of dietary 

intake of omega-6 to omega-3 polyunsaturated fatty acids, common in modern diets, results in excessive produc-

tion and membrane content of the omega-6 arachidonic acid, a precursor of proinfl ammatory, prothrombotic, and 

vasoconstrictive 2-series prostaglandins and 4-series leukotrienes. (From ProThera, Inc. With permission.)
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OMEGA-3 LONG-CHAIN POLYUNSATURATED FATTY ACID ELECTROPHYSIOLOGY

A series of in vitro and animal experiments have elucidated the basic electrophysiology of ome-

ga-3 LCPUFA. In a perfused isolated rabbit heart, LCPUFA antagonize hypoxia-mediated ven-

tricular arrhythmias.3 In rats, dietary LCPUFA reduced the risk of ventricular fi brillation (VF) 

during coronary occlusion and reperfusion.4 In marmoset monkeys, dietary LCPUFA reduced 

vulnerability to ventricular arrhythmias during coronary occlusion and reperfusion.6 Omega-3 

LCPUFA have been found to be more effective than omega-6 LCPUFA at increasing the VF 

threshold.37 Exercise studies of dogs have shown that intravenous infusions of fi sh oil can prevent 

ischemia-induced VF.7 In the dog model, EPA, DHA, and alpha-linolenic acid possessed similar 

anti-arrhythmic effects.38 Elegant experiments involving cultured neonatal rat cardiomyocytes 

have provided extensive insights into the antiarrhythmic mechanisms of omega-3 LCPUFA at the 

transmembrane ion channel level.9,39,41,42 The electrophysiologic effects of omega-3 LCPUFA are 

summarized below:

Increase action potential duration (QT interval)• 8

Increase atrioventricular conduction (PR interval)• 8

Decrease rate of contraction• 39

Maintain steady myocyte resting potential• 40

Increase effective refractory period• 40

Inhibit the fast-voltage-dependent sodium current (I• NA)9,41,42

Accelerate I• NA channel transition from resting to inactive state9,41,42

Stabilize the I• NA channel inactive state9,41,42

Inhibit voltage-gated L-type calcium current• 9,41,42

Inhibit sarcoplasmic reticulum calcium release• 9,41,42

Inhibit repolarizing outward potassium current (I• to1)
9,41,42

Inhibit fast outward potassium current (I• Kr)
9,41,42

Inhibit delayed-rectifi er potassium current (I• Ks)
9,41,42

Activate inward potassium current (I• ir)
9,41,42

CURRENT HYPOTHESIS

Experimental data primarily by Leaf and coworkers show that free omega-3 LCPUFA must 

partition into or enter the lipophilic acyl chains of membrane phospholipids to exert antiar-

rhythmic effects.41–43 Only the free omega-3 LCPUFA are antiarrhythmic. They do not become 

incorporated into membrane phospholipids or form other covalent bonds to exert their antiar-

rhythmic effects, because when the free omega-3 LCPUFA are extracted from myocytes, the 

antiarrhythmic effects cease. Free LCPUFA concentrations in the nM to mcM range have been 

found to be antiarrhythmic. These molar concentrations and resultant free omega-3 LCPUFA to 

phospholipid ratios are considered too low for omega-3 LCPUFA to cause a generalized increase 

in membrane fl uidity due to reduced lipid packing. Current thinking hypothesizes that free 

omega-3 LCPUFA enhance the fl uidity of membrane microdomains surrounding channel pro-

teins. Theoretically, small localized increases in free omega-3 LCPUFA concentrations in per-

ichannel microdomains could correct membrane protein hydrophobic mismatches in which the 

size of the hydrophobic portion of the transmembrane portion of the channel protein is less than 

the hydrophobic portion of the lipid bilayer. Omega-3 LCPUFA, by virtue of the folding of their 

double-bonded acyl tails, will reduce the size of the hydrophobic portion of the lipid bilayer.36 

This may alter the resting conformation of the ion channels and alter their conductance. Further 

research remains to be done to test this hypothesis for the antiarrhythmic mechanism of action 

of omega-3 LCPUFA.
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IV. TREATMENT CONSIDERATIONS

PREVENTION OF ARRHYTHMIAS AFTER MI

At least three prospective studies have shown an inverse relation between fi sh intake and CHD 

mortality.44–46 These studies appeared to confi rm the Greenland Inuit hypothesis that regular con-

sumption of foods rich in omega-3 LCPUFA confers protection against CHD. 

 1. The Diet and Reinfarction Trial (DART).15 DART randomized 2033 Welsh men under age 

70 who had suffered an acute MI into four groups to receive no dietary advice or dietary 

advice on reduced fat intake, increased fi sh intake, or increased fi ber intake. Patients who 

received dietary advice to increase fi sh intake and could not tolerate fi sh were asked to 

take three MaxEPA® capsules delivering 500 mg daily of EPA. The portion of fi sh intake 

advised was relatively small, providing around 300 g of fatty fi sh, or about 2.5 g of EPA, 

per week. Follow-up was obtained at 6 months and 2 years.

The risk of death at 2 years was reduced by 29% in subjects advised to increase fi sh intake or con-

sume EPA supplements compared to those given no dietary fi sh advice (p < 0.05). The absolute risk 

reduction was 3.5%. The reduction in total mortality was due almost entirely to a 32.5% decrease in 

the risk of death from CHD (p < 0.01). The absolute reduction in ischemic heart disease death rate 

was 3.7%. There was no signifi cant difference in the incidence of nonfatal MI between patients ran-

domized to receive advice to increase fi sh consumption and those receiving no such advice. Dietary 

advice on reduced fat and increased fi ber consumption also had no signifi cant effect on mortality 

and reinfarction. The reduction in total mortality and ischemic heart disease mortality without an 

effect on the rate of recurrent MI was interpreted to mean fi sh oil reduces mortality by decreasing 

the incidence of arrhythmia-mediated SCD.

 2. The Indian Experiment of Infarct Survival–4 (IEIS–4) Study randomized 360 patients 

admitted with suspicion of acute MI to receive fi sh oil containing 1.08 g of EPA and 0.72 g 

of DHA daily, 20 g daily of mustard oil containing 2.9 g of alpha-linolenic acid, or place-

bo.16 The trial was double-blind. Over 90% of subjects received aspirin and approximately 

30% were on beta-blockers. No information was provided on the use of lipid-lowering 

agents. Follow-up of all outcomes took place over 12 months.

The total of cardiac events after 1 year was signifi cantly less in patients randomized to fi sh oil 

and mustard oil compared to the placebo group (24.5% and 28% vs. 34.7%). Relative to placebo, 

patients receiving fi sh oil had a 48.2% reduction in cardiac mortality (10.6% absolute risk reduc-

tion) while mustard oil reduced cardiac mortality by 40% (6.7% absolute risk reduction). Both fi sh 

oil and mustard oil signifi cantly reduced the incidence of nonfatal reinfarction (13% and 15% vs. 

25.4%). Fish oil was also found to reduce the incidence of left ventricular dilatation and ventricular 

arrhythmias.

 3. The Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico Prevenzione 

(GISSI-Prevenzione) is the largest trial to date on the effect of omega-3 LCPUFA on out-

comes following acute MI.17 This open-label trial randomized 11,324 recently discharged 

patients to 1 g fi sh oil, 300 mg vitamin E (synthetic dl-alpha-tocopherol), both, or neither. 

The fi sh oil contained 570 to 588 mg of DHA and 280 to 294 mg of EPA as ethyl esters. 

All subjects consumed a Mediterranean-type diet that included moderate fi sh consump-

tion. Most patients were on a secondary CHD risk reduction program consisting of an 

antiplatelet agent (82.8%), a lipid-lowering agent (45.5%), an ACE inhibitor (39%), and/or 

a beta-blocker (38.5%).
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After 3.5 years of follow-up, four-way analysis found patients randomized to fi sh oil had a signifi -

cant 15% reduction in the relative risk of the aggregate endpoint of cardiovascular death, recurrent 

nonfatal MI, and stroke. The relative risk reduction in incidence of the aggregate endpoint was due 

to a decrease in death and nonfatal MI. Fish oil had no effect on the incidence of fatal or nonfatal 

stroke. All-cause mortality was reduced by 20.2% (2.1% absolute risk reduction). Cardiovascular 

death was reduced by 30% (2% absolute risk reduction). SCD was decreased by 45% (1.6% absolute 

risk reduction). Fish oil supplementation had no effect on the incidence of nonfatal cardiovascular 

events such as recurrent MI. Vitamin E supplementation alone had no effect on the aggregate end-

point, but in four-way analysis reduced cardiovascular deaths by 20% and sudden death by 35%. 

There was no increased benefi t to combining fi sh oil with synthetic vitamin E. Of interest is that 

neither fi sh oil nor vitamin E was associated with any reported increased bleeding risk to revascu-

larization procedures, calling into question the often repeated advice to discontinue these agents 

prior to surgery. This advice has no basis in clinical studies.

A time-course reanalysis of the original data reaffi rmed the GISSI-Prevenzione trial results.49 

The survival curves of patients randomized to fi sh oil signifi cantly diverged early from those of 

patients randomized to vitamin E or no treatment. Total mortality was 41% lower by 3 months. 

The risk of SCD was reduced by 53% by 4 months. Signifi cant reductions in other cardiovas-

cular deaths were observed 6 to 8 months after randomization. As with the DART fi ndings, the 

early improvements in total mortality rate and reduced incidence of SCD provide support for 

the hypothesis that the omega-3 LCPUFA in fi sh oil exert their benefi t through antiarrhythmic 

effects.

 4. The Danish High-Dose n-3 Fatty Acid versus Corn Oil after Myocardial Infarction Study 

included 300 patients recruited following acute MI. The double-blind trial was designed 

to assess the effect of high-dose fi sh oil on serum lipid levels and outcomes.50 Patients 

were randomized to receive 4 g daily of fi sh oil (2.28 to 2.36 g daily DHA and 1.12 to 

1.16 g daily EPA) or corn oil. Approximately 85% of subjects received aspirin, about 60% 

were on beta-blockers, about 10% were using ACE inhibitors, and 68% were prescribed 

statins. Prior to study entry, 30% of those randomized to fi sh oil and 25% of subjects ran-

domized to corn oil were regularly consuming fi sh oil. The median follow-up period was 

18 months.

The cardiac death rate was identical in both groups (5.3%) as was total mortality (7.3%). Recurrent 

nonfatal MI occurred more frequently in patients receiving fi sh oil (14%) than in patients receiv-

ing corn oil (10%), but the difference was not signifi cant. Patients receiving high-dose fi sh oil 

had signifi cant reductions in serum triacylglycerol levels, especially in conjunction with statin 

therapy.

While the Danish study failed to fi nd that fi sh oil reduced adverse outcomes following MI, a 

number of factors must be considered when evaluating the results of this trial. The fi rst is the 

low rate of mortality and recurrent infarction. The observed mortality rate is about half that seen 

in DART and the GISSI-Prevenzione study. This means the study lacked the statistical power to 

observe a real benefi t for fi sh oil. The low adverse events rate may have been related to a high rate 

of revascularization. In the GISSI-Prevenzione study, 24% of subjects had undergone revasculariza-

tion after 42 months. In contrast, in the Danish trial, 31% of patients had undergone revasculariza-

tion after a median time of 18 months. Recurrent adverse events were uncommon in revascularized 

patients. Another factor biasing this study against fi nding a benefi t for fi sh oil is the high number of 

patients using fi sh oil prior to study entry. Patients already consuming and benefi ting from fi sh oil 

would be unlikely to accrue signifi cant additional benefi ts from recommended fi sh oil intake. The 

low mortality in both groups may have been related to the high consumption of fi sh oil and fi sh in 

the Danish population.
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To summarize the effect of fi sh and fi sh oil following MI, four interventional trials have assessed 

the effect on adverse outcomes in patients following acute MI. Two relatively small trials yielded 

confl icting results. The Danish trial failed to show a reduction in mortality or nonfatal myocardial 

infarction rates. However, the high number of patients consuming fi sh oil prior to study entry, 

the high revascularization rate, and the low adverse event rate bias this study against fi nding a 

benefi t for fi sh oil. IEIS–4 found that fi sh oil substantially reduced cardiac mortality and nonfatal 

reinfarction. However, the mortality and nonfatal reinfarction rates in the placebo group were 

approximately twice the rate reported by DART as well as by the GISSI-Prevenzione Trial. While 

the benefi t of fi sh oil is apparent, the magnitude of any benefi t may have been exaggerated. A more 

unfortunate and troubling worry is that the validity of a prior study by the IEIS–4 leading author 

has been questioned and fabrication of data has been alleged.47,48 While the validity or integrity 

of the IEIS–4 data has not been questioned, the results of IEIS–4 are regrettably tainted by this 

unrelated allegation.

The two larger trials found signifi cant benefi t for fi sh oil. These studies unequivocally show that 

fi sh oil or fi sh reduce total and cardiovascular mortality following MI. The magnitude of the reduc-

tion of mortality rate post-MI is comparable to that obtained with statins, aspirin, ACE inhibitors, 

and beta-blockers.51 Fish oil supplementation following MI offers additive benefi ts to those provided 

by standard therapies. Both studies demonstrate a reduction in the incidence of sudden death, but 

no signifi cant effect on recurrent MI. An antiarrhythmic mechanism appears to be the likely means 

by which the risk of death is reduced in this population. Based on the available clinical evidence 

of concordant, large, randomized, controlled trials, the recommendation of 1 g of fi sh oil daily in 

patients following acute MI is warranted.

MORTALITY IN PATIENTS WITH ANGINA PECTORIS

A single study conducted by the DART principal investigator and coworkers assessed the long-

term effect of increased dietary fi sh or fi sh oil intake on outcomes in men with chronic stable 

angina pectoris.18 After 3 to 9 years of follow-up, mortality was 26% greater in people assigned to 

increased fi sh intake. The risk of SCD was increased by 54%. The excess risk was largely among 

patients given fi sh oil. The increase in mortality was confi ned to the second phase of the trial. An 

analysis of the data to evaluate the possibility of an interaction between fi sh oil and medications 

found that fi sh oil interacted favorably with beta-blockers to reduce the risk of SD. No adverse fi sh 

oil–medication interactions were apparent. The authors speculate that fi sh oil intake may have been 

associated with an increase in risk-taking behavior although the reasons for the observed increase 

in mortality with fi sh oil in this population are entirely unclear. The results provide a caveat against 

blanket recommendations for fi sh oil consumption and highlight the fact that patients with CHD are 

a heterogeneous population.

RISK OF SCD

Siscovik and coworkers in Seattle fi rst reported that dietary intake and blood levels of omega-3 

LCPUFA were inversely associated with the risk of SCD.11 In a population-based, case-control 

study, they compared 334 patients with primary cardiac arrest attended by paramedics and 493 

randomly identifi ed, population-based community controls, matched for age and sex. All cases 

and controls had no history of clinical heart disease or fi sh oil supplement use. The spouses of case 

patients and controls were interviewed to determine dietary omega-3 LCPUFA intake from seafood 

during the preceding month. Blood specimens from 82 cases and 108 controls were analyzed to 

determine red blood cell membrane fatty acid composition. The investigators found that compared 

with no consumption of EPA and DHA, an intake of 5.5 g of omega-3 LCPUFA per month, approxi-

mately one fatty-fi sh meal per week and the mean of the third quartile, was associated with a 50% 
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reduction in the risk of primary cardiac arrest. A red blood cell omega-3 LCPUFA level of 5.0% of 

total fatty acids, the third quartile mean, was associated with a 70% reduction in the risk of primary 

cardiac arrest compared with a red blood cell membrane omega-3 LCPUFA level of 3.3% of total 

fatty acids, the lowest quartile mean. 

These convincing data were subsequently confi rmed by two prospective cohort studies among 

health care professionals. In the Physicians’ Health Study, which followed apparently healthy male 

physicians for up to 17 years, the incidence of SCD was related to fi sh consumption.12 The risk of 

SCD was signifi cantly reduced by 52% in men consuming fi sh at least once a week compared with 

the risk in men who ate fi sh less than once a month. The authors went on to explore the relation 

between baseline blood levels of omega-3 LCPUFA and the incidence of SCD in a nested, case-

control study within the Physicians’ Health Study.13 Higher baseline blood omega-3 LCPUFA levels 

were signifi cantly associated with a reduction in the risk of SCD. After adjusting for confounding 

factors, compared to the lowest quartile blood levels, omega-3 LCPUFA levels in the third quartile 

were associated with a 72% reduction, and levels in the fourth quartile were associated with an 81% 

reduction in SCD risk (p for trend = 0.007). Red blood cell fatty acid analyses are not routinely 

available as clinical tests, but plasma fatty acid panels are available from integrative medicine clini-

cal laboratories. Such testing may assist clinicians in risk assessment and assessment of dietary or 

supplemental fi sh oil interventions.

In the second prospective cohort study, the Health Professional Follow-Up Study, involving 

45,722 men free of apparent heart disease, the relation of dietary intake of omega-6 PUFA and 

omega-3 PUFA from both seafood and plant sources to CHD risk was assessed.52 Intake of both 

long-chain and intermediate-chain omega-3 PUFA was associated with lower CHD risk without any 

modifi cation by omega-6 PUFA intake. Men with a median omega-3 LCPUFA intake of 250 mg/day 

or more had a reduced risk of SCD regardless of the amount of daily omega-6 PUFA intake. Plant-

based intermediate-chain omega-3 PUFA appeared to reduce CHD risk when omega-6 LCPUFA 

intake from seafood is low, which has health implications for populations with low availability or 

consumption of fatty fi sh.

In another study, 5201 men and women over 65 were selected in four U.S. communities from 

Medicare rolls.14 The consumption of tuna and other broiled or baked fi sh was associated with 

higher plasma EPA and DHA phospholipid levels, while intake of fried fi sh and fi sh sandwiches was 

not. The clinical correlates of this association were that tuna and other broiled or baked fi sh intake 

were related to a lower rate of ischemic heart disease (IHD) death and arrhythmias, but not nonfatal 

MI. Consumption of fried fi sh and fi sh sandwiches had no protective effect. This study highlights 

the importance of the type of fi sh, rich in omega-3 LCPUFA, and the method of preparation, baked 

or broiled, in conferring protection from SCD. These observational studies provide strong support 

for advising apparently healthy people to consume modest amounts of baked or broiled fatty fi sh 

one to two times per week or to consume fi sh oil supplements in a dose of 250 mg/day.

A growing body of evidence implicates dietary trans fatty acids (TFA) in an increased risk of 

SCD. TFA are unsaturated fatty acids in which at least one C=C double bond is in the trans con-

fi guration with the substituent groups oriented in the opposite directions.53 In nature, TFA have only 

been found in a few bacteria and are not normally made by eukaryotic cells.54 TFA are produced 

in large amounts when PUFA in vegetable oils are partially hydrogenated for use in commercial 

food production and cooking.55 TFA are also found in beef and dairy products due to the metabolic 

activities of gut bacteria in ruminants.56 Dietary TFA consist chiefl y of trans oleic acid with one 

C=C double bond, trans linoleic acid with two C=C double bonds, and trans palmitoleic acid with 

one C=C double bond.57 The trans confi guration causes the acyl tail of TFA to resemble the linear 

structure of saturated fatty acids and facilitates greater lipid packing both within foodstuffs and 

within cell membranes (see Figure 7.1). Diets rich in saturated fats are known to increase the risk of 

VF and SCD in primates.6,58 In a case-control study from investigators in Seattle, increased levels 

of red cell TFA were associated with a moderate increase in the risk of primary cardiac arrest.56 

Levels of trans isomers of oleic acid with its single C=C double bond were not associated with an 

TAF-67621-08-0801-C007.indd   128TAF-67621-08-0801-C007.indd   128 12/19/08   7:32:26 PM12/19/08   7:32:26 PM



Cardiac Arrhythmias  129

increased risk, but levels of the trans isomer of linoleic acid with its two C=C double bonds were 

linked to a three-fold increase in the risk of SCD. It is conceivable that production of TFA during 

high-heat frying contributed to the lack of protective effect of fried fi sh on IHD death and arrhyth-

mias observed in the previously described trial on Medicare recipients.14 While further research is 

clearly warranted, dietary restrictions of TFA coupled with increased intakes of omega-3 LCPUFA 

seem prudent.

HIGH-RISK PATIENTS WITH IMPLANTABLE CARDIAC DEFIBRILLATORS

SCD is almost always caused by ventricular arrhythmias. SCD is the leading cause of death in 

Western countries and its incidence may be increasing.59 Patients who have survived SCD are gen-

erally treated by placement of an implantable cardiac defi brillator (ICD). These patients are at high 

risk of recurrent arrhythmias and the ICD makes it possible to determine the nature and frequency 

of such arrhythmias and treat them by electrical shock or antitachycardia pacing. 

Christensen and coworkers in Denmark evaluated the relation between serum omega-3 LCPUFA 

levels and the incidence of recurrent ventricular arrhythmias over a 12-month period in patients 

with an ICD.60 They found that patients with more than one recurrent arrhythmic event had sig-

nifi cantly lower serum omega-3 LCPUFA levels compared to patients without arrhythmias. When 

patients were divided into quintiles based on serum omega-3 LCPUFA levels, those in the lowest 

quintile had signifi cantly more ventricular arrhythmic events than did those in the highest quintile 

(mean 1.3 event vs. 0.2 event, p<0.05).

The Fatty Acid Antiarrhythmia Trial (FAAT) randomized 402 patients with ICDs to either 4 g 

daily of fi sh oil (2.6 g EPA plus DHA) or olive oil.19 The primary endpoint was time to fi rst ICD 

event for ventricular tachycardia or fi brillation (VT or VF). As would be expected in patients with 

serious ventricular arrhythmias, 79% had coronary artery disease (CAD) and approximately half 

had severe left ventricular dysfunction with ejection fractions less than 0.30. Fish oil prolonged 

the time to fi rst ICD event by 28%, but this failed to reach signifi cance (p=0.057). When prob-

able episodes of VT and VF were included in the analysis, the benefi cial effect of fi sh oil became 

statistically signifi cant. A high proportion (35%) of subjects did not comply with consuming either 

the fi sh oil or olive oil. When on-treatment analysis was confi ned to patients compliant for at least 

11 months, fi sh oil signifi cantly prolonged the time to fi rst ICD event by 38%. Multivariate analysis 

found that fi sh oil reduced the risk of an ICD event for VT or VF by a highly signifi cant 48%. The 

study authors suggest that regular consumption of fi sh oil may reduce the risk of potentially fatal 

ventricular arrhythmias in a high-risk population with a high proportion of patients suffering from 

CAD and severe left ventricular systolic dysfunction.

In contrast, a trial by Raitt and collaborators from Oregon found that omega-3 LCPUFA in 

fi sh oil may be proarrhythmic in certain patients with an ICD.20 These investigators randomized 

200 patients (73% with CAD) to either 1.8 g daily of fi sh oil or olive oil. The primary endpoint was 

time to fi rst ICD treatment for VT or VF. At 6, 12, and 24 months, more patients receiving fi sh oil 

had ICD therapy for VT or VF than did patients randomized to olive oil. The difference was not 

statistically signifi cant. Multivariate analysis revealed that VT as the ICD qualifying arrhythmia 

and low ejection fraction were independent predictors of time to ICD treatment for VT or VF, sug-

gesting that omega-3 LCPUFA may have proarrhythmic properties in these patients, especially the 

subset of patients with VT as the qualifying arrhythmia.

The Study on Omega-3 Fatty Acids and Ventricular Arrhythmia (SOFA) was a double-blind, pla-

cebo-controlled trial carried out by Brouwer and colleagues at cardiology clinics across Europe.21 

The study enrolled 546 subjects with an ICD and a history of VT or VF. Patients were randomized 

to 2 g/day of fi sh oil (containing 464 mg EPA/335 mg DHA) or 2 g/day of high-oleic sunfl ower oil. 

The primary endpoint was appropriate ICD treatment (shock or antitachycardia pacing) for VT or 

VF or death. Fish oil did not improve event-free survival. Among subjects receiving fi sh oil, 27% 

received appropriate ICD therapy compared to 30% of patients receiving placebo. In the fi sh oil 
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group, eight patients (3%) died, six (2%) from cardiac causes, compared to 14 (5%) deaths, 13 (5%) 

from cardiac causes, in the placebo group. The differences were not signifi cant. Overall, fi sh oil 

conferred no survival or event-free benefi t in these patients, but was also not associated with any 

proarrhythmic effects. In the subset of patients with a prior MI, there was a nonsignifi cant trend 

toward longer event-free survival (28% reaching the primary endpoint in the fi sh oil group versus 

35% in the sunfl ower oil group; p = 0.13).

A meta-analysis of the three trials of fi sh oil in people with an ICD has been performed.61 The 

analysis confi rmed what is readily apparent in any close reading of the three studies: There is 

considerable heterogeneity in the response of this patient population to fi sh oil. Heterogeneity was 

particularly high between the Raitt study and the Leaf study (p = 0.01). In contrast, no signifi cant 

heterogeneity was found between the Leaf study and the Brouwer study (p = 0.30) or between the 

Raitt study and the Brouwer study (p = 0.10). When the Leaf and Brouwer studies are analyzed 

together using a fi xed-effects model, fi sh oil signifi cantly reduced ICD discharge for recurrent ven-

tricular arrhythmias. The current data prompt caution in the use of fi sh oil in patients with an ICD 

and suggest that high dose (>1 g/d) fi sh oil should be avoided in patients with primary VT especially 

in the absence of CHD.

ATRIAL DYSRHYTHMIAS

Atrial fi brillation (AF) is an increasingly common and complex atrial dysrhythmia.62 AF is char-

acterized by a process of electrical remodeling that perpetuates the arrhythmia and may be facili-

tated by infl ammation and oxidative stress.63 Omega-3 LCPUFA have been hypothesized to have 

benefi t in the prevention of AF through antiarrhythmic and anti-infl ammatory mechanisms of 

action.64,65 Limited animal studies suggest that fi sh oil may reduce susceptibility to AF. In a 

rabbit model of increased vulnerability to rapid pacing-induced AF due to left atrial stretch, 

dietary supplementation with tuna oil signifi cantly reduced the pressure and pacing thresholds for 

stretch-induced AF.66 In a dog model, fi sh oil limited heart-failure-induced structural remodeling 

and prevented associated AF, but had no effect on atrial pacing remodeling and associated AF.67 

The benefi t was thought to be related to omega-3 LCPUFA-mediated reductions in protein kinase 

activation.

Prospective cohort studies have yielded confl icting data. A population-based study of 4815 

elderly people by Mozaffarian and colleagues found that consumption of tuna or other broiled or 

baked fi sh was associated with a reduced risk of AF.68 The much larger Danish Diet, Cancer, and 

Health Study involving 47,949 people found that consumption of fi sh was not associated with a 

lower risk of AF.69 However, this study was not designed to assess the effect of fi sh intake on risk of 

atrial arrhythmias and did not elicit any information on the use of fi sh oil supplements, an important 

potential confounding factor. Patients with heart disease were excluded from the study, and this may 

be the population that benefi ts most. 

Clinical trials of fi sh oil and atrial dysrhythmias are sparse. In a small Italian study of 40 patients 

with dual-chamber pacemakers, omega-3 LCPUFA supplements (1 g/day) signifi cantly reduced the 

incidence of atrial tachycardias.70 When fi sh oil supplements were withdrawn, the incidence of 

recurrent atrial tachycardias reverted to baseline levels. While this study is suggestive, the number 

of subjects was small and the population highly selected. In a study of fi sh oil supplements in 160 

patients undergoing coronary bypass surgery, signifi cantly fewer subjects randomized to 2 g/day 

of fi sh oil experienced postoperative AF compared to patients receiving placebo (15.2% vs. 33.3%; 

p=0.013).71 Fish oil in conjunction with cardiac surgery was not associated with any increase in 

bleeding risk. In all of these clinical studies, fi sh oil was not associated with signifi cant adverse 

effects. Preliminary clinical data on fi sh oil and atrial arrhythmias are intriguing and certainly 

justify larger prospective clinical trials. Clinicians may wish to consider the use of fi sh oil in the 

prevention and treatment of atrial dysrhythmias.
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V. SUMMARY

Omega-3 LCPUFA are antiarrhythmic.• 

Omega-3 LCPUFA reduce lipid packing in cell membranes affecting ion channels.• 

trans • fatty acids with two or more double bonds are proarrhythmic.

1 g/day of fi sh oil lowers mortality following MI.• 

Doses in excess of 1 g/day of fi sh oil may increase risk of arrhythmia in patients with • 

primary VT and idiopathic dilated cardiomyopathy.

Fish oil may be used empirically to prevent atrial arrhythmias.• 

No data support discontinuing fi sh oil prior to surgeries.• 
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8 Asthma

Nutrient Strategies in 
Improving Management

Kenneth Bock, M.D., and Michael Compain, M.D.

I. INTRODUCTION

Asthma is a well-characterized immune response that targets the lung. Our understanding of the 

condition has evolved from the simple manifestations of airway reactivity with cough, wheezing, 

and shortness of breath to the present awareness of asthma as one of a growing number of infl am-

matory conditions that are at the interface of genetics and environmental infl uences.

Although primary care physicians have a full array of pharmacological therapies available in a 

classic step-care structure, these treatments of course have their attendant side effects. Fortunately, 

there is now a good body of basic and clinical research showing how nutritional and environmental 

factors can either trigger asthma or be used to modify and treat it. This offers the opportunity for 

nonpharmacological interventions that can be both preventive and therapeutic.

II. EPIDEMIOLOGY

There are an estimated 300 million people with asthma, and the geographic distribution is not uni-

form.1 As with other immune and allergic disorders, asthma is on the rise. Between 1981 and 2002, 

asthma prevalence in U.S. children increased from 3% to approximately 6%.2 Over the past several 

decades, an association has been found between the increase in allergy and asthma and the spread 

of a Western lifestyle.3 This has often been attributed to environmental pollution, but there may be 

other factors involved, such as the degradation of nutritional quality in the food supply of industrial-

ized nations,4 or diminished vitamin D levels due to decreased sun exposure. Furthermore, there 

are questions being raised about the effect of early life environmental infl uences such as exposure 

to microorganisms on immune development in industrialized societies.

Air quality is a major contributing factor. In addition to the known inhalant allergens such as dust 

mites, mold, and cockroach antigens, there are well-established associations with indoor pollutants 

such as cigarette smoke.5–7 Although there is not clear evidence that outdoor pollution is causing 

an increase in prevalence, it is documented that compounds such as sulfur dioxide,8 ozone9 and 

particulates exacerbate asthma. This certainly suggests that these pollutants are at least partly 

responsible for the increased prevalence in urban areas.10,11 The effect of pollutants also raises the 

issue of oxidative stress in genetically susceptible individuals, which may have therapeutic impli-

cations.12 Investigation is also taking place regarding other genetic factors that may play a role in 

the way people with asthma respond to pollutants.13 Furthermore, there is speculation as to whether 
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environmental immunotoxins such as heavy metals might contribute to the increased prevalence of 

atopic disease.14

III. PATHOPHYSIOLOGY

The rapid expansion of our understanding of immunology has revealed insights into the genesis 

of allergic phenomena in general and asthma in particular. This is particularly relevant to issues 

regarding immune tolerance.

The pathophysiology of airway infl ammation has been known for many years, with the role 

of IgE, eosinophils, and mast cells established. These effectors are in turn known to be directed 

by proinfl ammatory cytokines such as IL-4, IL-5, IL-9, and IL-13, which are elaborated by TH2 

lymphocytes. 

Until recently it was felt that the TH2 lymphocytes were involved in a dance of mutual regula-

tion/inhibition with TH1 lymphocytes.15 It now appears more likely that some other group of T cells, 

called regulatory T (Treg) cells, elaborate cytokines such as IL-10 and Transforming Growth Factor 

Beta (TGFB) to modulate the activity of effector T cells. Regulatory T cells themselves are subject 

to many infl uences. Vitamin D, for example, has been shown to promote Treg cells,16,17 and vita-

min D defi ciency has been proposed as one of the causes of the increased prevalence of asthma.18 

Allergy and asthma appear to represent situations where Treg control of TH2 cells is loosened.19,20 

But what messages do the regulatory T cells receive that cause them to direct a response of 

immune tolerance versus one of reactivity? This is the central question that underpins the develop-

ment of allergic responses such as asthma. 

The Hygiene Hypothesis was proposed to explain a body of epidemiologic evidence3 that indicates 

that atopic and autoimmune conditions are more common in industrialized societies. It was found 

that the presence of older siblings and early daycare were associated with reduced incidence of later 

wheezing and atopy.21,22 Furthermore, there are studies showing that children who live on farms or 

have early exposure to animals have reduced risk of developing allergy.23 The increased exposure 

to antibiotics in industrialized societies, both therapeutically and in the food supply, has a negative 

effect on intestinal fl ora. In fact, a variety of studies have demonstrated that childhood use of antibi-

otics is indeed associated with increased risk of later development of asthma and allergy.24–26 These 

data are consistent with our growing appreciation of how early exposure to commensal organisms 

is essential for developing immune tolerance.

Species of healthful bacteria that inoculate the intestinal tract early in life secrete lipopolysac-

charides, which interact with toll-like receptors on dendritic and epithelial cells at the GI mucosa. 

This leads to cell signaling, which stimulates regulatory T cells to elaborate IL-10 and TGFB, keep-

ing the effector T cells (TH1 and TH2) in check. The result is an immune response of either tolerance 

or appropriate infl ammation when the gut-associated lymphoid tissue (GALT) is exposed to other 

antigens. The GALT is estimated to represent 65% of our immune tissue and therefore holds sway 

over immune responses throughout the body. In sum, the intestinal immune system not only toler-

ates healthful bacteria, but requires them for its early education and long-term immune regulation. 

There is even evidence that gastric presence of Helicobacter pylori is associated with a 30% to 50% 

reduction of asthma incidence.27,28 Therefore, when these toll receptor ligands are absent or depleted 

by antibiotics early in life, the result is immune dysregulation and infl ammatory disorders such as 

asthma and allergy. Recent evidence suggests an increased incidence of genetic polymorphisms 

involving the function of toll receptors themselves in individuals with asthma.29

The gut fl ora has a signifi cant effect on intestinal permeability. Increased intestinal permeability 

is commonly present in atopic diseases30 and may cause sensitization to a larger number of antigens 

that then have access to the GALT. Therapeutic agents such as steroids can increase permeability 

further,31 so that short-term benefi t may come at the price of further sensitization. NSAIDs also 

increase intestinal permeability. The use of probiotics has been shown to reduce permeability in 

atopic individuals.32
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Oxidative stress is another aspect of the infl ammatory process that may offer therapeutic oppor-

tunities in asthma. In addition to environmental oxidants, which may trigger lung injury, the infl am-

matory process itself generates free radicals. A number of studies have shown that people with 

asthma have a higher incidence of genetic polymorphisms for glutathione S-transferase activity, 

which would make them more susceptible to oxidative stress.33,34 Levels of antioxidants such as 

vitamin C, carotenoids, and selenium have also been found to be lower in people with asthma than 

in controls.35–37

IV. NUTRITIONAL THERAPIES

There have been numerous epidemiological and interventional studies to explore the use of diet and 

nutrients in the treatment of asthma, although the studies are generally smaller and have less statisti-

cal power than those in the literature supporting conventional pharmacological therapies.

One area of investigation has been the role of foods as triggers. Although the incidence of clas-

sic IgE food allergy is relatively low,38 there is evidence of IgG-mediated food sensitivity and food 

intolerances leading to increased airway reactivity in a higher percentage of patients.39–41 Given the 

fact that food allergies are poorly understood and frequently undiagnosed, an elimination diet can 

be used for both diagnosis and treatment. (Chapter 15, “Food Reactivities,” elaborates on diagnosis 

and treatment options.)38,42,43 Food allergies may be especially important in asthma that fl ares ran-

domly and seems unrelated to inhaled triggers. 

Another potential source of dietary impact on asthma is that of food additives.44–46 This has been 

reviewed extensively in the case of wine reactions in asthma. Although it was formerly felt that 

sulfi tes were largely responsible, there is now more controversy regarding the incidence as well as 

the cause of this phenomenon.47,48 In either case, wine sensitivity is frequently reported by people 

with asthma. A diet trial without additives may be of benefi t in some patients, and commercially 

available food and wine products are now offered sulfi te-free.

There is evidence that increased fi sh consumption has been associated with lowered risk,49,50 

which may be due to the anti-infl ammatory effect of omega-3 oils or a relative decrease in the 

intake of proinfl ammatory arachidonic acid from meat and poultry. Increased seafood consumption 

might also provide more vitamin D or micronutrients such as selenium or iodine. Due to their high 

mercury content, however, large fi sh such as tuna, shark, and swordfi sh should generally be avoided. 

Although mercury has not been directly tied to asthma, it promotes oxidative stress and TH2 skew-

ing of immune function, which one would expect to be deleterious in those with asthma.

There is also an association between asthma and obesity. Obese individuals and asthmatics seem 

to have polymorphisms for receptors that are signifi cant in both infl ammation and asthma.51 Leptin 

has been shown to increase airway reactivity in animal studies,52 and adipokines from fat cells are 

known to foster infl ammation. Obesity has an obvious restrictive effect on lung function, and con-

versely, asthma can often impede an exercise and conditioning program. Furthermore, the frequent 

use of corticosteroids will promote obesity. Together, these factors can generate a number of vicious 

cycles in those with severe asthma. 

The role of micronutrients in the diet has been studied more extensively. As noted above, there 

is strong epidemiologic literature showing the inverse association between antioxidant levels and 

asthma activity.53–55 This has led to the proposition that the decline in antioxidant content in the 

highly processed Western diet is partly responsible for the prevalence trends. Given the fact that a 

large prospective diet intervention trial is unlikely to happen, it would seem reasonable to recom-

mend that asthmatics increase their intake of colored fruits and vegetables in order to raise antioxi-

dant capacity.

Other micronutrient and trace elements such as selenium56 and manganese57 have also been found 

to be at reduced levels in people with asthma. The data on magnesium are mixed. In addition to 

the extensive literature on the therapeutic use of magnesium, there remains the question of whether 

there is an actual magnesium defi ciency in patients with asthma, and the studies point in both 
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directions.58–62 A diet high in nuts, seeds, and leafy green vegetables to provide magnesium seems 

prudent. 

Magnesium has been shown to be a bronchodilator in vitro63 and in vivo.64 Interventional stud-

ies with magnesium deal extensively with the use of intravenous magnesium in the acute setting 

and they have shown it to be effective.65,66 There is less clarity about the use of oral magnesium in 

the treatment of chronic asthma, with some studies supporting its use67,68 and others not.69 Since 

this cation is very safe in those with adequate renal function, one practical approach might be to 

check a red blood cell magnesium level and supplement those who are defi cient or low normal. 

Measuring serum selenium levels and supplementing in doses up to 200 μg might also be consid-

ered. Zinc is another nutrient found to be at reduced levels in asthmatics, and there is evidence 

that zinc defi ciency creates a cytokine environment conducive to asthma.70 Zinc defi ciency may 

decrease the activity of delta-6-desaturase, which is an important enzyme in the metabolism of 

essential fatty acids. 

Vitamin B6 has been shown to have an inhibitory effect on infl ammatory mediators such as 

thromboxanes and leukotrienes.71 Among its many physiologic functions, B6 is important in try-

tophan metabolism, which may be abnormal in asthmatics,72 and B6 levels have been found to be 

low in asthmatics.73 Small studies have shown clinical improvement with B6 supplementation in the 

dosage range of 100 to 200 mg/day.74 

Vitamin E has been less well studied as a therapeutic agent, but there has been an association 

noted between reduced intake history and increased presence of asthma.75 In addition, one prospec-

tive diet study showed reduced asthma incidence with higher dietary vitamin E consumption.76 

Vitamin E obtained from the diet is a mixture of alpha-, beta-, delta-, and gamma-tocopherols and 

the corresponding tocotrienols. Vitamin E from supplements tends to be only alpha-tocopherol. 

Clinical trials should be evaluated for the type of vitamin E used. Presently there are select vitamin 

E supplements that contain the full spectrum of tocopherols and tocotrienols, similar to the vitamin 

E obtained from diet. Additionally, antioxidant nutrients work well in groups, so using vitamin E 

in conjunction with vitamin C, selenium, carotenoids, and fl avonoids might offer further benefi t. 

Vitamin C alone has been studied with some positive results.77 

Diverse dietary polyphenolic compounds can mediate antioxidant reactions. One recently stud-

ied compound is an extract of pine bark called pycnogenol. Two controlled trials78,79 of this agent 

have shown signifi cant benefi t with a dose of about 2 mg/kg body weight per day up to 200 mg. 

Lycopene, an antioxidant that confers the red color to tomatoes, guava, and pink grapefruit, has 

also been found benefi cial.80 Another class of nutrients that has been used in supplemental form is 

fl avonoids such as quercetin.81 This compound has been shown to down-regulate the infl ammatory 

contribution of mast cells,82,83 as well as the expression of cytokines in bronchial epithelium.84 It has 

also been shown in vitro to induce gene expression of TH1 cytokines in monocytes and to inhibit the 

TH2 cytokine IL-4.85 Quercetin has been employed therapeutically in a dose range of 1 to 2 g/day, 

but well-controlled studies have not been performed. The herb Euphorbia stenoclada has been 

used traditionally in the treatment of asthma, and it appears that quercetin may be the major active 

ingredient.86,87

The role of prostanoids and leukotrienes in the infl ammatory response of asthma is well 

documented,88,89 and was exploited in the development of drugs such as the montelukasts. Because 

essential fatty acids are integral in the genesis of leukotrienes, they present logical therapeutic 

options. Eicosapentaenoic acid (EPA), an omega-3 fatty acid from fi sh oil, produces the anti-infl am-

matory series 3 prostanoids (PGE3), and gamma linoleic acid (GLA) from borage and primrose oil 

generates the anti-infl ammatory series 1 prostanoids (PGE1). Although GLA is an omega-6 EFA, 

the anti-infl ammatory series 1 compounds are distinct from the proinfl ammatory series 2 (PGE2) 

that arise from arachadonic acid. The literature in the therapeutic use of supplemental EFAs is not 

as rich or convincing in asthma as it is in other infl ammatory conditions such as rheumatoid arthritis 

and infl ammatory bowel disease. Epidemiologic dietary exposure studies have been positive,90–92 

and a number of supplementation trials with EPA have been positive as well93–96 but negative results 
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have also been obtained.97–99 It is important to note that compared to the micronutrients and antioxi-

dants discussed above, EFAs have to be supplemented with some caution. In the dose range of 1 to 

3 g, which was used in the clinical trials, one must consider the mild negative effect on coagulation 

as well as occasional gastrointestinal tolerability issues. Clinical benefi t has also been shown in a 

small study using 10 to 20 g/day of perilla seed oil, which is high in the precursor compound alpha-

linolenic acid.100

Adequate hydration is essential in asthma management. Water intake is important as is the ade-

quacy of intracellular cations.

Propolis from bees has been studied in asthma.101 In addition to the herbal extract of Euphorbia 
stenoclada, Gnaphalium liebmannii,102 gingko,103 and Tylopohera indica have also been studied as 

potential adjunct treatments for asthma.104

Results of nutritional therapies can be augmented with relaxation techniques shown to improve 

lung function and reduce medication use.105,106 Studies of acupuncture have shown some improve-

ment, but not in measures of lung function.107–109 

V. PATIENT EVALUATION

The concept of asthma as a completely reversible condition has long been supplanted by the knowl-

edge that active airway infl ammation leads to tissue damage and chronic changes. Early and aggres-

sive treatment is therefore essential. 

The diagnosis of asthma is usually straightforward and easily established by the primary care 

physician on clinical grounds and pulmonary function testing. One caveat is that the contribution of 

factors such as GERD may be more diffi cult to determine. Findings on history and physical exam 

may also, however, indicate the presence of coexisting nutritional factors that may infl uence the 

development and severity of a patient’s asthma. The elements of a medical history suggesting com-

mon inhalant triggers such as dust, mold, and pollens should of course be obtained, but the discus-

sion here focuses on the nutritional aspects.

A dietary history can be very revealing and can be obtained with a food diary. Foods that are 

eaten most frequently may in fact cause sensitization and are usually removed in elimination diets. 

In our clinical experience, removal of food triggers can be every bit as effective in treatment as 

environmental controls for dust and mold. In addition, a dietary history can reveal the degree of 

additives, preservatives, and sulfi tes consumed as well as the suffi ciency of micronutrients dis-

cussed above.

Certain symptoms are often considered by nutritionally oriented practitioners to refl ect pos-

sible food sensitivity. This especially includes postprandial symptoms such as dermal or oral 

pruritis, fatigue, gas, or bloating. Urticaria and recurrent apthous ulcers may raise the suspicion 

of food triggers. Certainly any symptom that the patient connects to a particular food should be 

considered.

Regarding micronutrients, one may also get clues from the history. Magnesium defi ciency should 

be suspected in those with symptoms such as muscle cramps or twitches, or a tendency toward con-

stipation. Poor wound healing and frequent infections might suggest zinc defi ciency.

Physical examination may reveal infra-orbital darkening sometimes referred to as allergic shin-

ers. Oral thrush may indicate an imbalance of gastrointestinal fl ora and apthous ulcers may be pres-

ent. Eczema in an atopic distribution of antecubital and popliteal regions might cause one to suspect 

food triggers. Dry skin or follicular hyperkeratosis identifi ed as roughness over the triceps region 

can represent an imbalance of essential fatty acids.

Laboratory evaluation may be helpful as well. Most commercial labs can run assays for eryth-

rocyte magnesium, serum selenium, and plasma zinc. Measuring 25-hydroxyvitamin D is becom-

ing common practice for a variety of reasons and should be checked in those with asthma. Several 

diagnostic techniques are available to assay food reactivities and they can buttress diagnostic use 

of an elimination diet.
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VI. DRUG–NUTRIENT INTERACTIONS

The nutritional agents used in asthma therapy do not seem to adversely impact pharmacologic 

agents, outside of the concern that imbalances from higher dosing of essential fatty acids can infl u-

ence coagulation. Nutritional agents can have a medication-sparing effect. Asthma medications as 

well as medications for other conditions discussed in this text may need to be adjusted downward.

There are certain classes of medications that are not used in asthma per se, but negatively impact 

some of the nutrient levels discussed above:

Diuretics: magnesium depletion, dehydration• 

Oral contraceptives: diminished vitamin B6• 

Steroids: obesity, increased intestinal permeability• 

NSAIDs: increased intestinal permeability• 

Antibiotics: disturb gut fl ora (dysbiosis)• 

VII. SPECIAL CONSIDERATIONS

In light of the discussion under pathophysiology above, a word should be said about the concept of 

asthma prevention. Since primary care physicians are obviously caring for women of child-bearing 

age as well as for young children, they might consider the implications of the Hygiene Hypothesis, 

especially when treating individuals with a family history of atopy.

The use of antibiotics should be minimized in order to maintain normal intestinal fl ora. 

Consuming antibiotic-free meat and poultry products may also be helpful, as well as the regular 

consumption of probiotic supplements. In the perinatal period, one should weigh the theoretically 

benefi cial effects of vaginal delivery and breastfeeding on the establishment of intestinal fl ora as 

well. Given the results of some of the prospective studies110,111 and the extreme safety of these agents, 

it might be reasonable to consider probiotic supplementation in infants with a family history of 

allergy. There is even some evidence that the nutritional factors such as fl avonoids used therapeuti-

cally may have a role in prevention as well.112 

VIII. SUMMARY

There are many patients in whom nutritional interventions can effectively treat asthma, requiring 

either no other treatment or only occasional beta-agonist use instead of the chronic anti-infl amma-

tory agents that they would otherwise require. For others, one can achieve a signifi cant medication-

sparing effect with decreased costs and side effects. Especially in children, one can create a more 

normal life and possibly avoid some of the vicious cycles that medications can create around obe-

sity, intestinal permeability, and gut fl ora disturbances. 

These are the major diagnostic and therapeutic points to consider in using a nutritional approach 

to asthma treatment:

Investigate for food triggers by diet history, elimination diet, and if necessary, additional • 

food allergy testing.

Avoid preservatives and sulfi tes, which may function as triggers.• 

Consider measurement of RBC magnesium, serum selenium, and plasma zinc.• 

Increase fl avonoids and micronutrients in diet by enhanced consumption of colored fruits • 

and vegetables, whole grains, nuts, and seeds, as well as weekly fi sh consumption, avoiding 

large fi sh that may be high in mercury.

Maintain ideal body weight.• 

Consider supplementing the following minerals: magnesium 250 to 500 mg, selenium • 

200 μg, zinc 20 to 40 mg. Daily dosage refers to amount of elemental mineral, which can 

be bound to a variety of salts or amino acid chelates. 
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Consider supplementing the following antioxidants: vitamin C at least 500 to 1000 mg, • 

vitamin E 100 to 400 IU (high gamma-tocopherol), pycnogenol 2 mg/kg body weight/day 

up to 200 mg, lycopene 30 mg for exercise-induced asthma, and quercetin 1 to 2 g/day in 

divided doses.

Balance essential fatty acids, which can frequently be achieved with supplemental dosing • 

of fi sh oil 1 to 3 g/day (use caution due to coagulation effect in patients on anticoagulants, 

NSAIDS, etc.) and gamma-linolenic acid 240 to 960 mg.

Supplement vitamin B6 at 100 to 200 mg/day.• 

Dose vitamin D to normalize blood levels.• 

Use relaxation techniques and yoga training as an adjunct to dietary recommendations.• 

Practice primary prevention strategies for pregnant women and infants by encouraging • 

breastfeeding, minimizing antibiotics, and using supplemental probiotics.
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9 Chronic Obstructive 
Pulmonary Disease 

A Nutrition Review

David R. Thomas, M.D.

I. INTRODUCTION

An understanding of the role of nutrition in chronic obstructive pulmonary disease (COPD) must 

begin with recent advances in the understanding of the pathophysiology of COPD. COPD is a 

genetic, particle-associated, cytokine-mediated infl ammatory disease of the pulmonary airways.1 

The underlying prerequisite for the development of COPD is a complex genetic abnormality where 

products of certain genes interact with environmental stimuli to produce an excessive response that 

results in clinical expression of the disease. This genetic variation in the host response to the toxic 

gases and particles present in the environment contributes to our understanding of why only a frac-

tion of smokers of the same age and gender who have smoked equivalent amounts develop COPD.2

II. EPIDEMIOLOGY

Only a fraction of smokers of the same age and gender who have smoked equivalent amounts 

develop COPD.3 Epidemiologic tools have helped delineate several predisposing host factors, 

including alpha-1 antitrypsin defi ciency, genetically induced airway hyperresponsiveness, exposure 

to tobacco smoke, air pollution, occupational exposure, lung maturity at birth, and socioeconomic 

status. Several aspects of nutrition, including diet, genetic variation in nutrient needs, metabolic 

response to toxicants, and obesity, can be predisposing factors. 

III. PATHOPHYSIOLOGY

The molecular basis of COPD is becoming increasingly understood. The inhalation of toxic par-

ticulate matter from the environment, especially in the form of cigarette smoke, leads to activation 

of proinfl ammatory cytokines, including interleukin-8, tumor necrosis factor alpha, and leucotriene 

B4, that have a direct effect on destruction of pulmonary tissues. In addition, oxidative stress and an 

imbalance between protease and anti-protease production contribute to the infl ammation.

The diagnosis of COPD includes heterogeneous pathological conditions that result in limita-

tions of airfl ow. COPD includes both chronic bronchitis, characterized by fi brosis and obstruction 

of small airways, and emphysema, characterized by enlargement of airspaces, destruction of lung 

parenchyma, loss of lung elasticity, and closure of small airways. Chronic bronchitis is defi ned by 

a productive cough lasting for more than 3 months in each of two successive years. This refl ects 
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mucous hypersecretion and may not necessarily be associated with airfl ow limitation. Most patients 

with COPD have overlap of both pathological mechanisms, but may differ in the relative proportion 

of emphysema and obstructive bronchiolitis.4 COPD is distinct from asthma where there is variable 

airfl ow obstruction that is spontaneously reversible or reversible with treatment. COPD is charac-

terized by slowly progressive development of airfl ow limitation that is poorly reversible. However, 

some people may have coexistent syndromes of asthma and COPD.

Clear phenotypes can be clinically distinguished in people with COPD. Historically, clinicians 

have observed a “blue bloater” phenotype, characterized by chronic bronchitis symptoms. Those 

with predominantly chronic bronchitis are often obese. A “pink puffer” phenotype is characterized 

by low body weight and symptoms predominantly of emphysema. Despite the fact that these clini-

cal phenotypes are not always clearly defi ned, this clinical observation has driven research into the 

relationship of body weight and COPD.

Compared to those with a reference body mass index (BMI) between 18.5 to 24.9, people with a 

BMI greater than 28 are more likely to develop asthma or chronic bronchitis [odds ratio (OR) 2.10, 

95% confi dence intervals (CI) 1.31 to 3.36, and 1.80, 95% CI 1.32 to 2.46, respectively]. People who 

develop emphysema are more likely to have a BMI less than 18.5 (OR 2.97, 95% CI 1.33 to 6.68).5 

Data from this longitudinal study show that obesity precedes the diagnosis of COPD and is not the 

result of a reduction of physical activity due to the respiratory impairment. These data also confi rm 

the clinical observation that people with emphysema are more likely to have a low BMI.

IV. TREATMENT APPROACHES

There is no cure for COPD. The only intervention that has been shown to slow the progressive 

decline in the clinical measurement of progression of COPD (FEV1, the lung forced vital capacity in 

1 second) is cessation of inhalation of particulate matter in the form of cigarette smoking.6 Although 

smoking is the major causal mechanism in COPD, quitting smoking does not result in resolution 

of the infl ammatory response in the airways.7 All other interventions in the management of COPD 

must be considered palliative.8

V. RELATIONSHIP OF COPD AND NUTRITIONAL STATUS

Between 25% to 33% of people with moderate to severe COPD are reported to be malnour-

ished.9  The defi nitions of malnutrition vary considerably, but frequently include weight loss or low 

body weight. Low body weight in those with COPD is associated with impaired pulmonary status, 

reduced diaphragmatic mass, and lower exercise capacity, and it independently predicts a higher 

mortality rate.10,11

Various mechanisms have been proposed for the weight loss occurring with COPD. Failure to 

consume adequate calories or inability to eat large meals due to dyspnea (starvation), an elevated 

cost of ventilation and an elevated resting energy expenditure (inadequate nutrition),12,13 muscle 

loss due to dyspnea-related inactivity (sarcopenia), the effects of infl ammation (cachexia), or use of 

corticosteroids14 may contribute to weight loss. 

In 412 subjects with moderate to severe COPD, BMI and bioelectrical impedance were used to 

form four categories of nutritional depletion: (1) Cachexia was defi ned as a BMI less than 21 and a 

low fat-free mass. (2) Semi-starvation was defi ned as a BMI less than 21 and a normal sex-adjusted 

fat-free mass. (3) Muscle atrophy was defi ned as a BMI greater than or equal to 21 and a low sex-

adjusted fat-free mass. (4) No nutritional depletion was considered to be a BMI greater than or equal 

to 21 and a normal fat-free mass. Subjects were followed for 2 to 5 years and mortality was assessed 

at the end of the study. The subjects with a low fat-free mass (either cachexia or muscle atrophy) 

were at highest risk of death (relative risk 1.91, 95% CI 1.37 to 2.67 and 1.96, 95% CI 1.21 to 3.17, 

respectively), compared with the no depletion group. A low BMI without a low fat-free mass was not 

associated with a higher mortality.15 These data suggest that the classical parameters of inadequate 

nutrient intake are not associated with a higher mortality.
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VI. ETIOLOGY OF WEIGHT LOSS IN COPD

The association of lower body weight, increased caloric need, and poor outcome has focused clini-

cal research on the hypothesis that inadequate intake of protein and calories results in clinical dete-

rioration in people with COPD. By this reasoning, replenishment of nutrients should produce weight 

gain and improve clinical outcome. However, the results from individual clinical trials of nutritional 

support in people with COPD have been variable. Little effect has been seen in trials with less than 

2 weeks duration. 

A recent meta-analysis combined 14 randomized clinical trials involving 487 people with COPD 

who had nutritional support for more than 2 weeks. The majority of the individual trials have been 

small and of short duration. Even when the analysis is limited to studies longer than 2 weeks, 

very little support is found for the hypothesis that simple nutritional supplementation is benefi cial. 

Nutritional support had no signifi cant effect on weight gain, anthropometric measures, lung func-

tion, or exercise capacity in patients with stable COPD, even when nutritional supplementation was 

combined with a multidisciplinary rehabilitation program and exercise therapy. Tables 9.1 and 9.2 

present the study parameters and results.16 Few studies have evaluated health-related quality of life, 

TABLE 9.1
Randomized Controlled Trials with Greater Than 2 Weeks Duration of Nutritional 
Supplements in COPD Patients

Study Author Number Intervention

Lewis MJ, et al., 1987 10 intervention vs. 11 controls, 

undernourished

500–100 Kcal standard (Isocal HCN) vs. 

usual diet for 8 weeks

Efthimiou J, 1988 7 intervention, undernourished vs. 7 well 

nourished

640–1280 Kcal/d standard (build-up) vs. 

none for 12 weeks

Knowles JB, et al., 1988 13 intervention vs. 12 controls, mixed 

nutritional status

Increased intake 18%–26% standard 

(Sustacal) vs. usual diet for 8 weeks

Otte KE, et al., 1989 13 intervention vs. 15 controls, 

undernourished

400 Kcal/d supplement vs. diluted 

supplement for 13 weeks

Whittaker JS, et al., 1990 6 intervention vs. 4 controls, 

malnourished

1000 Kcal/d, standard (Isocal) vs. 

diluted control for 16 days

Fuenzalida CE, et al., 1990 5 subjects with weight loss vs. 4 controls 1080 Kcal/d, standard (Sustacal HC) vs. 

usual diet for 21 days

Rogers RM, et al., 1992 15 intervention vs. 13 controls, 

malnourished

1.7 times REE, 1.5 g/kg/day protein vs. 

none

DeLetter, 1994 18 intervention vs. 17 controls, 

undernourished

355 Kcal/d standard formula 

(Pulmocare) vs. none for 8 weeks

Schols AMWJ, et al., 1995 33 intervention vs. 38 controls, nourished 420 Kcal, 14% protein supplement vs. 

none for 8 weeks

Schols AMWJ, et al., 1995 39 intervention vs. 25 controls, 

undernourished

420 Kcal/d, 14% protein supplement vs. 

none for 8 weeks

Goris AHC, et al., 2003 11 intervention vs. 9 controls, 

undernourished

Standard (Respifor) vs. none for 

12 weeks

Steiner MC, et al., 2003 42 intervention vs. 43 controls, mixed 

nutritional status

570 Kcal/d, standard (Respifor) vs. none 

for 7 weeks

Teramoto S, et al., 2004 20 intervention vs. 20 controls, 

undernourished

20% fat, 18% protein, low carbohydrate 

vs. none for 4 weeks

Weekes CE, et al., 2004 20 intervention vs. 17 controls, 

undernourished or at risk

Fortifi ed milk vs. none for 6 months

Source: Compiled from [16].
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but in those that did, little overall effect is seen. While larger and better studies are needed, the cur-

rent data suggest that provision of supplemental calories or protein has had little effect on people 

with COPD. In addition, those with COPD who receive enteral feedings have been prospectively 

observed to have a decreased survival rate compared to untreated patients.17

The weight loss in people with COPD has also been attributed to an increased oxygen cost of 

ventilation (O2 cost). In small numbers of malnourished patients with COPD, the O2 cost of venti-

lation was higher (4.28 +/– 0.98 mL, n=9), relative to the normally nourished COPD group (2.61 

+/– 1.07, n=10), and normal control subjects (1.23 +/– 0.51, n=7).18 

The measured Resting Energy Equivalent (REE) has been shown to be signifi cantly higher in 

people with COPD who were undernourished (1.15 +/– 0.02), compared to an adequately nourished 

COPD group (0.99 +/– 0.03) and normal controls (0.93 +/– 0.02).19 These fi ndings suggest that those 

with COPD may require additional protein and calories to overcome the increased work of breath-

ing. However, the fi nding of an elevated REE in people with COPD is not consistent across all 

studies. In 172 people in a rehabilitation setting, only 26% of those with COPD had an REE greater 

than 110%. The subjects with an elevated REE were older and had lower total lung capacities, sug-

gesting worse disease.20 The depletion in fat-free mass was not different between hypermetabolic 

and normometabolic patients. REE alone may not explain the weight loss in people with COPD as it 

may be offset by a decrease in daily activities.21 The total energy expenditure in these patients may 

not be different from healthy control patients.22

The dismal results from nutritional intervention trials have redirected the assessment of the eti-

ology of weight loss in people with COPD. Weight loss due to inadequate nutrition or increased 

protein-energy requirement should respond to the provision of adequate calories. Because clinical 

trials of supplemental calories or protein have shown little effect, the weight loss in those with 

COPD may be caused by factors intrinsic to the disease itself.

Reduced food intake alone does not seem to be the primary cause of weight loss in people with 

COPD. The weight loss with COPD involves depletion in both fat mass and fat-free mass. The 

loss of fat-free mass is more important and appears to be due to a depression of protein synthesis. 

TABLE 9.2
Meta-Analysis of Outcome Measures for Nutritional Support in COPD Patients

Outcome
Number of 

Trials
Number of 

Patients/Controls Effect Size
95% Confi dence 

Interval

Weight 12 214/215 1.15 kg –0.85 to 3.14

Arm muscle circumference 8 111/103 0.03 cm –0.77 to 0.83

Tricep skinfold thickness 6 63/61 1.36 mm –0.14 to 2.86

6-minute walk 3 38/39 3.4 m –46.1 to 52.9

FEV1 6 80/70 –0.12 –0.44 to 0.20

PImax 6 81/71 3.55 cm water –1.9 to 9.0

PEmax 6 81/73 8.21 cm water –0.48 to 16.9

HRQOL (SF-36) 1

Vitality 1 31/28 4.70 0.40 to 9.00

Health change 1 31/28 11.00 4.40 to 17.52

HRQOL (CRQ) dyspnea 1 25/35 –0.39 –1.10 to 0.50

Hospital admissions 1 31/28 0.40 0.14 to 1.18

Key: FEV1=forced expiratory volume in 1 second; PImax=maximum inspiratory pressure; PEmax=maximum expiratory 

pressure; HRQOL=Health related quality of life; SF-36=Short form 36 quality of life instrument; CRQ=Clinical 

respiratory quality instrument.

Source: Compiled from [16].
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Although weight-losing COPD patients are not catabolic, nutritional supplementation alone does not 

appear to reverse the loss of fat-free mass.23

Recent advances in understanding the pathogenesis of COPD suggest that the disease is a result 

of proinfl ammatory cytokine activation. This suggests that the weight loss in people with COPD is 

related to this infl ammatory state. 

The syndrome of cachexia, which is widely recognized in a number of disease states,24 has been 

linked to weight loss in COPD.25,26 Patients with severe emphysema have increased levels of tumor 

necrosis factor-alpha, soluble tumor necrosis receptors R55 and R75, interleukin-6, and lipopoly-

saccharide binding protein.27 In addition, C-reactive protein, a marker for infl ammation, is elevated 

in those with COPD who have a decreased fat-free mass. In a study of 102 patients with clinically 

stable COPD, C-reactive protein levels were elevated in 48 patients. In these patients, REE and 

interleukin-6 levels were higher compared to other patients, and inversely correlated with exercise 

capacity and 6-minute walking distance. C-reactive protein correlated with both body mass index 

and fat mass index.28

Cytokines have a direct negative effect on muscle mass, and an increase in concentration of 

infl ammatory markers has been associated with a reduced lean mass.29–31 Patients with cachexia 

experience severe progressive loss of skeletal muscle. The loss of skeletal muscle mass is due to a 

combination of reduced protein synthesis and increased protein degradation. While reduced pro-

tein synthesis plays a role, protein degradation is the major cause of loss of skeletal muscle mass in 

cachexia.

Both fat and fat-free mass are depleted in cachexia syndromes, a similar picture to the weight loss 

observed in COPD patients. Low-grade systemic infl ammation is signifi cantly elevated in patients 

with COPD compared to healthy control patients. Infl ammation was highest in COPD patients with 

muscle wasting defi ned by a low fat-free mass.32

In addition to the effect of cytokines on skeletal muscle, cytokines act in the hypothalamus 

to cause an imbalance between the orexigenic and anorexigenic regulatory pathways. Cytokines 

directly result in feeding suppression, and lower intake of nutrients and cachexia is nearly always 

accompanied by anorexia. Interleukin-1 beta and tumor necrosis factor act on the glucose-sensitive 

neurons in the ventromedial hypothalamic nucleus (a ‘‘satiety’’ site) and the lateral hypothalamic 

area (a ‘‘hunger’’ site).33 In the anorexia-cachexia syndrome, the peripheral signals for an energy 

defi cit reaching the hypothalamus fail to produce a response, which propagates the cachectic pro-

cess.34 By this mechanism, proinfl ammatory cytokines lead to a decrease in nutrient intake. The 

decrease in intake appears to contribute to, but not directly cause, the loss of body mass. 

This decreased subjective desire to eat has been observed in cachectic COPD patients. Cachexia, 

defi ned as weight loss greater than 7.5% of body weight and BMI less than 24.1 kg/m2, was diag-

nosed in 33% (34/103) subjects with COPD.35 The levels of interleukin-6 and the interleukin-6 to 

interleukin-10 ratio were signifi cantly higher in the cachectic COPD patients, along with a decreased 

appetite. 

In those with COPD who participated in 8 weeks of 500 to 750 Kcal/d nutritional supplementa-

tion, the 14 patients who did not gain weight were compared with 10 who gained 10% or more of 

their body weight. The nonresponders were older, had an elevated systemic infl ammatory response, 

and had anorexia, suggesting that cachexia may be the mediator of nonresponse.36

VII. MANAGEMENT OF CACHEXIA IN COPD

In contrast to starvation, cachexia is remarkably resistant to hypercaloric feeding. Both enteral 

and parenteral feeding in cancer cachexia have consistently failed to show any benefi t in terms of 

weight gain, nutritional status, quality of life, or survival.37 These fi ndings in cancer cachexia are 

similar to the results in nutritional supplementation studies in COPD, where enteral feeding has 

been associated with higher mortality. For this reason, attention has been directed to other adjunc-

tive measures. 
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Pharmacological treatment of anorexia with agents that modulate cytokine production has produced 

weight gain in the cachexia syndrome.38 Steroids and hormonal agents such as megesterol acetate are 

currently widely used in the treatment of cancer and HIV cachexia and anorexia.39 Megestrol acetate 

has also been shown to increase appetite and body weight in underweight COPD patients.40 Both 

steroids and hormonal agents act through multiple pathways, such as increasing neuropeptide-Y 

levels to increase appetite, and down-regulating proinfl ammatory cytokines. As with the studies in 

nutritional supplementation, the weight gain has been predominantly in the fat mass compartment.

Thalidomide signifi cantly attenuated both total weight loss and loss of lean body mass in patients 

with cancer and acquired immunodefi ciency syndrome.41 The action is linked to inhibition and 

degradation of tumor necrosis factor-alpha. Eicosapentaenoic acid, an omega-3 fatty acid, can halt 

weight loss in cancer cachexia and may increase lean body mass at high doses.42 The effect is 

postulated to result from its ability to down-regulate proinfl ammatory cytokines and proteolysis-

inducing factor. In 64 patients with COPD, 32 were randomized to receive a 400 Kcal/d nutritional 

supplement containing 0.6 g of omega-3 fatty acids, and 32 patients received a 400 Kcal/d nutri-

tional supplement containing 0.07 g of omega-3 fatty acids. The intervention group supplementation 

contained 0.40 g of omega-6 fatty acids, while the control group received 0.93 g of omega-6 fatty 

acids.43a After 2 years of supplementation, the BMI, serum protein levels, and serum albumin levels 

signifi cantly increased in both groups but there was no difference between groups. No signifi cant 

difference was observed in resting blood gas analysis, in pulmonary function tests, or St. George 

Respiratory Questionnaire scores between groups. The percent of predicted 6-minute walk test dis-

tance improved by 6% in the omega-3 supplement group, the Borg dyspnea scale score improved in 

both groups (but less in the omega-3 supplemented group), and there was less decrease in arterial 

oxygen saturation measured by pulse oximetry in the intervention group (1.9% vs. 0.5%) compared 

to the control group. Serum levels of leukotriene-B4 decreased in the 0.6g omega-3 supplemented 

group, but interleukin-8 and tumor necrosis factor-alpha levels did not change in either group. These 

data suggest that the clinical improvement in people with COPD supplemented with omega-3 fatty 

acids for 2 years is marginal. However, the observed decrease in serum cytokine levels is provoca-

tive and deserves further research.

These results of pharmacologic interventions suggest that improvement in cachexia may result 

from a common suppressive effect of these agents on proinfl ammatory cytokines. While improved 

appetite and weight gain have been observed, whether these pharmacological agents improve func-

tional outcome is not clear.

Although it is clear that systemic infl ammation plays a role in weight loss in patients with COPD, 

other factors may be involved. People with COPD also show a higher prevalence of low plasma 

levels of testosterone and insulin-like growth factor-I compared with healthy subjects of the same 

age.43b,44 Therefore, the use of anabolic agents to correct hypogonadism or as an adjunct to increase 

lean body mass has been investigated in controlled studies.

Treatment with oxandrolone for 16 weeks produced gains in body weight, body cell mass, and fat-

free mass in 7 of 11 subjects with COPD. Furthermore, levels of interleukin-1, leptin, interleukin-6, 

and tumor necrosis factor-alpha decreased in the subjects with weight gain, suggesting that the effect 

was associated with a reduction in infl ammation.45 

Nandrolone decanoate, another anabolic steroid, plus a nutritional supplement (420 Kcal/d) plus 

exercise was compared to the nutritional supplement and exercise alone for 8 weeks. All patients 

gained weight, but greater gain in lean body mass occurred in the group receiving the anabolic 

steroid.46 Stanozolol, another anabolic steroid, was evaluated in a small study of 17 undernourished 

(BMI less than 20) COPD patients for 9 weeks. Both groups received exercise interventions. Nine of 

10 patients in the stanozol group gained weight (mean 1.8 kg) and increased their lean body mass, 

while all control patients lost weight and did not increase their lean body mass.47 There was no 

improvement in inspiratory muscle mass and no effect on endurance exercise capacity. The results 

of adding an anabolic steroid to other interventions have been promising, but only small treatment 

effects have been observed to date.
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Creatine supplementation in subjects with COPD led to an increase in fat-free mass by a mean 

of 1.09 kg. Creatine supplementation increased peripheral muscle strength and endurance, and 

improved health status. However, it did not improve exercise capacity.48

Recombinant human growth hormone (rhGH) has been shown to induce protein anabolism and 

muscle growth in a number of different disease states. In the only placebo-controlled trial done to 

date, no improvement in muscle function or exercise tolerance was noted.49 More concerning is that 

an increase in REE was noted, suggesting that rhGH treatment might actually worsen pulmonary 

status by increasing respiratory demand. 

VIII. COMORBIDITIES

As many as 35% to 72% of patients with COPD have been reported to be osteopenic, and 36% to 

60% of patients with COPD have osteoporosis.50–52 Patients requiring oral glucocorticoid therapy 

have lower T-scores and more fractures than those treated with bronchodilators only. Glucocorticoid-

induced osteoporosis is well-documented in the literature.53–55 Patients placed on high-dose gluco-

corticoid therapy exhibit a rapid loss of bone mineral density within the fi rst 6 months.56 Patients 

receiving oral glucocorticoid therapy (average dose 20 mg) have a 1.8-fold (95% CI 1.08 to 3.07) 

increased incidence of vertebral fractures.57 For these reasons, people with COPD should be screened 

for bone mineral density; those who require glucocorticoid treatment are at particularly high risk. 

The standard treatment for people at risk for osteoporosis should include 400 to 800 IU vitamin 

D and 1000 to 1500 mg elemental calcium per day.58 There are some data to suggest that doses in the 

range of 800 IU of vitamin D may improve muscle function, including respiratory function.59

1,25-hydroxyvitamin D, the active vitamin D metabolite, binds to a highly specifi c nuclear 

receptor in muscle tissue, leading to improved muscle function and reduced risk of falling.60 Higher 

plasma concentrations of 1,14-dihydrocholecalciferol are associated with increased muscle strength, 

physical activity, and ability to climb stairs, and lower concentrations are associated with higher fre-

quency of falls among elderly people.61,62 The effects of vitamin D on muscle may also be mediated 

by de novo protein synthesis,63 affecting muscle cell growth through the highly specifi c nuclear 

vitamin D receptor expressed in human muscle.64 In one study, treatment with 1,25-hydroxyvitamin 

D increased the relative number and size of type II muscle fi bers of older women within 3 months 

of treatment.65

Calcium and vitamin D supplementation have been shown in some, but not all, studies to be 

benefi cial in patients receiving long-term corticosteroid therapy. In general, calcium and vitamin D 

alone are insuffi cient to completely prevent the bone loss associated with high-dose glucocorticoid 

treatment, and additional therapy is required. 

Drugs that specifi cally act on bone by decreasing resorption are bisphosphonates, calcitonin, 

selective estrogen receptor modulators, and estrogen. In large randomized controlled trials, alen-

dronate reduced both vertebral and nonvertebral fractures.66 It is most benefi cial in those at highest 

risk—women with at least one vertebral fracture or documented osteoporosis. Symptomatic verte-

bral fractures were decreased by 28% to 36% over 4 years of treatment, and the risk of hip fracture 

was reduced 50%.67 A similar reduction in vertebral fracture incidence has been observed with 

risedronate. 

Bisphosphonates may be useful in corticosteroid-induced osteoporosis and in men with osteopo-

rosis.68 Bisphosphonates may be poorly absorbed and may cause gastric side effects. To maximize 

uptake, tablets must be taken after an overnight fast, with a full glass of water, and food avoided for 

half an hour. Dosing must be adjusted for renal function.

Calcitonin, combined with vitamin D and calcium, does not reduce bone loss to a greater degree 

than calcium and vitamin D used alone. Thus, calcitonin may not produce added benefi t in prevent-

ing or treating glucocorticoid-induced osteoporosis.69 

Hypogonadism is associated with development of osteoporosis in both men and women, and 

occurs more commonly in people with COPD. Sex hormone replacement therapy can reduce bone 
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loss in these patients.70 There is a reduction in hip and vertebral fractures of 34%, and total reduction 

in fracture risk by 24%.71 However, long-term side effects, particularly breast cancer and cardiovas-

cular events, limit the indications for use of sex hormone replacement therapy.

Patients should be encouraged to participate in physical therapy programs to increase exercise 

endurance and to maintain muscle strength.72 

IX. SUMMARY AND CONCLUSIONS

People with moderate to severe COPD frequently have a low BMI and commonly lose weight. This 

weight loss is associated with impaired pulmonary status, reduced diaphragmatic mass, and lower 

exercise capacity, and it independently predicts a higher mortality rate.

Adequate nutrition is essential to maintaining health and functional status, and should be 

addressed early in the course of COPD. Although adequate nutrition is important in the manage-

ment of all COPD patients, hypercaloric feeding is not helpful and may be harmful.

Clinical trials of supplemental protein and energy to reverse weight loss and improve functional 

status have been disappointing. The etiology of this weight loss does not appear to be related to 

nutrient intake and increasingly appears to be related to the syndrome of cachexia.

Interventions for reversing cachexia have shown modest increases in body weight and functional 

status. Current therapy is empirically directed at improving appetite and body weight. The data 

suggest that a component of this response is related to suppression of proinfl ammatory cytokines. 

Future research into reversing the cachexia syndrome in people with COPD must focus on improv-

ing reduced protein synthesis and increased protein degradation. 
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10 Gastroesophageal 
Refl ux Disease

Mark Hyman, M.D.

I. INTRODUCTION

Although humans have suffered from heartburn for millennia, gastroesophageal refl ux disease, or 

GERD, has only been recently recognized as a disease. GERD is defi ned as chronic symptoms or 

mucosal damage resulting from the abnormal refl ux of gastric or duodenal contents into the esopha-

gus. The disease and its treatment have been the target of aggressive pharmaceutical marketing to 

both professionals and consumers. Proton pump inhibitors (PPIs) as a class of medications are the 

third best-selling pharmaceutical drug worldwide.

Symptoms related to GERD are among the most common presenting complaint to the primary 

care physician. GERD has been recently recognized to increase the risk for erosive esophagitis, 

strictures, and Barrett’s esophagus, a metaplastic change of the esophageal epithelium associated 

with an increased risk of adenocarcinoma. Signifi cant questions remain about true risk of refl ux 

and adenocarcinoma. Mounting evidence documents harm from long-term pharmacologic acid sup-

pression, including osteoporosis, depression, B12 and mineral defi ciencies, small intestinal bacterial 

overgrowth, irritable bowel syndrome, pneumonia, and Clostridium diffi cile infectious diarrhea.

Clearly a new approach is needed that addresses the underlying causes of GERD and uses pharma-

cologic agents only to mitigate causative factors, while relying on dietary, nutritional, and other lifestyle 

therapies that are targeted toward the underlying causes and restoring normal intestinal function.

Conventional approaches to GERD include limiting dietary triggers, elevating the head of the bed, 

and pharmacologic treatments. Pharmacologic treatments that include antacids, H2 blockers, proton 

pump inhibitors, and motility agents are highly effective immediately upon use. However, their ces-

sation can lead to rebounding symptoms and often results in long-term use. Novel approaches are 

needed to treat the underlying cause of GERD and offer resolution. This chapter probes two ques-

tions: Why has the normal physiological function been disrupted, and how can normal function be 

restored? Several roles for food and nutrients emerge.

II. EPIDEMIOLOGY

One in 10 American adults has daily episodes of heartburn, 10% to 20% have weekly symptoms, 

and 44% have occassional symptoms. GERD is a medical condition experienced by 25% to 35% 

of the U.S. population. When does heartburn became pathologic, leading to erosive esophagitis? 

Labeling everyone who experiences occasional heartburn as having GERD has led to signifi cant 

overmedication. There is considerable overlap in symptoms between patients with severe erosive 

esophagitis leading to strictures and Barrett’s esophagus, and those with nonerosive disease, mak-

ing clinical decisions diffi cult.1
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A concern of clinicians who are presented with patients with chronic GERD is how to measure 

their risk of adenocarcinoma. While the overall incidence of GERD has increased 300% to 500% 

over the last 30 to 40 years in developed countries, the number of individuals with adenocarcinoma 

of the esophagus remains low, but it is the fastest rising cancer and the third most common digestive 

cancer. In 2002, only half of the 13,100 esophageal cancers were adenocarcinomas. The number 

needed to treat is quite large to prevent each case of esophageal adenocarcinoma. In fact, because 

the cancer is rare there are few prospective cohort studies of patients with refl ux to assess risk of 

cancer. Only 50% of patients with GERD have esophagitis. A recent review of the evidence does 

not support the use of endoscopy to screen patients with GERD for Barrett’s esophagus.2 There are 

no randomized trials to support this widespread practice and serious questions remain about the 

benefi ts and cost-effectiveness of the procedure. Obesity and nighttime symptoms are the two risk 

factors for progression to esophageal adenocarcinoma.

III. PATHOPHYSIOLOGY AND ETIOLOGY

The pathophysiology of GERD is clear, while the etiology remains controversial. Symptoms may or 

may not occur upon refl ux of gastric contents and occasionally bile and pancreatic secretions into 

the esophagus. The degree of symptoms does not correlate with the severity of the disease. Severe 

symptoms may be associated with nonerosive disease, while Barrett’s esophagus and adenocarci-

noma may develop in asymptomatic patients.

In addition to the typical symptoms of GERD, which are heartburn, regurgitation, and dys-

phagia, atypical symptoms may include coughing, chest pain, and wheezing. Other consequences 

may result from abnormal refl ux, including damage to the lungs (e.g., pneumonia, asthma, idio-

pathic pulmonary fi brosis), vocal cords (e.g., laryngitis, globus, cancer), ear (e.g., otitis media), and 

teeth (e.g., enamel decay).

A number of dietary and lifestyle factors have been demonstrated to trigger refl ux, including por-

tion size, late-night eating, fried foods, spicy foods, citrus, tomato-based foods, caffeine, alcohol, 

chocolate, mint, and smoking. These trigger refl ux for a variety of reasons. Mint relaxes the lower 

esophageal sphincter tone, spicy foods increase parietal cell activity, deep-fried foods delay gastric 

emptying, and late-night eating leads to being horizontal on a full stomach.

Physiologically, GERD is caused by lower esophageal sphincter (LES) relaxation not related to 

swallowing and due to stimulation of mechanoreceptors programmed in the brainstem. Gastric dis-

tension is a major trigger for this stimulation, so how one eats may be as important as what one eats. 

Obesity and pregnancy also increase the risk of refl ux through direct compression of stomach 

contents and other mechanisms.3 Pregnancy increases refl ux because of multiple alterations in phys-

iology and function, including elevation of progesterone, morning sickness, need for increased vol-

ume of food, and worsening of hiatal hernias; going to bed earlier and eating later makes lying down 

on a full stomach inevitable. Also, acidic foods are often selected during pregnancy partly because 

of the body’s cues to absorb more minerals. Certain medications, including NSAIDs, aspirin, and 

steroids, increase the risk of gastritis and GERD. Calcium channel blockers, beta-blockers, nitrates, 

tricyclic antidepressants, anti-cholinergics, and progesterone all reduce lower esophageal sphincter 

tone leading to refl ux. Bisphosphonates such as alendronate can cause esophagitis.

The role of Helicobacter pylori infection in refl ux is controversial. Studies on eradication of 

H. pylori infection in GERD have been mixed, with some showing benefi t and others not. There 

is evidence that long-term acid suppression with PPIs in patients with H. pylori infection increases 

the risk of gastric carcinoma.4 H. pylori may proliferate if PPIs are used long term. A diagnostic 

evaluation for and treatment of H. pylori is reasonable; however, it may make GERD worse before 

it makes it better. 

H. pylori infection has been linked to food allergy,5 rosacea, atherosclerosis, B12 defi ciency, 

Raynaud’s, and Sjögren’s and other autoimmune diseases.6

Dysfunction of the enteric nervous system from altered autonomic tone between the sympathetic 

and parasympathetic systems is implicated in refl ux.7 Physical or psychological stress increases 
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sympathetic tone, increasing contraction of the pylorus and gastric outlet while relaxing the lower 

esophageal sphincter (LES), and sets the conditions for refl ux. Autonomic dysfunction promotes an 

acquired gastroparesis leading to postprandial dyspepsia and bloating. Activation of the parasym-

pathetic nervous system through the relaxation response or deep breathing relaxes the pylorus and 

increases LES tone, preventing refl ux.8

Zinc defi ciency may lead to altered intestinal permeability, triggering infl ammation, food aller-

gies, and increased sympathetic tone.9 Zinc is necessary for proenzyme activation in the stomach. 

Zinc defi ciency alters normal stomach physiology. Magnesium defi ciency may also contribute to 

altered intestinal motility contributing to refl ux.10 Use of proton pump inhibitors inhibits mineral 

absorption, further exacerbating the effects of magnesium and zinc defi ciency.

Gluten intolerance and celiac disease have also been linked to refl ux, and a gluten-free diet 

frequently results in resolution of refl ux.11 This should prompt more research investigating the link 

between food allergies, sensitivities, and intolerances and GERD. A recent study suggests this is 

the case.12 More controversial are the role of IgG and non-IgE-mediated food allergies and GERD. 

While little data exist, clinical experience with elimination diets supports a trial for treatment. 

While data are limited,13 clinical experience suggests that dysbiosis, or the alteration of normal 

gut fl ora,14 small intestinal bacterial overgrowth (SIBO),15 leads to increased intestinal infl amma-

tion, disruption of the normal epithelial barrier function, and stimulation of the enteric nervous 

system. It is commonly experienced as postprandial bloating, and may also manifest as refl ux. Small 

bowel yeast overgrowth secondary to the use of antibiotics, steroids, hormones, or a diet high in 

refi ned sugars and carbohydrates also may trigger upper intestinal symptoms. Alteration in the gut 

pH alters the microbial environment and results in bacterial and yeast overgrowth.16,17 Bile refl ux 

often goes undiagnosed. Gastric pH is rarely measured, and patients are often empirically placed 

on PPIs for alkaline refl ux. This leads to further small intestinal bacterial overgrowth and irritable 

bowel syndrome (IBS). 

There is an overlap in prevalence of GERD and IBS. They form a continuous spectrum of func-

tional gastrointestinal motility disorders. Most (>50%) patients with GERD have delayed gastric 

emptying, which sets the stage not only for GERD but also bacterial overgrowth and IBS. 

Food quality has been shown to play a role in altered gastric and intestinal function. Calorie-

dense, high-fat18 foods contribute to refl ux. High-glycemic-load foods with highly processed sugar 

content can also adversely infl uence gastric emptying and result in worsening refl ux.

IV. PATIENT EVALUATION

Esophagogastroduodenoscopy (EGD), radiography (upper GI series), ambulatory pH monitoring, 

and motility studies document the dysfunction but do little to uncover the etiology of refl ux other 

than hiatal hernia. Their benefi t and cost-effectiveness as diagnostic or screening tools for Barrett’s  

esophagus or adenocarcinoma is not supported by existing research.

Testing for H. pylori should be performed. Serology or antibody testing, stool antigen, and urea 

breath testing can all document infection. Breath testing and stool antigen testing should be used to 

confi rm eradication 8 weeks after treatment to reduce false negatives.

DIAGNOSTICS OF PHYSIOLOGY AND FUNCTION

Novel functional tests can help direct therapy to underlying causes of refl ux. They are typically not 

used by conventional physicians or gastroenterologists, but provide useful lenses for looking at the 

etiology and patterns of gut dysfunction, which may contribute to GERD.

Though problematic due to a high rate of false positives and some false negatives, IgG food 

reactivity testing can help identify trigger foods linked not only to intestinal dysfunction such as 

irritable bowel syndrome,19 but obesity20 and systemic infl ammatory diseases.

Testing for celiac disease is essential for any patient with chronic intestinal symptoms, refl ux21 

or any infl ammatory or chronic disease. Testing should include IgA and IgG antigliadin antibodies; 
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total IgA (to check for IgA defi ciency); IgA tissue transglutaminase antibodies; and anti-endomesial 

antibodies. Assessing HLA DQ2 and D8 genotypes can help further clarify the diagnosis; however, 

these are present in approximately 30% of the general population.22 

Assessment of body weight and central obesity contributes to understanding the etiology of 

refl ux.

Urinary organic acid analysis identifi es markers of overgrowth of intestinal fl ora including small 

bowel overgrowth23 and yeast overgrowth.24 These nonhuman microbial metabolites are absorbed 

through the intestinal epithelium and excreted in the urine. 

Digestive stool analysis provides a broad picture of intestinal health, including information about 

digestion, absorption, immune function, metabolic markers of dysbiotic intestinal fl ora, and micro-

biology such as assessment of benefi cial fl ora, pathogenic bacteria, yeast, and parasites.

Nutritional analysis should include plasma or red blood cell (RBC) zinc, RBC magnesium (also 

can become defi cient from competitive absorption with calcium for those taking Tums and even 

prescription medications for GERD, not only by decreased stomach acid), vitamin D, serum iron, 

ferritin, and methylmalonic acid (B12 assessment).

Amino acid analysis can be helpful in assessing defi ciencies that are caused by or result from 

refl ux or intestinal imbalances.

V. PATIENT TREATMENT

PHARMACOLOGIC INTERVENTIONS AND RISKS

Heartburn had been traditionally treated with sodium bicarbonate and antacids such as calcium 

carbonate. H2 blockers followed by proton pump inhibitors (PPIs) have become the main treat-

ment modalities and among the mostly widely used and profi table pharmaceuticals. After Lipitor 

and Plavix, drugs for cholesterol and heart disease, proton pump inhibitors are currently the third 

top-selling drugs in America in a $252 billion drug market. Nexium and Prevacid are in the top 10 

best-selling drugs and account for $5.7 and $4.0 billion in sales annually. Over-the-counter antacids 

including Tums, Rolaids, and Maalox account for $1 billion in annual sales. 

Conventional refl ux medications include:

Calcium carbonate• 

Antacid-alginic acid combinations• 

H2 blockers (cimetidine, famotidine, nizatidine, ranitidine)• 

Proton pump inhibitors (esomeprazole, lansoprazole, omeprazole, pantoprazole, rabeprazole)• 

Prolonged and aggressive pharmacological suppression of gastric acid production with proton 

pump inhibitors or H2 blockers has become common practice for treating a mostly benign lifestyle 

condition. Mounting evidence documents the risks of long-term suppression of the normal physi-

ological acid required for the initiation of protein digestion in the stomach, mineral absorption, nor-

mal intrinsic factor function, and the activation of pancreatic enzymes. 

DRUG–FOOD INTERACTIONS AND DRUG–NUTRIENT INTERACTIONS

 1. Medication is permissive. Instead of losing weight, eating less, or eating fewer fatty “rich” 

foods, people use a pill. 

 2. Medication reduces stomach acid. However, foods such as vinegar, spices, and decaffein-

ated coffee, which raise stomach acid, improve diabetes. The mechanisms of these foods 

are not established, but are certainly cause for concern that pharmacologically suppressing 

stomach acid may have the converse effect on diabetes.
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 3. Suppression of parietal cell acid function also impairs intrinsic factor function and B12 

absorption.25 Long-term used of PPIs is associated with B12 defi ciency and all its associ-

ated complications including depression, neuropathy, fatigue, and dementia. Measuring 

serum B12 levels is an inadequate measure of functional B12 status. Serum methylmalonic 

acid is a more sensitive indicator of B12 defi ciency. 

 4. Stomach acid is required for protein absorption. When proteins are inadequately broken 

down to their constituent amino acids, they travel further down the GI tract where they are 

exposed to gut-associated lymphoid tissue (GALT). These partially digested proteins can 

trigger food intolerances and immune up-regulation. PPIs may contribute to the develop-

ment of IgG or non-IgE mediated food sensitivities. 

 5. Adequate gastric acid is necessary for proper mineral absorption. PPIs have been linked to 

calcium, magnesium,26 zinc,27 and iron28 defi ciency. 

 6. Inadequate mineral status leads to greater uptake of heavy metal toxicants because zinc, 

for example, is a necessary cofactor for metallothionein, which complexes and removes 

intracellular metals, and selenium is a cofactor for glutathione peroxidase, necessary for 

detoxifi cation and as part of our antioxidant system.

 7. Chronic use of acid-blocking drugs leads to an increase in the development of osteoporo-

sis and increase in hip fracture because blocking acid prevents absorption of calcium and 

other minerals necessary for bone health.29

 8. H. pylori can shift from cohabitation status to disease-causing concentrations.

Protein and food maldigestion are common side effects of pharmacological acid suppression, and 

may cause bloating, abdominal pain, and diarrhea. Small bowel bacterial overgrowth is common. 

Studies link PPIs to community-acquired Clostridium diffi cile infection.30

IMMUNE DYSREGULATION AND ACID BLOCKADE: CANCER AND ALLERGIES

PPIs may also increase the risk of gastric cancer.31 Other consequences of long-term PPI use include 

an increase in gastric polyps,32 community-acquired pneumonia, and pediatric pneumonia and 

gastroenteritis.33

In developing countries, allergic diseases such as asthma (30 million cases), environmental aller-

gies (50 million cases) and, particularly IgE type 1 hypersensitivity food allergy (9 million cases) 

are increasing at an alarming rate.34 Adding autoimmunity (24 million cases), we are facing an 

epidemic of infl ammatory and allergic disease. The prevailing hypothesis is that increased hygiene 

and reduced exposure to infection agents in early childhood impedes normal development of toler-

ance and immunity.35 

However, another hypothesis merits consideration and is supported by the literature.36 Food 

reactivities including intolerances, allergies, and hyperreactivities can result from reduced gastric 

digestion of protein induced by acid-suppressing therapies, including PPIs and H2 blockers. In 152 

patients medicated with acid-blocking medication, 25% developed IgE antibodies to regular food 

constituents as confi rmed by oral provocation and skin testing. Allergenicity of potential food aller-

gens is reduced 10,000-fold by gastric digestion. Though not yet adequately investigated, impaired 

or partial digestion of dietary proteins may also induce delayed hypersensitivity or IgG antibody 

formation to dietary constituents. This may be compounded by bacterial overgrowth in the small 

intestine induced by PPIs, which alters intestinal permeability leading to activation of the GALT 

and both local and systemic infl ammation.

A vicious cycle of infl ammation, altered motility, autonomic dysfunction, nutrient malabsorption, 

maldigestion, altered intestinal fl ora, and dysbiosis can be triggered by the collective infl uence of our 

processed, low-fi ber, high-sugar, nutrient-defi cient, low-phytonutrient-content diet; stress; and the over-

use of antibiotics, acid-suppressing medication, NSAIDs, aspirin, steroids, and anti-hypertensives.
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In sum, long-term use of powerful acid-suppression medication can alter normal digestion, lead 

to nutrient malabsorption, disrupt normal intestinal fl ora and immunity, increase the risk of cancer 

and allergic disease, induce nutrient defi ciency, and cause pneumonia, colitis, and osteoporosis. 

These medications should be used with caution only as a last resort for a relatively benign condition. 

Considering the fact that therapy with PPIs does not affect progression of Barrett’s esophagus to 

esophageal adenocarcinoma, the rationale for long-term treatment is questionable.

SURGICAL INTERVENTIONS AND RISKS

Surgical treatments for refl ux are controversial and include laparoscopic Nissen fundoplication, 

radiofrequency heating of the gastroesophageal junction known as the Stretta procedure, and endo-

scopic gastroplasty known as the EndoCinch procedure. Treatment benefi ts from 50% to 75% of 

properly selected patients but postsurgical complications including dysphagia and bloating occur in 

20% of patients. Within 3 to 5 years of the procedure, 52% of patients are taking refl ux medication 

again.37 After being highly touted, Stretta was removed from the market due to an alarmingly high 

incidence of severe complications including death.

FOOD AND NUTRIENT TREATMENTS

Clinical tools can be useful in improving gut function and addressing GERD and nonulcer dyspep-

sia. A starting point is to remove what harms and provide what heals. The details may be different 

from person to person, but the concept will guide diagnosis and therapy. This is an area of medicine 

where the practical art has exceeded the clinical science; however, the positive clinical outcomes 

from this low-risk approach warrant its application because conventional approaches routinely fail.

A careful dietary history and response to common triggers is essential. Assessing and modifying 

triggering factors or behaviors such as stress levels, use of medications that alter intestinal function 

and lead to altered motility or dysbiosis, smoking, late-night eating, poor sleep quality, and abdomi-

nal obesity are important.

TREATMENT OF POTENTIAL CAUSES

Elimination of Dietary Triggers
Elimination of typical dietary triggers can often be helpful, including caffeine, alcohol, chocolate, 

garlic, onions, and peppermint; and spicy, fried or fatty, citrus- or tomato-based, and processed or 

junk foods. A whole-food, low-glycemic-load, phytonutrient-rich, plant-based, high-fi ber diet often 

resolves the symptoms of refl ux. 

Modifi cation of Medications
Medicine begets medicine. Nutrient interventions described throughout this text can reduce the 

dose or eliminate the need for several of the medications known to worsen GERD. A careful medi-

cation history and cessation or substitution of medications that alter motility, such as calcium chan-

nel blockers, beta-blockers, alpha-adrenergic agonists, theophylline, nitrates, and progesterone, are 

important. Also important to consider are medications that alter intestinal permeability, such as 

steroids, aspirin, and NSAIDs, leading to increasing intestinal infl ammation, which in turn increases 

sympathetic tone in the enteric nervous system.

Food Allergy Elimination Diet
Though largely based on empirical observation and clinical experience, a food allergy elimina-

tion diet based on common food allergens or IgG testing may improve symptoms and is a benign 

intervention. A 2- to 3-week elimination diet of the most common food allergens with careful food 

reintroduction of each food class every 3 days may identify trigger foods. The most common food 

TAF-67621-08-0801-C010.indd   164TAF-67621-08-0801-C010.indd   164 12/19/08   7:34:20 PM12/19/08   7:34:20 PM



Gastroesophageal Refl ux Disease 165

allergens include gluten, dairy, eggs, yeast, corn, soy, citrus, nightshades, and nuts. Gluten elimina-

tion in celiac patients relieves refl ux. 

The purpose of eliminating common food sensitivities is to reduce the total antigenic load on 

the GALT, to reduce altered motility that results from immunologic irritation of the enteric nervous 

system increasing sympathetic tone, and to allow the repair of the gut mucosa and restoration of 

normal intestinal permeability.

The goal of the elimination diet is to reduce the overall antigenic load, repair the gut mucosa, 

and reintroduce foods slowly to identify any GI or systemic symptoms. Depending on the severity 

of dysbiosis and altered intestinal permeability, this process can take anywhere from 4 to 12 weeks. 

Careful food reintroduction to identify trigger foods is an essential component of the elimination/

challenge process. Diagnosis and treatment of food reactivities is discussed in Chapter 15. A com-

prehensive gut repair program is necessary for optimal treatment of altered gut function, normaliza-

tion of intestinal fl ora, enzyme function, and the enteric nervous system.

Treatment of Helicobacter Pylori 
Controversy remains because H. pylori have colonized human stomachs since Paleolithic times, 

and its eradication in the population as a whole has been linked to increases in asthma and allergic 

diseases via the Hygiene Hypothesis. Whether this is an epiphenomenon of increased “hygiene” or 

a causal relationship still remains to be proven.38

While no consensus exists, and some experts propose that certain strains of H. pylori may pro-

tect against GERD,39 it is reasonable to attempt to eradicate H. pylori in GERD with one course of 

treatment, which can often relieve symptoms, while reducing the risk of peptic ulcer disease and 

gastric cancer. However, it is important to note that eradication of H. pylori increases risk of gastric 

cancer, but reduces risk of adenocarcinoma of the esophagus.

Certain foods inhibit or reduce H. pylori populations, including cruciferous vegetables and lico-

rice, as does maintaining an appropriate pH.

This bacterium has come into prominence over the last few years as the cause of stomach ulcers 

but also may be linked to refl ux. It is found in 90% to 100% of people with duodenal ulcers, 70% 

of people with gastric ulcers, and about 50% of people over the age of 50. Benign cohabitation with 

H. pylori is common but may progress to symptomatic infection. It may be associated with stomach 

cancer as well as infl ammation throughout the body, and may even be linked to heart disease. It is 

often acquired in childhood and is the cause of lifelong gastritis or stomach infl ammation. Large-

population studies may miss unique subgroups with susceptibility because genetic and nutritional 

differences between individuals can determine whether or not H. pylori causes gut symptoms or 

cancer. For those with elevated C-reactive protein, infl ammatory diseases, chronic digestive symp-

toms, or a family history of gastric cancer, treatment is recommended. Currently most physicians 

only treat documented ulcers. However, this may neglect many people who could benefi t from treat-

ment. A trial of a single course of treatment may be helpful in some patients with GERD. 

Low stomach acid predisposes to the growth of H. pylori as do low antioxidant defense systems. 

Low levels of vitamin C and E in gastric fl uids promote the growth of H. pylori.40 Natural therapies 

can sometimes be effective, but pharmacological triple therapy, two antibiotics and a proton pump 

inhibitor, is often necessary for eradication of H. pylori.41

Food and Nutrient Treatment of Dysbiosis
Again, largely based on clinical experience and empirical observation, normalizing intestinal func-

tion through a comprehensive approach can resolve refl ux symptoms. Restoring normal intestinal 

function takes 2 to 3 months and requires a methodical approach often referred to as the 4R pro-

gram. Alterations of gut fl ora may be the cause of refl ux. However, treatment with antibiotics for 

H. pylori and the long-term use of PPIs that disrupt further digestion by altering pH may lead to 

dysbiosis. In either case, to treat the cause of refl ux or the side effects of medication, a gut repair 

protocol often results in signifi cant clinical improvement.
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4R: REMOVE, REPLACE, REINOCULATE, AND REPAIR

Remove
The fi rst step is removing any triggers for altered intestinal function, including food allergens and 

pathogens. The most common microbial infl uences on the gut include small bowel bacterial over-

growth, yeast overgrowth, H. pylori infection, and parasites. It may also require treatment for envi-

ronmental toxins including heavy metals.

Targeted antimicrobial therapies are often necessary. Successful treatment of small bowel bacte-

rial overgrowth with rifi axmin (Xifaxin) has been well documented.42 Common antifungal thera-

pies include both herbal and pharmacological treatments. Medications used include fl uconazole, 

itraconazole, nystatin, terbinafi ne, and ketoconazole. Herbal and natural therapies include caprylic 

acid, undecylenic acid, oregano, and berberine. Pharmacologic treatments for parasites include 

metronidazole, iodoquinole (Yodoxin), paramomycin (Humatin), trimethoprim/sulfamethoxazole, 

and nitazoxanide (Alinia). Herbal therapies for parasites include artemesia,43 oregano, and ber-

berine. Treatment of H. pylori can be accomplished with triple therapy44 and may respond to herbal 

therapies.45

Replace
Removing of triggers is followed by replacing insuffi cient digestive enzymes, hydrochloric acid, 

and prebiotics. 

Broad-spectrum digestive enzyme support can improve intestinal function and reduce symptoms 

of GERD and bloating. Plant- or animal-based enzymes may be used. Enzymes that may need to be 

replaced include proteases, lipases, cellulases, and saccharidases, which are normally secreted by 

the pancreas or intestinal mucosa. 

Two to three enzymes are taken with meals. Dyspeptic symptoms may also result from hypochlo-

rhydria and be clinically indistinguishable from acid refl ux. It is more common in those over 

60 years old. Zinc is necessary for HCl production. 

A trial of hydrochloric acid (betaine HCl) with meals may be diagnostic. A starting dose of 500 

to 600 mg per tablet or capsule is taken at the start of the meal and titrated up to fi ve tablets or 

capsules until a warm feeling occurs in the stomach area. The warm feeling indicates excess acid 

and that the dose should be reduced at the next meal. Generally after a few months of gut repair, 

treatment with HCl and enzymes is no longer necessary. 

Reinoculate
The next step, done concurrently, is reinoculating the gut with benefi cial bacteria or probiotics.46 

Mounting evidence links altered intestinal fl ora or dysbiosis to many chronic diseases of 

the 21st century, including obesity, allergy, atopy, irritable bowel syndrome, and infl ammatory 

 diseases, as well as cancer. For therapeutic effect anywhere from 10 billion to 450 billion pro-

biotic organisms have been used. Cultured and fermented traditional foods such as sauerkraut, 

tempeh, and miso contain live bacteria. Probiotic supplementation is usually necessary for 

therapeutic reinoculation of intestinal fl ora. Live or freeze-dried bacteria packaged in powders, 

 tablets, or capsules are available and contain a variety of Lactobacillus species, Bifi dobacteria, 
Streptococcus, and Saccharomyces boulardii. Prebiotics such as fructans, inulin, arabinogalac-

tans, and fructooliosaccharides provide substrates for colonization and growth of normal com-

mensal fl ora in probiotics.

Repair
Reinoculation is followed by repairing a damaged intestinal epithelium with zinc, glutamine, 

omega-3 fatty acids, gamma oryzanol, herbal anti-infl ammatories such as turmeric and ginger, and 

a whole-food, high-fi ber, phytonutrient-rich diet.47
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The last step in normalization of digestive and intestinal function is to repair through providing 

nutritional support for regeneration and healing of the intestinal mucosa. Key nutrients that are 

involved in intestinal mucosal differentiation, growth, functioning, and repair include glutamine, 

zinc, pantothenic acid and essential fatty acids such as eicosapentaenoic acid, docosahexaenoic 

acid, and gamma linolenic acid.

Colonocytes use glutamine as their energy substrate. PPIs reduce glutamine availability, creat-

ing an iatrogenic glutamine insuffi ciency. Stress also reduces glutamine availability. The amino 

acid glutamine,48 which provides both a source of fuel and precursors for growth to the rap-

idly dividing cells of the intestinal lining, can aid in repair and healing of gut mucosal injury. 

Glutamine improves gut and systemic immune function, especially in patients on long-term 

parenteral nutrition. Glutamines improve repair of gut mucosa after damage from radiation or 

chemotherapy, and reduce episodes of bacterial translocation and clinical sepsis in critically ill 

patients. 

Zinc carnosine reduces NSAID-induced epithelial injury, induces mucosal repair, and 

reduces intestinal permeability.49 Chewable or powdered deglycyrrhizinated licorice root is 

an herbal anti-infl ammatory, which may reduce heartburn, refl ux, and gastritis.50 It provides a 

protective coating to the esophagus and the gastric mucosa. Aloe vera reduces mucosal infl am-

mation, reduces refl ux, and improves gut healing.51 Dosing of these and many other nutrient 

and herbal treatments are outlined in Chapter 11. The ultimate repair of the gut results from 

removing insults such as toxic foods, allergens, and infections while replacing enzymes and 

hydrochloric acid, adding fi ber and prebiotics, reinoculating with benefi cial fl ora, and fi nally 

the use of healing nutrients.

Special Considerations
Patients with peptic ulcer disease should be tested and aggressively treated for H. pylori. Pregnant 

women can undertake a 4R program but should be careful to ensure adequate caloric intake and 

follow conventional precautions regarding use of medications and herbs.

Additional Benefi ts of the 4R Approach
Many chronic and infl ammatory diseases of the 21st century, including obesity, are related to 

gut dysfunction. The 4R approach can ameliorate or cure many other chronic health problems 

and should be used as a fi rst step in approaching most patients with chronic complex illnesses. 

It is a low-risk, high-yield therapeutic modality that merits more aggressive clinical use and 

further study. 

SUMMARY

GERD is a common, annoying, but mostly benign condition. Acid-suppressive therapies may be 

effective in reducing symptoms but lead to unnecessary and potentially life-threatening compli-

cations. Addressing underappreciated underlying etiologies including food sensitivities, celiac 

disease, Helicobacter pylori infection, small bowel bacterial and yeast overgrowth, and normal-

izing gut function through a 4R program, as well as addressing more commonly recognized 

lifestyle factors and dietary habits, leads to the relief of symptoms in the majority of patients. It 

is necessary to highlight for patients the long-term negative consequences of short-term symptom 

suppression. This awareness helps them to take the time necessary to use these tools of func-

tional medicine to support long-term health and well-being. A therapeutic approach to GERD is 

 summarized in Table 10.1. 
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TABLE 10.1
Therapeutic Options for Gastroesophageal Refl ux Disease (GERD)

I. Lifestyle and Dietary Recommendations for Treatment of GERD

A. Dietary Triggers
Caffeine, alcohol, chocolate, garlic, onions, and peppermint; and spicy, fried or fatty, citrus- or tomato-based, and • 

processed or junk foods 

B. Lifestyle and Behavioral Factors
Avoid large meals• 

Finish eating within 3 hours of bedtime• 

Practice active relaxation to increase parasympathetic tone• 

Eat slowly • 

Chew food completely• 

Ensure adequate quality sleep • 

Stop smoking • 

Raise the head of the bed 6–8 inches • 

Lose weight • 

C. Medications That May Induce Refl ux
Calcium channel blockers• 

Beta-blockers• 

Alpha-adrenergic agonists• 

Theophylline• 

Nitrates• 

Progesterone • 

Aspirin• 

NSAIDs• 

D. Food Allergy Elimination Diet
A 2-week trial of an oligo-antigenic diet followed by food challenge• 

Gluten, dairy, eggs, yeast, corn, soy, citrus, nightshades, and nuts �

II. Treatment of Microbial Imbalances or Infections

A. Helicobacter pylori  Treatment

Select Natural Therapies 

Bismuth subcitrate 240 mg twice daily before meals for 2 weeks. It can cause a temporary harmless blackening of the • 

tongue and stool.

DGL or deglycyrrhizinated licorice can both help eradicate the organism and relieve symptoms.• 

Myrrh gum resin.• 

Medications 
Amoxicillin 1 g twice a day, clarithromycin 500 mg twice a day, omeprazole 20 mg twice a day for 10 days• 

Prevpac: Lansoprazole/amoxicillin/clarithromycin combination twice a day for 14 days• 

Helidac (bismuth/metronidazole/tetracycline) four times a day with meals for 2 weeks• 

Tritec (ranitidine bismuth citrate) 400 mg twice a day for 28 days• 

B. Treatment of Small Bowel Bacterial Overgrowth

Nonprescription Preparations

Oregano, citrus seed extract, • Isatis, or berberine compounds.

Special spices for the gut include garlic, onions, turmeric, ginger, cinnamon, sage, rosemary, oregano, and thyme. All • 

of these can be added to the diet to support healthy digestive functioning.

Medications
Occasionally prescription medication may be needed. Some of the useful compounds include:

Rifamixin 200–400 mg three times a day (the preferred treatment and a nonabsorbed antibiotic)• 

Metronidazole 250 mg three times a day for 7 days (for anaerobes such as Bacteroides or Clostridia species)• 
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TABLE 10.1 (continued)
Tetracycline 500 mg twice a day for 7 days (also for anaerobes)• 

Ciprofl oxacin 500 mg twice a day for 3 days (for aerobes)• 

C. Treatment of Yeast Overgrowth
Address predisposing factors (such as chronic use of antibiotics, steroids, hormones)• 

Trial of yeast control diet: elimination of refi ned carbohydrates, sugar and fermented foods• 

Testing for yeast overgrowth • 

Nonprescription antifungals (oregano, garlic, citrus seed extract, berberine, tannins, undecylenate, • Isatis tinctoria, 

Caprylic acid)

Antifungal medications (nystatin, fl uconazole, itraconazole, terbinafi ne, ketoconazole) • 

Immunotherapy• 

Identify potential environmental toxic fungi (Stachybotrys, strains of Aspergillus, Chaetomium, and Penicillium)• 

4R program• 

Stress reduction• 

D. Treatment of Parasites

Nonprescription parasite treatments

Take digestive enzymes for a few months—parasites often cause malabsorption and maldigestion• 

Avoid vitamins during treatment because vitamins help the parasites fl ourish• 

Use herbal therapies • Artemesia annua, oregano, and berberine-containing plants (Hydrastis Canadensis, Berberis 
vulgaris, Berberis aquifolium and Coptis chinesis)

Prescription Medication for Parasites
Humatin (paramomycin) in adult doses of 250 mg three times daily for 14 days and Bactrim DS or Septra DS • 

(trimethoprim and sulfamethoxazole) every 12 hours for 14 days. 

Yodoxin (iodoquinole) 650 mg three times daily for 14 days. Yodoxin is antifungal as well as antiparasitic.• 

Flagyl (metronidazole) 500 mg three times a day for 10 days with meals. • 

Alinia (nitazoxanid) 500 mg three times a day for 10 days.• 

III. Use of Digestive Enzymes and Hydrochloric Acid
Enhance digestion by replacing missing digestive enzymes and HCl and recommending consumption of soluble fi ber 

(vegetables, fruits, beans, most grains—except those containing gluten).

Most effective enzymes are from animals and are also available by prescription. Use 2-3 just before or at the 

beginning of a meal. They are generally well tolerated and without side effects. Look for a formula containing at 

least:

Protease 100,000 USP units• 

Lipase 20,000 USP units• 

Amylase 100,000 USP units• 

Vegetarians can take a mixed plant-based form of digestive enzymes. Use 2–3 just before or at the beginning of a meal. 

These are grown from Aspergillus fungus so be careful if the patient has mold or yeast sensitivities.

Optimal formulas contain about 500 mg of enzymes per tablet or capsule and also contain:

Amylase 100,000 USP units• 

Protease 100,000 USP units• 

Lipase 10,000 USP units• 

Lactase 1600 units• 

Digestive bitters may also aid digestion. Swedish bitters or other aperitifs stimulate digestion function including 

enzymes and HCl. Herbal bitters that include gentian and artichoke, cardamom, fennel, ginger, and dandelion are also 

available in more concentrated forms that can be added to water.

IV. Probiotics and Prebiotics

In addition to supplementing with the healthy bacteria, studies have shown that providing food for the fl ora can improve 

outcomes. The food for probiotics is called prebiotics and includes mostly nondigestible plant components that are used by 

continued
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TABLE 10.1 (continued)

the fl ora for their nourishment. Some common foods that fulfi ll these criteria include fructose-containing oligosaccharides, 

which occur naturally in a variety of plants such as onion, asparagus, chicory, banana, and artichoke. 

Follow These Guidelines When Selecting Probiotics and Prebiotics:
Use a 12-week course of a probiotic to restore normal symbiosis or ecological balance. Often long-term therapy is • 

needed.

Take 5–10 billion organisms a day on an empty stomach in divided doses (twice a day).• 

Preparations include freeze-dried bacteria packaged in powders, tablet, or capsule form.

Higher doses may be necessary with preparations containing 50–450 billion organisms.• 

Look for reputable, refrigerated brands of mixed fl ora including • Lactobacillus acidophilus, Lactobacillus rhamnosis 
or GG and B. bifi dum.

Some products contain no live fl ora because they are very susceptible to damage from heat or processing or improper • 

storage.

Some strains do not colonize the gut well.• 

Try some strains backed by research such as • Lactobacillus GG (Culturelle), and the DDS-1 strain of Lactobacillus 
acidophilus, or VSL #3.

Eat prebiotic sources of fi ber including onion, asparagus, burdock root, Jerusalem artichoke chicory, and banana or • 

consider supplements of fructose-containing oligosaccharides such as inulin or chicory root.

V. Nutrients for Gut Repair
Specialized gut support products and nutrients provide the necessary support for gut healing and repair. These are the fi nal 

tools for correcting digestive problems, healing a leaky gut, and reducing relapse and recurrence of digestive and immune 

problems. These should be taken for 1–3 months depending on the severity of symptoms and response to treatment. 

These compounds needed for gut repair can be divided into four main categories:

A. Gut Food
Glutamine 1000–10,000 mg/day• 

This is a nonessential amino acid that is the preferred fuel for the lining of the small intestine and can greatly facilitate 

healing. It can be taken for 1 to 2 months. It generally comes in powder form and is often combined with other 

compounds that facilitate gut repair.

B. Nutrients and Antioxidants
Zinc carnosine 75–150 mg twice a day between meals• 

Zinc 20–50 mg• 

Vitamin A 5000–10,000 U/day• 

Vitamin B5 pantothenic acid 100–500 mg/day• 

Vitamin E 400 to 800 IU/day in the form of mixed tocopherols• 

These can be taken separately, or as part of a good high-potency multivitamin.

C. Essential Fats and Oils
GLA (gamma linolenic acid) 2–6 g/day• 

Gamma-oryzanol (rice brain or rice brain oil) 100 mg three times a day• 

Omega 3 fatty acids 3 to 6 g/day of EPA/DHA• 

D. Anti-infl ammatories and Gut Detoxifi ers
N-acetylcysteine 500 mg twice a day• 

Reduced glutathione 300 mg twice a day• 

Quercitin 500 mg twice a day and other biofl avonoids • 
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11 Peptic Ulcer Disease and 
Helicobacter pylori

Georges M. Halpern, M.D., Ph.D.

I. INTRODUCTION

Here are some facts and numbers [1]:

10% of Americans feel heartburn every day.• 

44% of Americans have heartburn monthly.• 

20 million Americans will suffer from an ulcer in their lifetime.• 

The major cause of ulcer is • Helicobacter pylori (H.pylori).
The second leading cause is NSAIDs.• 

Over-the-counter (OTC) antacids account for $1 billion sales every year.• 

>• 60 million Americans experience acid indigestion once a month.

>• 15 million experience it daily.

>• 10 million are hospitalized each year for gastric problems, at a cost of $40 billion.

6000 Americans die each year from ulcer-related complications.• 

>• 40,000 have surgery (persistent symptoms, complications of ulcers).

Should the primary care provider be actively involved to change this course? Obviously, “yes.” Can 

foods or natural substances help? The answer is “yes,” but not necessarily what one may think and 

the choice may prove diffi cult. This chapter will help you select the appropriate strategy best suited 

for your specifi c patient.

II. EPIDEMIOLOGY

Peptic ulcer disease is common worldwide. The overall lifetime prevalence is about 12% for men 

and 9% for women. The lifetime risk of peptic ulcer disease is about 10%. At any given time, 

about 2% of the general population of the United States has symptomatic peptic ulcer disease, 

which translates into about 4 million people who have active peptic ulcers; about 350,000 new 

cases are diagnosed each year. Four times as many duodenal ulcers as gastric ulcers are diagnosed. 

Approximately 3000 deaths per year in the United States are due to duodenal ulcer and 3000 to 

gastric ulcer. There has been a marked decrease in reported hospitalization and mortality rates for 

peptic ulcer in the United States, but changes in criteria for selecting the underlying cause of death 

might account for some of the apparent decrease in ulcer mortality rates. Hospitalization rates 

for duodenal ulcers decreased nearly 50% from 1970 to 1978, but hospitalization rates for gastric 

ulcers did not decrease [2]. Physician offi ce visits for peptic ulcer disease have decreased in the last 

few decades. The hospitalization rate is approximately 30 patients per 100,000 cases. Although 
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this decrease in hospitalization rates may refl ect a decrease in duodenal ulcer disease incidence, it 

appears that changes in coding practices, hospitalization criteria, and diagnostic procedures have 

contributed to the reported declines in peptic ulcer hospitalization and mortality rates; the mortal-

ity rate has decreased modestly in the last few decades and is approximately 1 death per 100,000 

cases. In Peru, the prevalence of gastric ulcer and duodenal ulcer decreased from 3.15% and 5.05% 

respectively in 1985, to 1.62% and 2.00% respectively in 2002 [3]. There is no good evidence to 

support the popular belief that peptic ulcer is most common in the spring and autumn; the most 

consistent pattern appears to be low ulcer rates in the summer. There is strong evidence that ciga-

rette smoking, regular use of aspirin or nonsteroidal anti-infl ammatory drugs (NSAIDs, including 

coxibs), and prolonged use of steroids are associated with the development of peptic ulcer. There is 

some evidence that coffee may affect ulcers, but most studies do not implicate alcohol, food, or psy-

chological stress as causes of ulcer disease. Genetic factors play a role in both duodenal and gastric 

ulcer; the fi rst- degree relatives of patients with duodenal ulcer have a 2- to 3-fold increase in risk of 

getting duodenal ulcer and relatives of gastric ulcer patients have a similarly increased risk of get-

ting a gastric ulcer. About half of the patients with duodenal ulcer have elevated plasma pepsinogen 

I; a small increase in risk of duodenal ulcer is found in persons with blood group O and in subjects 

who fail to secrete blood group antigens into the saliva. In most Western countries, morbidity from 

duodenal ulcer is more common than from gastric ulcer, even though deaths from gastric ulcer 

exceed or equal those from duodenal ulcer, while in Japan, both morbidity and mortality are higher 

for gastric ulcer than for duodenal ulcer [2].

H. pylori is associated with peptic ulcers in adults (<60, mostly males); while NSAIDs are the 

major cause of peptic ulcers in the elderly (mostly women). The currently accepted knowledge is that 

H. pylori is transmitted by the fecal-oral route, which may or may not be water- or food-borne.

H. pylori is so common as to seem ubiquitous in many areas of the world. In developing nations, 

four of fi ve persons are infected by age 20 [4]. However, in the United States, infection is unusual 

in children, and the likelihood of being infected is roughly correlated with age and ethnic back-

ground [4]. Today the prevalence of H. pylori infection in the United States is about 30%, which 

represents a 50% decline from 30 years ago. Persons born before 1950 are much more likely to have 

the infection than those born after 1950. Twice as many Black and Hispanic people are infected as 

White people [5]. This difference is not racial but refl ects socioeconomic and educational factors, 

especially socioeconomic status during childhood. Although the prevalence of H. pylori infection 

is relatively low in the United States and other countries in which the standard of living is high, the 

prevalence exceeds 50% in industrialized areas of Asia and Europe. The EUROGAST Study Group 

[6] found that among asymptomatic persons 25 to 34 years of age, the prevalence of infection in 

Minneapolis–St. Paul (MN) was 15%, compared with 62% in Yokote, Japan, and 70% in parts of 

Poland. Because infection is typically acquired in childhood and is almost ubiquitous in Russia, 

Asia, Latin America, South America, and parts of Europe, patient age and country of origin may 

be important for detection. Mortality data (1971–2004) from eight different countries, including 

Argentina, Australia, Chile, Hong Kong, Japan, Mexico, Singapore, and Taiwan, were character-

ized by a decline in gastric and duodenal ulcer mortality [7]. Gastritis is almost always associated 

with H. pylori infection, but peptic ulcer disease develops in only about one in six infected persons. 

A number of studies [8] have shown that more than 90% of patients with duodenal ulcer and more 

than 70% of those who have gastric ulcer are infected with H. pylori. However, recent reports [9] 

describe ulcer disease that is H. pylori-negative and apparently not associated with use of NSAIDs, 

suggesting there may be other rare causative factors. 

III. PATHOPHYSIOLOGY

Peptic ulcers are defects in the gastric or duodenal mucosa that extend through the muscularis 
mucosa. H. pylori infection and NSAID use are the most common etiologic factors. H. pylori can 

elevate acid secretion in people who develop duodenal ulcers, decrease acid through gastric atrophy 
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in those who develop gastric ulcers or cancer, and leave acid secretion largely unchanged in those 

who do not develop these diseases. Duodenal ulcers did not occur in achlorhydric people or in those 

secreting <15 mmol/h of acid; duodenal ulcers can be healed, but not cured, by pharmacological 

suppression of acid secretion below this threshold. Areas of gastric metaplasia in the duodenum can 

be colonized by H. pylori, causing infl ammation (duodenitis) and leading to further damage of the 

mucosa. The extent of gastric metaplasia is related to the amount of acid entering the duodenum—

lowest in patients with pernicious anemia who secrete no acid and highest in patients with acid 

hypersecretion due to gastrin-secreting tumors (Zollinger-Ellison syndrome). Acid hypersecretion 

in duodenal ulcer disease is virtually always due to H. pylori infection because secretion returns to 

normal after the infection is eradicated. The predominantly antral gastritis in duodenal ulcer dis-

ease leads to acid hypersecretion by suppressing somatostatin cells and increasing gastrin release 

from the G cells in the gastric antrum. Other less common causes are mastocytosis, and basophilic 

leukemias. Under normal conditions, a physiologic balance exists between peptic acid secretion and 

gastroduodenal mucosal defense. Mucosal injury and, thus, peptic ulcer occur when the balance 

between the aggressive factors and the defensive mechanisms is disrupted. Aggressive factors, such 

as NSAIDs, H. pylori, alcohol (liquor), bile salts, acid, and pepsin, can alter the mucosal defense 

by allowing back diffusion of hydrogen ions and subsequent epithelial cell injury. The defensive 

mechanisms include tight intercellular junctions, mucus, mucosal blood fl ow, cellular restitution, 

and epithelial renewal. H. pylori infection predisposes to distal gastric cancer, but patients who 

develop this complication have diminished acid secretion. Low acid secretion in gastric cancer was, 

until recently, thought to be predominantly due to gastric corpus gastritis, the associated gastric 

atrophy leading to loss of parietal cells. However, H. pylori-associated acid hyposecretion can in 

part be reversed by eradicating H. pylori, suggesting that hyposecretion is due to infl ammation 

rather than to permanent loss of cells.

Most strains of H. pylori can be divided into two distinct phenotypes based on the presence 

or absence of a vacuolating toxin (Vac A toxin) and the products of the cag pathogenicity island 

(cagPI), a large chromosomal region that encodes virulence genes and is similar to that found in 

other enteric pathogens such as Escherichia coli and Salmonella typhi. People infected with strains 

of H. pylori with the cagPI have more severe mucosal damage and are more likely to have duodenal 

ulcers or gastric cancer. However, research has not yet identifi ed H. pylori genes that predispose 

to either duodenal ulcer or gastric cancer. Furthermore, in developing countries, where H. pylori 
infects most of the population, cagPI strains of H. pylori are present in almost all infected people 

but only a few develop clinical disease [10].

IV. TREATMENT RECOMMENDATIONS

FOOD

Since H. pylori infection is the leading cause of PUD and it is transmitted through gastrointes-

tinal exposure, some patients and their practitioners are focused on risk of reinfection. Food and 

nutrient selection should instead be focused on what improves gastrointestinal linings and immune 

resistance. 

A diet imposed by a physician or a dietician creates stress and will not be followed for more than 

a few days. Some remedies, such as the recommendation of large amounts of milk, can exacerbate 

symptoms. Furthermore, most people are wired to like or dislike foods, dishes, textures, and smells, 

or carry prejudices they were infected with at a young age. A clinically measurable example is the 

“Supertasters” who fi nd cruciferous vegetables intensely (and therefore avoidably) bitter. Therefore 

rather than imposing a diet, certain foods should be recommended over others. 

Broccoli sprouts, brussels sprouts, and other leafy vegetables of the large “cabbage” family must 

be cooked (microwave is okay) to prevent infection due to ubiquitous E. coli. Lactic fermentation of 

cabbage, for example, sauerkraut, is safe, and provides the added benefi ts of a probiotic.

TAF-67621-08-0801-C011.indd   175TAF-67621-08-0801-C011.indd   175 12/19/08   7:34:35 PM12/19/08   7:34:35 PM



176 Food and Nutrients in Disease Management

Yogurt, kefi r, and other lactic-fermented foods do help, and could cure a peptic ulcer (see Table 

11.1) [11–52]. Conversely, large amounts of live probiotics, even 1010 live lactic bacteria, pale when 

compared to the >1014 bacteria that form our usual intestinal fl ora. Somewhere between 300 and 

1000 different species live in the gut, with most estimates at about 500 [53]. Probiotics alone do 

not seem to make much difference; if absorbed during a treatment with antibiotics, they will be 

wiped out. 

TABLE 11.1
Brief Review of Natural Products Proposed to Control/Eradicate H. pylori, or Cure Peptic 
Ulcers
Nutrient/Food/Herb Proposed Mechanism of Action Dosing and Precautions

Aloe vera [11] gel

Aloe barbadensis
Reduction of leukocyte adherence in 

postcapillary venule. Increased level 

of IL-10; decreased level of TNF-α. 

Reduction of gastric infl ammation. 

Elongated gastric glands. Healing of 

gastric ulcers.

1 teaspoon (5 g) of gel after meals.

Caveat: Use only the translucent gel 

without alloin, a cathartic purgative.

Astragaloside IV [12]

Astragalus zahlbruckneri
Participation of NO (nitric oxide), 

prostaglandins, and sulfhydryls.

100 mg t.i.d.

Broccoli sprouts, brussels 

sprouts [13–15]

(sulforaphanes)

Antioxidant. Stimulate nrf-2 

gene-dependent antioxidant enzyme 

activities. Protect and repair gastric 

mucosa during H. pylori infection 

Bacteriostatic against 3 reference 

strains and 45 clinical isolates of 

H. pylori irrespective of their 

resistance to conventional antibiotics. 

Brief exposure to sulforaphane was 

bactericidal. Consumption of broccoli 

sprouts twice daily for 

7 days resulted in normal urea breath 

tests, which remained normal at day 

35. 78% of patients became stool 

antigen-negative and 60% remained 

negative at day 35.

50 g of cooked broccoli/brussels 

sprouts b.i.d. for 7 days.

Cat’s Claw/Uña de Gato [16]

Uncaria tomentosa, Uncaria 
guianensis
(3% alkaloids [rhynchophylline]; 

15% polyphenols)

Carboxyl-alkyl esters; pentacyclic 

oxindole alkaloids (POA). 

Proanthocyanidins. Antioxidants, 

anti-infl ammatory. Cytoprotection 

with inhibition of TNF-α production 

(>70%).

Inner bark of stems and leaves.

1 g of vine powder capsules t.i.d. (and 

up to 5 g daily) with lemon juice 

(½ teaspoon/cup of water).

Caveat: Potentiates Coumadin/

warfarin.

Centella asiatica, Gotu kola [17] Brahmi, bacosides A and B. Bacoside 

assists in release of NO. Asiaticosides 

are immuno-stimulants. Extract and 

asiaticosides reduced size of ulcers at 

day 3 and 7 with concomitant 

attenuation of myeloperoxidase 

activity in ulcer tissue. Epithelial cell 

proliferation and angiogenesis were 

promoted, as well as expression of 

basic fi broblast growth factor in the 

ulcer tissues.

Eaten raw as salad leaf (Sri Lanka). 

Boil ½ teaspoon dry leaves/

cup of water; drink 3 cups daily.

Caveat: Potentiates sedative effects of 

diphenhydramine, barbiturates, 

tricyclic antidepressants, zolpidem, 

anticonvulsants. Interferes with oral 

anti-diabetics and insulin.
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Nutrient/Food/Herb Proposed Mechanism of Action Dosing and Precautions

Cranberry [18]

Vaccinium oxycoccus palustris
Polyphenol antioxidants with 

antibacterial activity. Anti-adhesion 

against H. pylori. 13C urea breath test 

was negative after 1 week of 

treatment. Eradication was 82.5%; 

better in female patients (95.2%).

250 mL of juice b.i.d.

Dangshen [19]

Conopsis pilosula
Reduces gastric acid secretion, and 

gastrointestinal movements and 

propulsion.

Roots: 10–15 g daily in decoction.

Dragon’s Blood [20]

Dracaena cochinchinensis
New fl avonoids derivatives 6 and 7 and 

(2S)-4’,7-dihydroxy-8-methylfl avan 

were very active against H. pylori (ATC 

c45504) with MIC values of 29.5, 29.5 

and 31.3 microM respectively.

10 grains q.d., preferably in liquor.

Caveat: Cathartic (risk of diarrhea).

Ginger [21]

Zigimber offi cinale rhizome

Sesquiterpenoids. Phenylpropanoloids 

(gingerols, shogaols). Zingerone 

(during cooking).

Sialagogue (stimulates production of 

saliva). Gastrokinetic. Ginger 

rhizome extract containing the 

gingerols inhibit the growth of 

H. pylori Cag+ strains in vitro.

1–5 g of fresh ginger daily.

Caveat: Interacts with warfarin. 

Cholecystokinetic contraindicated if 

gallstones. Can cause heartburn if 

taken in large amounts or as powder.

Guarana [22]

Paullinia cupana
Tannins and other polyphenols. 

Pretreatment with guarana (50 & 100 

mg/kg orally) provides gastroprotection 

against pure ethanol, similar to caffeine 

(2–30mg/kg orally). But guarana 

protected against indomethacin-

induced gastric ulceration while 

caffeine was ineffective.

Guarana extract: 500 mg q.d. with 

food.

Caveat: Risk of seizures at high doses 

(cf. caffeine). 

Do not mix with ephedrine!

DGL [23]

Deglycyrrhizinated licorice, Caved-S®

Equal to cimetidine. 44% healing vs. 

6% with placebo

>760 mg chewed before each meal. 

Daily dosage: 4.5 g.

Marigold [24, 25]

Calendula offi cinalis
Methanolic extract and its 1-butanol-

soluble fraction show 

gastroprotective effects. The active 

constituents are saponin glycosides 

A, B, C, D and F against 

indomethacin-induced lesions in 

rats. In 90% of patients, spontaneous 

pain disappeared. Gastric acidity 

was statistically decreased 

posttreatment.

Calendula extract (45% water): 

1–5 mL b.i.d.

Mastic gum [26–28]

Resin from Pistacia lenticus, from the 

island of Chios, Greece

Decreases free acidity in 6-hour 

pylorus-ligated rats and 

cytoprotective against 50% ethanol in 

rats. Acid fraction of total mastic 

extract was very active 

(MBC=0.139mg/mL), as well as 

isomasticadienolic acid 

(MBC=0.202mg/mL). A double-blind 

study on 38 patients 

1 g daily.

continued
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with 1 g daily for 2 weeks provided 

symptomatic relief in 80% of mastic 

patients (vs. 50% in the placebo 

group); endoscopically proven healing 

occurred in 70% mastic patients vs. 

22% with placebo (p < 0.01). No side 

effects were reported.

Optiberry® [29]

Blend of wild blueberry, strawberry, 

cranberry, wild bilberry, elderberry, 

and raspberry seed extracts, with 

standardized levels of malvidin, 

cyanidin, delphinidin and petunidin.

Anthocyanins: better bioavailability 

with antioxidant activity. H. pylori 
strain 49503 suspension in PBS was 

exposed for 18 h to Optiberry 

0.25–1% concentration that 

signifi cantly inhibited (p < 0.05) 

H. pylori and increased its 

susceptibility to clarithromycin.

30 mg b.i.d. with meals.

Parsley [30]

Petroselinum crispum
Tannins, fl avonoids, sterols, 

triterpenes.

Inhibits gastric secretion, protects 

gastric mucosa against injuries 

caused by pyloric ligation, 

indomethacin, and cytodestructive 

agents at 1–2 g/kg in rats.

6g daily.

Caveat: Emmenagogue and 

abortifaciens (apiol). Photosensitizer 

(furanocoumarins and psoralens). 

Rich in oxalic acid (urolithiasis).

Plantain [31–33]

Musa spp.
Extract from unripe plantain bananas. 

Effects may vary according to 

variety; Hom seems to be more 

active.

Stimulates growth of gastric mucosa. 

Antiulcer caused by aspirin, 

indomethacin, phenylbutazone, 

prednisolone, and cysteamine in rats; 

caused by histamine in guinea pigs. 

Increased staining of alcian blue in 

apical cells with staining in deeper 

layers of mucosal glands. Extract 

of Hom variety is both 

gastroprotective (vs. indomethacin) 

and ulcer healing.

5–10 g of powder daily, with food.

N.B. Ripe fruit plantain and dessert 

bananas are inactive.

Evening Primrose [34, 35]

Oenothera biennis
The seeds contain 7–10% of 

gamma-linolenic acid (GLA), an 

omega-6 PUFA. The oil (EPO) is 

used in medicine (anti-infl ammatory).

EPO (5–10 mg/kg) inhibits damage 

induced by pylorus ligation and 

NSAIDs; it demonstrates anti-

secretory and anti-ulcerogenic effects 

in rats. EPO inhibited growth of H. 
pylori, suppressed acid production, 

healed the ulcer, and protected gastric 

mucosa from aspirin- and steroid-

induced damage in humans.

4–8 g of EPO daily, divided in small 

doses to be taken throughout the 

day.

Caveat: Seizures in some patients, 

notably if taking antipsychotic 

phenothiazines.

Polyunsaturated Fatty Acids, 

PUFAs [36]

Commonly found in seed and marine 

oils. GLA (omega-6), 

docosahexaenoic (DHA) and EPA 

(omega-3 C20:5) acids are most 

effective.

Linolenic acid is associated with 

membrane function [14C studies].

Diets rich in PUFAs protect against 

duodenal ulcers by inhibiting growth 

of H. pylori. Doses of 10−3M or 

2.5 × 10−4M are effective in killing 

most H. pylori.

Probiotics, Yogurt/Yoghurt [37, 38]

Live microorganisms which when 

administered in adequate amounts 

confer a health benefi t on the host; 

mostly lactic bacteria.

Lactic bacteria inhibit growth of 

H. pylori. Regular intake of yogurt 

containing Bb12 and La5 (AB 

yogurt) decreased the urease activity 

(13C breath test) after 6 w of therapy

2–4 6 oz. or 8 oz. yogurts with live 

active cultures/day. Brands 

associating bifi dobacteria claim 

more effi cacy.

TABLE 11.1 (continued)
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(p < 0.0001), and H. pylori infection 

in 59 adults vs. 11 in milk (placebo) 

control group. Pretreatment with AB 

yogurt for 4 w improved the effi cacy 

of quadruple 1 w treatment of 

H. pylori infection despite microbial 

resistance.

Propolis [39]

A resinous substance that bees collect 

from tree buds or other botanical 

sources. The composition of propolis 

is variable, depending on season, bee 

species and geographic location.

The composition of propolis will vary 

from hive to hive, district to district, 

and season to season. Even propolis 

samples taken from within a single 

colony can vary, making controlled 

clinical tests virtually impossible. 

Propolis has been shown to target 

H. pylori, and is anti-infl ammatory 

and antioxidant. Combination of 

propolis and clarithromycin improved 

inhibition of H. pylori synergistically. 

Two 250 mg capsules t.i.d. for 1 w.

Caveat: Propolis may cause severe 

allergic reactions if the user is 

sensitive to bees or bee products.

Quercetin [40]

3,3’,4’,5,7-pentahydroxy-2-

phenylchromen-4-one. The aglycone 

form of a number of other fl avonoid 

glycosides, such as rutin and 

quercetin.

Quercetin is the most active of the 

fl avonoids with signifi cant anti-

infl ammatory activity; it inhibits both 

the manufacture and release of 

histamine; it exerts potent antioxidant 

activity and vitamin C-sparing action. 

Pretreatment (120’) with 200 mg/kg 

quercetin prevented gastric necrosis 

due to ethanol; all animals treated 

with quercetin showed increased 

gastric mucus production.

Foods rich in quercetin include 

capers (1800 mg/kg), lovage (1700 

mg/kg), apples (440 mg/kg), tea 

(Camellia sinensis), onions 

(higher concentrations of quercetin 

occur in the outermost rings), red 

grapes (higher concentration in red 

wine), citrus fruits, broccoli, and 

other leafy green vegetables. 

Organic tomatoes have 79% more 

quercetin than conventionally 

grown ones. FRS soft chews is a 

commercial supplement: 2 soft 

chews t.i.d.

Caveat: Quercetin is contraindicated 

with antibiotics; it may interact with 

fl uoroquinolones. It is also a potent 

inhibitor of CYP3A4 (drug 

interaction).

Reishi, Lingzhi [41]

Ganoderma lucidum
Reishi polysaccharide (GLPS) 250 and 

500 mg/kg by intragastric 

administration healed ulcers in rats, 

with suppression of TNF-α gene 

expression and ornithine 

decarboxylase (ODC) activity. GLPS 

at 0.25–1 mg/mL increased mucus 

synthesis. Besides suppression of 

TNF-α, GLPS induced c-Myc and 

ODC gene expression.

1–2 capsules of 500 mg (with spores) 

of ReishiMax® b.i.d with vitamin C 

supplement (250mg) or fruit juice.

Sanogastril® [42]

Extract of glycine maximus with 

Lactobacillus bulgaricus LB51.

Active against gastric hyperacidity; 

80% of gastric and duodenal ulcers 

improved after 10 days of treatment.

Chew 1–3 1.5 g tablet(s) each day.

Active within 5 minutes in 70% of 

cases.

TABLE 11.1 (continued)
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Sea-Buckthorn [43]

Hippophae rhamnoides
Constituents of sea-buckthorn berries, 

particularly oils, have exceptional 

properties as antioxidants. In rats, 

oral administration of CO2-extracted 

oil from seeds and pulp at dosage of 

7 mL/kg/day signifi cantly reduced 

ulcer formation by water immersion 

or reserpine in rats. At 3.5 mL/kg/day 

it also reduced gastric ulcer by 

pylorus ligation and sped up healing 

of acetic acid-induced gastric ulcer 

(P < 0.01).

Fresh juice, syrup, and berry or seed 

oils are used for stomach ulcers. The 

recommended dosage for esophagus 

and stomach disorders is ½ teaspoon 

2–3 times a day of sea-buckthorn 

oil.

Swallowroot, Sariva [44]

Decalepis hamiltonii
Bioactive polysaccharide (SRPP)

Prevented (80–85%) stress-induced 

gastric ulcers in animal models. 

Normalized gastric mucin, 

antioxidants, and upregulated X 3 

H(+),K(+)-ATPase. Protected gastric 

mucosa and epithelial glands. 

Inhibited H. pylori growth at 

77mg/mL. SRPP is nontoxic. 

Decoction of root (India, Ayurvedic) 

t.i.d.

Green Tea [45]

Camellia sinensis
Inhibition of H. pylori urease with 

IC(50) of 13 μg/mL. Active 

components are catechins. In 

Mongolian gerbils infected with 

H. pylori, 500, 1000, and 2000 ppm 

of green tea extract in water 

suppressed gastritis and H. pylori in 

6 w, in dose-dependent manner.

4–8 cups (2.25 g of tea per 6 oz of 

water) daily. Decaffeinated green tea 

is available.

Turmeric, Curcumin [46]

Curcuma longa
Its rhizomes are boiled for several 

hours and then dried in hot ovens, 

after which they are ground into a 

deep orange-yellow powder. 

Turmeric contains up to 5% 

essential oils and up to 3% 

curcumin, a polyphenol. It can exist 

in at least two tautomeric forms, 

keto and enol. The keto form is 

preferred in solid phase and the enol 

form in solution.

Anti-H2 histamine receptor. In pylorus-

ligated rat stomachs, it reduced 

gastric secretion and prevented 

lesions. Pretreatment with Curcuma 
longa extract reduced Dimaprit® 

(H2 agonist)-induced cAMP 

production in a concentration-

dependent manner. The ethanol and 

ethylacetate extracts are both active 

as H2 receptor competitive blockers.

Two 500 mg curcumin 95% capsules 

b.i.d.

Vitamin C [47, 48]

Ascorbic acid

Adding vitamin C (ascorbic acid) for 

1 w to the triple treatment (omeprazole 

20 mg q.d. + clarithromuycin 500 mg 

q.d. + amoxicillin 1 g q.d.) can reduce 

the dosage of clarithromycin from 

500 to 250 mg and help eradicate 

H. pylori [37]. However, administration 

of 5 g q.d. vitamin C during 28 days had 

no effect on H. pylori infection [38].

250 mg b.i.d.

TABLE 11.1 (continued)
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Water hyssop, Brahmi [49]

Bacopa monniera
Contains 2 saponins (bacopaside I and 

II), betulinic acid, wogonin, 

oxeoxindin, apigenin, and luteolin.

In both normal and diabetic (NIDDM) 

rats, B. monniera extract (BME, 

20–100mg/kg) did not infl uence 

blood glucose levels. BME (50mg/kg) 

showed signifi cant anti-ulcer and 

ulcer-healing activities. The ulcer-

protective effects of BME were more 

pronounced in nondiabetic rats; BME 

affects various mucosal offensive and 

defensive factors.

1–2 225 mg tablet(s) b.i.d.

Antioxidant. Treats epilepsy. 

Nootropic (enhances cognition); 

protects against memory 

deterioration due to phenytoin.

Bolivian Medicinals [50]

Phoradendron crassifolium and 

Franseria artemisioides
Tanins, saponins, fl avonoids, and 

coumarins.

Cytoprotective against ethanol-

induced ulcer in rats. Cytoprotective 

activity is comparable to atropine.

As decoction, several times 

daily.

Caveat: Phoradendron is a mistletoe, 

with poorly defi ned toxicity. 

Franseria artemisioides is a 

ragweed, with cross-allergenicity 

with all Ambrosiae.

Zinc-Carnosine [51] 

Chelate of elemental zinc and 

carnosine in a 1:1 ratio.

Carnosine is a free radical scavenger 

that prevents lipid peroxidation. Zinc-

carnosine blocks the effects of 

TNF-α or IL-1β in MKN28 human 

gastric cells, and reduces IL-8 in 

supernatant. It prevents reduction of 

mucus production caused by ethanol, 

and inhibits proliferation of H. pylori 
by inactivating urease. Many studies 

confi rm 100% control of symptoms 

and >80% endoscopic cure after 8 w 

of treatment. Zinc-carnosine 

improved effi cacy and shortens 

duration of treatment with antibiotics.

75 mg q.d. or b.i.d., preferably 

chewable, for 8 weeks.

Traditional Chinese Medicine 

(TCM) [52]

30 Chinese herbals

divided into the groups below

In vitro assessment of ethanol extracts 

against H. pylori. Extracts of group 

#1 were active at a concentration of 

40 μg/mL while extracts of groups #2 

and #3 were active at 60 μg/mL. 

These 30 well-known plants require 

more studies for identifi cation of 

active components and 

standardization, but offer great hope 

for eradication of H. pylori, possibly 

in combination.

As “tea” (decoction) t.i.d.

Caveat: sourcing, toxicology, 

standardization—and even proper 

identifi cation—are poor, unknown, 

or ignored. Contamination with 

heavy metals, pathogens, pesticides, 

etc. is common.

TCM Treatment of Peptic Ulcer
Insuffi ciency-Cold Type: Modifi ed Decoction of Astragalus

Astragalus root

Cinnamon twig bark

White peony root

Cuttlefi sh bone

Dahurian angelica root

Prepared licorice root

TABLE 11.1 (continued)
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Stagnated-Heat Type: Modifi ed Two-Old Herbs Decoction + Eliminating Pathogenic Heat from Liver
Coptis rhizome

Cape jasmine fruit

Scutellaria root

Anemarrhema rhizome

White peony root

Tangerine peel

Piniella tuber

Poria

Finger citron

Dendrobium

Prepared licorice root

N.B. If presence of hematemesis or melena, add 6 g of natoginseng powder to be taken after decoction.

Advanced Stomach Support Formula, Standardized
Corydalis tuber

Astragalus root

San-qi root

Chekiang fritillary bulb

Chinese licorice root

Gambir leaf & stem

Bletilla striata (Thumb.) root

Sepia esculenta (Hoyle) shell

Qi-Stagnation Type: Modifi ed Powder Against Cold Limbs + Sichuan Chinaberry Powder
Bupleurum root

Cyperus tuber

White peony root

Bitter orange

Tangerine peel

Sichuan chinaberry

Corydalis tuber

Aucklandia root

Perilla stem

Ark shell

Finger citron

Prepared licorice root

Foods rich in quercetin should be part of the diet: Apples, tea, and red wine are the most accept-

able. A regular consumption of onions and capers is recommended. Regular, moderate consump-

tion of red wine (even de-alcoholized) during meals will control H. pylori proliferation [54] and 

toxicity [55].

To provide a supplemental, absorbable iron supply, a diet rich in red meat, liver, and other innards 

is recommended in patients with confi rmed blood loss due to a bleeding ulcer. The only iron we can 

readily absorb comes from animal sources. These same foods are rich in vitamin B12, which can be 

absorbed less readily in a hypochlorhydric environment of acid-suppressing medication.

Beverages can increase stomach acid production. Patients must be aware of the acid-inducing 

properties of some beverages (presented in Figure 11.1). Of particular note is that milk but not fer-

mented dairy products induce acid production.

TABLE 11.1 (continued)
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NUTRIENT AND HERBAL SUPPLEMENTS

The marketing of “natural cures” is an exponentially growing business on the Internet, in maga-

zines, health food stores, supermarkets, or large outlets (e.g., Costco, Wal-Mart). Most claims are 

unsubstantiated, and most products are unreliable if not toxic.

Table 11.1 summarizes current acceptable knowledge based on extensive research on Medline/

PubMed in early 2008. Most products have not been submitted to the test of controlled clinical stud-

ies and base their claims on limited animal or lab results. Here, more than ever, caution is required. 

Treatment of peptic ulcer disease can involve nutrient-drug interactions. Specifi cally, if proton 

pump inhibitors have been used for a long period of time, the patient’s vitamin B12 status must be 

checked, and oral supplementation or injection considered.

V. SUMMARY

I can recommend the following, for a good record on safety and effi cacy. Most foods can be con-

sumed regularly; supplements’ activity should be checked after 8 weeks.

Cooked broccoli sprouts: 50 g daily• 

Cranberry juice (pure): 250 mL twice daily• 

Deglycyrrhizinated licorice: 760 mg t.i.d.• 

Mastic gum: 1 g daily• 

Unripe plantain powder: 5 to 10 g daily• 

Yogurt, natural, low fat, with live cultures (possibly • Bifi dobacteria): 2 to 4 6-ounce serv-

ings daily

Diet high in vegetables rich in quercetin, and moderate amounts of red wine (even de-• 

alcoholized) with meals

Sanogastril• ®: 1 to 3 tablets daily

Green tea (eventually decaffeinated): • ad libitum
Zinc-carnosine: 75 mg q.d. or b.i.d. (preferably chewable)• 
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I. INTRODUCTION

The liver detoxifi es potentially harmful foreign substances and endogenous metabolic byproducts. 

Failure to detoxify harms the liver, gallbladder, and human host. Historically, the focus on liver dis-

ease management has been reducing the toxic burden where possible. More recent research points 

to biochemical individuality in response to the same toxin burden. 

Hepatitis and cholecystitis can be thought of as genetotrophic diseases, those for which genetic 

uniqueness creates demands for specifi c nutrients beyond the average and for which unmet nutrient 

demands are associated with disease [1]. This chapter focuses on dietary patterns, food, and nutri-

ents that can augment the liver’s detoxifying system in the face of liver and gallbladder disease.

II. EPIDEMIOLOGY

Viral hepatitis is also changing with immigrants and adoptees from areas where hepatitis B virus 

(HBV) is endemic and where hepatitis B is often acquired transplacentally with a chronic car-

riage rate of 90% without medical intervention. Due to improved viral testing, blood transfusions 

have decreased as a cause of transferring hepatitis B and C. Intravenous drug use, unsafe sex and 

tattoos are now the leading means of acquiring hepatitis B and C. There are 1.4 million deaths 

annually in the United States from hepatocellular carcinoma and cirrhosis as a complication of 

hepatitis B [2]. Hepatitis C infects an estimated 3 to 4 million people in the United States and is 

only self-limiting in 15%. Of the 85% who have chronic hepatitis C, the majority will have ele-

vated or fl uctuating serum alanine aminotransferase (ALT) and one-third will have persistently 

normal ALT. The latter group is presently not eligible for peg interferon and ribavirin therapy 

despite their continued liver injury and detectable viremia [3].

Nonalcoholic steatohepatitis (NASH) has recently become the third cause for liver transplanta-

tion and is projected to be the leading cause sometime in the future as obesity and diabetes preva-

lence increases. The spectrum of fatty liver ranges from NAFLD (nonalcoholic fatty liver disease) 

with normal enzymes to NASH as the leading cause of transaminasemia. NAFLD is now present 

in 17% to 33% of Americans [4]. 

TAF-67621-08-0801-C012.indd   187TAF-67621-08-0801-C012.indd   187 12/19/08   7:34:54 PM12/19/08   7:34:54 PM



188 Food and Nutrients in Disease Management

Also partly due to the epidemic of obesity and diabetes, gallstone disease has a population 

prevalence of 5% to 25%. Prevalence varies signifi cantly among different ethnic groups. Northern 

Europeans have a much higher incidence than African Americans. Seventy percent of Pima Indians 

in Arizona and California have gallstones because of hereditary factors and a diet high in saturated 

fat and starches. In Mexico, Pima Indians eating a more traditional diet have a much lower rate. 

Women are disproportionately affected across races [5].

In summary, inheritance, gender, lifestyle habits, nutrition, and health status infl uence the activi-

ties of various detoxifi cation enzymes. Polymorphism of liver detoxifi cation enzymes has been 

associated with increased prevalence of many degenerative diseases [6].

III. PATHOPHYSIOLOGY

Liver detoxifi cation is a two-phase process, where each phase requires nutrients. If those nutrients 

are inadequately present, the liver’s ability to manage the oxidative byproducts is compromised. 

Phase I detoxifi cation is conducted by the specialized members of the cytochrome P450 mixed-

function oxidase family of enzymes, resulting in production of a new class of compounds called 

biotransformed intermediates. These are converted into a form that can be easily excreted. Many 

toxins are fat soluble and tend to accumulate into fatty tissues. Phase II detoxifi cation involves the 

combination of these newly biotransformed intermediates with substances in the liver to make them 

water-soluble for excretion as nontoxic substances in the urine and bile [7]. 

For phase I and the eight separate phase II processes to function properly, specifi c nutrients 

are required: Vitamins C, E, and B complex; biofl avinoids; glutathione; and the sulfur-containing 

amino acid cysteine [8]. The amino acids glycine, taurine, and methionine and vitamins and miner-

als are additionally needed to activate the conjugation phase II pathways [9].

Viral hepatitis and NASH both exert infl ammatory stress on the liver. The liver in turn requires 

more detoxifying nutrients to manage infl ammation, mitochrondrial stress, and other processes 

occurring at the molecular and cellular levels. When the molecular insults are not fully neutralized, 

infl ammation results. Free radicals overwhelm the antioxidant reserve of the mitochondria of the 

cell. Repeated and ongoing infl ammation results in liver damage visible at the tissue level, when 

fi brosis from the stellate cells overzealously attempts to wall off the infl ammation to keep it from 

spreading. This process may result in altered architecture of the liver lobule reducing access to the 

arterial and portal blood fl ow and bile removal leading to cirrhosis and portal hypertension [10]. 

When the liver is infl amed, insulin resistance and abdominal fat increase the steatosis in the liver 

and predispose the gallbladder to stone formations. 

In chronic hepatitis, hepatic hypoxia and oxidative stress may occur during the infl ammatory and 

fi brotic processes that characterize these chronic liver diseases of viral origin. As a consequence, 

new vascular structures are formed to provide oxygen and nutrients and prevent cellular damage 

from oxidative stress. Angiogenesis with growth factors and molecules involved in matrix remodel-

ing, cell migration, and vessel maturation-related factors are involved with liver disease and liver 

regeneration [11].

A study published in the Journal of Hepatology confi rmed the above hypothesis on the 

pathophysiology of hepatitis C. This study investigated the relationship between oxidative stress, 

insulin resistance, steatosis, and fi brosis in patients with chronic hepatitis C (CHC). IgG against 

malondialdehyde-albumin adducts and HOMA-IR (homeostasis model assessment derived from 

fasting plasma glucose and insulin level) were measured as markers of oxidative stress and insulin 

resistance in 107 consecutive CHC patients. Oxidative stress was present in 61% of the patients, 

irrespective of age, gender, viral load, BMI, aminotransferase level, histology activity index (HAI), 

and hepatitis C virus (HCV) genotype. Insulin resistance and steatosis were demonstrated in 80% 

and 70% of patients respectively. In patients infected by HCV genotype non-3, but not in those with 

genotype 3  infection, HOMA-IR (p < 0.03), steatosis (p = 0.02) and fi brosis (p < 0.05) were higher 

in those with oxidative stress than in those without. The researchers concluded that oxidative stress 
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and insulin resistance contribute to steatosis in patients infected with HCV genotype non-3, thereby 

accelerating the progression of fi brosis [12]. 

IV. CLINICAL DIAGNOSIS

The majority of patients with NASH and NAFLD are asymptomatic. The diagnosis tends to be sus-

pected only when chemical abnormalities are noted or fatty liver is seen on ultrasound or CT scan 

of abdomen. Some patients may come to medical attention because of fatigue, malaise, and vague 

right-upper quadrant abdominal discomfort. Physical examination has demonstrated hepatomegaly 

in three-fourths of patients in several studies. Fulminate liver failure has been reported in patients 

treated with certain nucleoside analogs, antimiotic agents, and tetracycline. In other patients with 

inborn errors of metabolism, such as tyrosinemia, fatty liver or steatosis appears to progress rapidly 

to cirrhosis and commonly leads to death from various liver-related complications, including hepa-

tocellular carcinoma. Liver biopsy is seldom necessary to diagnose NAFLD and is currently made 

to exclude other causes of chronic hepatitis [13]. 

However, many patients with chronic illnesses have some impairment of liver detoxifi cation 

of which they and many of their doctors are unaware. They don’t have elevated AST, ALT, or 

GGT, but are often on a number of pharmaceuticals and often have drug interactions and sensitivi-

ties. Symptoms include sensitivities to perfumes, car exhaust, fumes from gasoline or paint, and 

common household cleansing agents and chemicals. Physical examination often reveals palmar 

erythema, which hepatologists would say indicates that the patients have cirrhosis, but they don’t. 

These patients are experiencing liver disease at the molecular and cellular level, which is not yet 

visible on a tissue level. Primary care doctors aware of the molecular process by which liver disease 

develops can monitor these patients, reduce toxicant exposures, and increase nutrients required for 

liver detoxifi cation pathways. Proactive interventions may stall liver disease and may also treat the 

other chronic illnesses for which the patients are being treated in the primary care setting.

Hypertriglyceridemia is associated with fatty liver (NASH and NAFLD). A ratio of the triglyc-

erides divided by the HDL of 3.0 or greater and triglycerides of 130 mg/dL or greater can be used 

in the absence of standardized insulin assays to screen patients for insulin resistance [14]. However, 

this ratio is not a reliable marker of insulin resistance in African Americans or Hispanics [15].

Also available are specialized laboratory tests to screen for impaired liver detoxifi cation. One 

such test is called the functional liver detox challenge test to acetaminophen, benzoate, salicylic 

acid, and caffeine, which can be obtained from Genova Diagnostic Laboratory. This test evalu-

ates specifi c aspects of the cytochrome p450 detoxifi cation, measuring the clearance of challenge 

substances in two salivary specimens; the products of detoxifying reactions are also assessed in an 

overnight urine specimen.

Since insulin resistance is a risk factor for gallbladder disease, hypertriglyceridemia is also asso-

ciated with gallbladder disease. Gallbladder disease, which is predominantly gallstone disease, is  

manifested right-upper quadrant abdominal pain that can radiate to the back and is usually associ-

ated with fatty food ingestion. Ultrasound of the gallbladder is the gold standard. Lab testing of 

biliary obstruction with transient elevated transaminasemia, bilirubinemia, alkaline phosphates, 

and elevated GGT are noted.

V. VIRAL HEPATITIS

Antioxidants protect the liver from oxidative damage to the mitochondria. Antioxidants are also 

highly protective of angiogenesis and fi brosis [16].

Researchers at Shandong University China investigated the impacts of interferon alpha-2b (IFN 

alpha-2b) on the oxidative stress states in the treatment of chronic hepatitis B (CHB) with different 

genotypes. Thirty-fi ve patients with chronic hepatitis B and 18 healthy volunteers as a control were 

enrolled in the study. In control and patient groups, the serum ALT and aspartate aminotransferase (AST), 
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serum malondialdehyde (MDA) levels, and serum total antioxidative stress capacity (TAC) were 

measured spectrophotometrically. After the therapy with interferon alpha-2b via intramuscular 

injection three times a week for 12 weeks, these parameters were measured again in the patient 

group. The serum levels of MDA after the treatment with IFN alpha-2b were signifi cantly lower 

than the pretreatment levels (P < 0.05), which even returned to the normal concentration (P > 0.05) 

in the responsive group. There were also signifi cant increases in the TAC after the IFN alpha-2b 

therapy in this group. However, the signifi cant differences in the TAC levels before and after the 

INF alpha-2b treatment were not observed in the nonresponsive group. The researchers concluded 

that oxidative stress could be improved with IFN alpha-2b treatment of chronic hepatitis B patients. 

The results suggested that antioxidant treatment for chronic hepatitis B patients may help improve 

the effect of anti-virus therapy [17].

The aim of another study was to determine oxidant/antioxidant status of patients with chronic 

hepatitis C (CHC), and the effect of pegylated interferon alpha-2b plus ribavirin combination ther-

apy on oxidative stress. Nineteen patients with chronic HCV infection and 28 healthy controls were 

included in the research. In control and patient groups, serum alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) levels, erythrocyte malondialdehyde (MDA) levels, erythrocyte 

CuZn-superoxide dismutase (SOD), and erythrocyte glutathione peroxidase (GSH-Px) activities 

were measured. After pegylated interferon alpha-2b and ribavirin combination therapy for 48 weeks, 

these parameters were measured again in the patient group. The results were that serum MDA levels 

increased signifi cantly in CHC patients (n: 19) before the treatment when compared with healthy 

subjects (n: 28) 9.28 +/– 1.61, 4.20 +/– 1.47 nmol/mL, p < 0.001 respectively). MDA concentra-

tion decreased signifi cantly (p < 0.001) after the treatment as well as ALT and AST activity in 

erythrocytes of these patients. Superoxide dismutase and glutathione peroxidase were signifi cantly 

lower in erythrocytes of patients with CHC before treatment compared with the control group (both 

p < 0.001). These results show that patients with chronic HCV infection are under the infl uence of 

oxidative stress associated with lower levels of antioxidant enzymes. These impairments return to  

the level of healthy controls after pegylated interferon alpha-2b plus ribavirin combination therapy 

of CHC patients. They concluded that although interferon and ribavirin are not antioxidants, their 

antiviral capacity might reduce viral load and infl ammation, and perhaps through this mechanism 

might reduce virus-induced oxidative stress [18].

In another study, 100 patients with chronic HCV infection who failed interferon treatment were 

enrolled and randomly assigned to receive combined intravenous and oral antioxidants or placebo, 

or oral treatment alone. Primary endpoints were liver enzymes, HCV-RNA levels, and histology. 

The investigators found that combined oral and intravenous antioxidant therapy was associated 

with a signifi cant decline in ALT levels in 52% of patients who received antioxidant therapy versus 

20% of patients who received placebo (P = 0.05). Histology activity index (HAI) score at the end of 

treatment was reduced in 48% of patients who received antioxidant therapy versus 26% of patients 

who received placebo (P = 0.21). HCV-RNA levels decreased by 1-log or more in 28% of patients 

who received antioxidant therapy versus 12% who received placebo (P = NS). In part II of the trial, 

oral administration of antioxidants was not associated with signifi cant alterations in any of the 

endpoints. The authors concluded that antioxidant therapy has a mild benefi cial effect on the infl am-

matory response of chronic HCV infection patients who are nonresponders to interferon. Combined 

antiviral and antioxidant therapy may be benefi cial for these patients [19].

Burt Berkson, a medical doctor at the Integrative Medical Center of New Mexico, New Mexico 

State University, described a low-cost and effi cacious treatment program in three patients with 

cirrhosis, portal hypertension, and esophageal varices secondary to chronic hepatitis C infection. 

This regimen combined three potent antioxidants (alpha-lipoic acid [thioctic acid], silymarin, and 

selenium) that possess antiviral, free radical quenching, and immune boosting qualities. The triple 

antioxidant combination of alpha-lipoic acid 300 mg twice daily, silymarin 300 mg daily, and sele-

nium 200 mcg twice a day was chosen for a conservative treatment of hepatitis C because these 

substances protect the liver from free radical damage, increase the levels of other fundamental 
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antioxidants, and interfere with viral proliferation. The three patients presented in this study fol-

lowed the triple antioxidant program and recovered quickly and their laboratory values remarkably 

improved. Furthermore, liver transplantation was avoided and the patients were back at work, carry-

ing out their normal activities, and feeling healthy. The author offered a more conservative approach 

to the treatment of hepatitis C that is exceedingly less expensive. 

One year of this triple antioxidant therapy costs less than $2,000, as compared to more than 

$300,000 a year for liver transplant surgery. The author concluded that the conservative triple anti-

oxidant treatment approach should be considered prior to liver transplant surgery evaluation, or dur-

ing the transplant evaluation process. If there is a signifi cant improvement in the patient’s condition, 

liver transplant surgery may be avoided [20]. Because alpha-lipoic acid increases the liver cells’ 

ability to make glutathione, it has been used to treat other forms of hepatitis [21, 22]. 

VI. STEATOHEPATITIS

More than 20% of Americans have nonalcoholic fatty liver disease (NAFLD), and it is the leading 

cause of abnormal liver enzymes in the United States. Nonalcoholic steatohepatitis (NASH), a more 

serious form of NAFLD, can proceed to cirrhosis and even hepatocellular carcinoma. These liver 

diseases represent the hepatic component of the metabolic syndrome, and this spectrum of liver 

disease represents a major health problem both in the United States and worldwide, with NASH 

projected to be the leading reason for liver transplantation in the near future. 

Unfortunately, from a strictly clinical medicine perspective, NASH is a disease in search of an 

effective therapy. Most of the current regimens have been tested in open label, uncontrolled tri-

als that have been carried out over a relatively short period of time and most of these studies did 

not adhere to a strict histologic endpoint [23]. None have been convincingly effective. However, 

understanding how liver disease at the tissue level is the result of aberrant molecular and cellular 

processes that began generally years beforehand presents broader possibilities for treatment inter-

ventions and is therefore a reason to diagnose disease early.

DIET AND WEIGHT REDUCTION

Hepatic steatosis is closely linked to diet. Lifestyle choices and altered genetic signaling are inter-

twined in a vicious cycle that produces abnormalities in lipid and glucose metabolism. Joseph L. 

Goldstein, M.D., Nobel laureate and professor of medicine and genetics at Southwestern School 

of Medicine, University of Texas, said that although many assume the process requires years 

of poor diet, inadequate exercise, and less than optimal lifestyle, it could be accelerated enor-

mously. He cited the 2004 documentary Super Size Me in which Morgan Spurlock monitored 

his metabolic function while consuming all his meals at a fast-food restaurant over a 30-day 

period. “Morgan Spurlock was able to develop metabolic syndrome in less than a month and it 

took him six months to reverse it.” Goldstein stated the major physiological change in Spurlock 

as well as others with metabolic syndrome is a fatty liver. “One of the most important mediators 

of metabolic function in the liver is sterol regulatory element binding protein (SREBP). A high 

glucose intake in the diet triggers the pancreas to produce increased amounts of insulin. The 

liver continues to produce glucose despite the high glucose intake. Ultimately, the downstream 

effects of sustained hyperglycemia lead to type 2 diabetes mellitus and the abnormally elevated 

SREPB-1c activity leads to increased synthesis of fatty acids and triglyceride in the liver, result-

ing in a fatty liver [24].”

Refi ned carbohydrates can increase infl ammation and triglyceride levels. A study of 74 obese 

patients undergoing bariatric surgery at Johns Hopkins was conducted by Steve Solga, M.D., and 

Anna Mae Diehl, M.D. All patients underwent a preoperative dietary evaluation using a standard-

ized 24-hour food recall. Food intake was evaluated for total calories and macronutrients and com-

pared to liver histopathology from biopsies routinely obtained during surgery. The authors found 
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there were no signifi cant associations between either total caloric intake or protein intake and either 

steatosis, fi brosis, or infl ammation. However, higher carbohydrate intake was associated with sig-

nifi cantly higher odds of infl ammation, while higher fat intake was associated with signifi cantly 

lower odds of infl ammation [25]. This contradicted previous recommendation of fat restriction and 

the increase therefore of carbohydrates. 

It has also been demonstrated that rapid weight loss may actually elevate liver enzymes. It can 

also cause spasm of the gall bladder and theoretically cause more oxidative stress by release of tox-

ins that have been stored in fat. Therefore, most experts recommend that the reduction of weight in 

obese patients with NAFLD should be gradual (< 1.6 kg per week) [26].

Sibutramine (Meridia) and orlistat (Xenical) used in weight reduction have shown improved 

results of liver function tests and decreased sonographic evidence of steatosis in NASH 

patients [27].

Bariatric surgery has also been studied in NASH. Roux-en-Y gastric bypass surgery was retro-

spectively studied in 29 patients undergoing surgery. At that time, patients had achieved a mean 

weight loss of 116.9 lb, with a signifi cant decrease in body mass index (28.9 ± 5.8 kg/m2 vs. 47.8 

± 6.6 kg/m2), relative to presurgery baseline. Mean scores revealed that liver histology other than 

portal fi brosis improved after gastric bypass. The author concluded that fi brosis or scarring may be 

permanent. “Liver function tests showed some improvement in test results after gastric bypass, but 

even at baseline the values were within the normal range,” noted Dr. R.H. Clements, emphasizing 

the role of biopsy in diagnosing NASH [28].

TOXIN AVOIDANCE

The most studied toxin that can be avoided is smoking tobacco products. Smoking has now also been 

demonstrated to increase the fi brosis and progression to cirrhosis in both chronic viral hepatitis and 

NASH. Cigarette smoking induces three major adverse effects on the liver: direct or indirect toxic 

effects, immunological effects, and oncogenic effects. Smoking yields chemical substances with 

cytotoxic potential that increase necro-infl ammation and fi brosis. In addition, smoking increases 

the production of pro-infl ammatory cytokines (IL-1, IL-6, and TNF-α) that would be involved in 

liver cell injury. Smoking affects both cell-mediated and humoral immune responses by blocking 

lymphocyte proliferation and inducing apoptosis of lymphocytes. Smoking also increases serum 

and hepatic iron, which induce oxidative stress and lipid peroxidation that lead to activation of stel-

late cells and development of fi brosis. Smoking yields oncogenic chemicals that increase the risk of 

hepatocellular carcinoma in patients with viral hepatitis and are independent of viral infection as 

well. Tobacco smoking has been associated with suppression of p53 (tumor suppressor gene). Heavy 

smoking affects the sustained virological response to interferon therapy in hepatitis C patients, 

which can be improved by repeated phlebotomy to alleviate the secondary polycythemia caused 

by it [29].

In certain underdeveloped countries, it appears likely that industrial toxins in food and water 

exposure play a role in NASH. There is increasing interest in the potential interaction of toxins and 

liver detoxifi cation and their interactions with nutrients [30].

The majority of research studies of NASH exclude any patients who consume alcohol as the 

pathology is virtually identical with steatosis, including Mallory bodies (alcoholic hyaline) in both 

entities. Alcohol consumption is considered a risk factor in NAFLD progressing to NASH [31].

SPECIFIC FOODS

Sulfur-containing cruciferous vegetables are broccoli, brussels sprouts, and caulifl ower. Sulfation 

couples toxins with a sulfur-containing compound, important in detoxifying drugs, food additives, 

environmental toxins, and toxins from gut bacteria. This is also the main pathway for detoxifying 

steroid and thyroid hormones. 
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Citrus fruits contain glucuronic acid, which provides the process of glucuronidation with toxins. 

This detoxifi cation is important because many commonly used over-the-counter medications are han-

dled through this pathway, including aspirin, as are food additives such as benzoates and menthol.

NUTRIENTS

A number of nutrients or natural occurring substances have also been tried for NASH. These 

have included betaine, ursodeoxycholic acid, vitamin E, N-acetylcysteine, S-adenosylmethionine 

(SAMe), phosphatidylcholine, silymarin (milk thistle), probiotics, carnitine, and glutathione.

Betaine
Betaine is N-trimethylglycine, a methyl donor initially found in sugar beets, and has been used 

in a number of clinical trials along with folate and vitamin B12 to reduce homocysteine, a toxic 

amino acid implicated in cardiovascular and neurodegenerative disease. A small clinical trial con-

ducted at the Mayo Clinic and published in the American Journal of Gastroenterology in 2001 

demonstrated that betaine, a naturally occurring metabolite of choline which had been shown 

to raise S-adenosylmethionine (SAMe) levels, may decrease hepatic steatosis. Ten adult patients 

with NASH were enrolled and received betaine in two daily doses for 12 months. A signifi cant 

improvement in serum levels of AST (p = 0.002) and ALT (p = 0.007) occurred during treatment. 

Aminotransferase normalized in three of seven patients that completed the year-long trial. Similarly, 

a marked improvement in the degree of steatosis, necroinfl ammatory grade, and stage of fi brosis 

was also noted at one year [32].

The effect of betaine on steatohepatitis has been elucidated. In this study, the effects of betaine 

on fat accumulation in the liver induced by high-sucrose diet and mechanisms by which betaine 

could attenuate or prevent hepatic steatosis was examined. Male C57BL/6 mice were divided 

into four groups (eight mice per group) and started on one of four treatments: standard diet (SD), 

SD + betaine, high-sucrose diet (HS), and HS + betaine. Betaine was supplemented in the drink-

ing water at a concentration of 1% (anhydrous). Long-term feeding of high-sucrose diet to mice 

caused signifi cant hepatic steatosis accompanied by markedly increased lipogenic activity. Betaine 

signifi cantly attenuated hepatic steatosis in this animal model, and this change was associated with 

increased activation of hepatic AMP-activated protein kinase (AMPK) and attenuated lipogenic 

capability (enzyme activities and gene expression) in the liver [33]. 

Ursodeoxycholic Acid
Ursodeoxycholic acid, a bile salt that has been approved by the FDA for primary biliary cirrhosis 

(PBC), is marketed as URSO ForteTM and URSO 250. URSO has in more than 10 years of clinical 

studies proven its effectiveness and safety to delay the progression of PBC, normalize liver function 

tests, and decrease the incidence of esophageal varices by 60%. 

In pilot studies it was found by itself not to be effective in NASH, and therefore was used in 

combination with antioxidants and other agents. 

Patients with elevated aminotransferase levels with biopsy-proven NASH were randomly assigned 

to receive UDCA 12 to 15 mg/kg a day with vitamin E 400 IU twice a day (UDCA/Vit E), UDCA 

with placebo (UDCA/P), or placebo/placebo (P/P). After 2 years, they underwent a second liver 

biopsy. Forty-eight patients were included, 15 in the UDCA/Vit E group, 18 in the UDCA/P group, 

and 15 in the P/P group; 8 patients dropped out, none because of side effects. Baseline parameters 

were not signifi cantly different between the three groups. BMI remained unchanged during the 

study. AST and ALT levels diminished signifi cantly in the UDCA/Vit E group. Neither the AST nor 

the ALT levels improved in the P/P group and only the ALT levels improved in the UDCA/P group. 

Histologically, the activity index was unchanged at the end of the study in the P/P and UDCA/P 

groups, but it was signifi cantly better in the UDCA/Vit E group, mostly as a result of regression 

of steatosis. The authors concluded that 2 years of treatment with UDCA in combination with 
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vitamin E improved laboratory values and hepatic steatosis of patients with NASH. Larger trials are 

warranted [33].

Ursodeoxycholic acid and previously chenodeoxycholic acid have been used in gallstone disease 

for about two decades. The standard treatment is laparoscopic cholecystectomy, making gallstone 

disease the second most costly digestive disorder in most Western countries. Despite a rapid conva-

lescence, the procedure is not devoid of morbidity or even mortality, with bile duct injury occurring 

in 0.1% to 0.5% of cases in even the most experienced hands. Moreover, postoperatively some 20% 

of patients continue to suffer from pain (the main indication for treatment). In patients with mild 

symptoms, surgical treatment has been associated with a higher morbidity than the natural course 

of the disease. Medical dissolution therapy with bile acids is an alternative for patients with mild-

to-moderate symptoms due to cholesterol gallstones. Chenodeoxycholic acid (CDCA, chenodiol) 

has now been largely replaced by the safer and more effi cient ursodeoxycholic acid (UDCA) mar-

keted as Actigall and Urso. The main drawbacks of UDCA treatment are its low effi cacy (approxi-

mately 40%), slowness in action, and the possibility of stone recurrence. However, this treatment is 

extremely safe, and the effi cacy and slowness can be somewhat improved by better patient selection. 

According to the author, patient symptoms may respond to this therapy even without complete stone 

dissolution [34].

N-acetylcysteine 
N-acetylcysteine has been used to increase glutathione in the liver, which is one of the detoxifying 

enzymes used for liver conjugation of toxins. Its use in NASH follows this logic that abnormalities 

in liver detoxifi cation may be in part important in pathogenesis of fatty liver and transaminasemia. 

N-acetylcysteine (NAC) was studied in a model of NASH in a research project with male Sprague-

Dawley rats with three groups of diets. Group 1 (control, n = 8) was free accessed to regular dry 

rat chow (RC) for 6 wk. Group 2 (NASH, n = 8) was fed with 100% fat diet for 6 wk. Group 3 

(NASH+NAC (20), n = 9) was fed with 100% fat diet plus 20 mg/kg per day of NAC orally for 

6 wk. All rats were sacrifi ced to collect blood and liver samples at the end of the study. Researchers 

found the levels of total glutathione (GSH) and hepatic malondialdehyde (MDA) were increased 

signifi cantly in the NASH group as compared with the control group (P < 0.05). Livers from group 

2 showed moderate to severe macrovesicular steatosis, hepatocyte ballooning, and necroinfl amma-

tion. NAC treatment improved the level of GSH (P < 0.05), and led to a decrease in fat deposition 

and necroinfl ammation. The authors concluded that NAC treatment could attenuate oxidative stress 

and improve liver histology in rats with NASH [35]. 

S-adenosylmethionine 
In another model, rats were fed a methionine-choline defi cient (MCD) diet and given 

S-adenosylmethionine (SAMe), or 2(RS)-n-propylthiazolidine-4(R)-carboxylic acid (PTCA), two 

agents that stimulate glutathione (GSH) biosynthesis on the development of experimental steato-

hepatitis. These two agents suppressed abnormal enzyme activities in the treated rats whereas the 

control rats developed elevated transaminasemia. MCD rats developed severe liver pathology mani-

fested by fatty degeneration, infl ammation, and necrosis, which signifi cantly improved with therapy. 

Blood levels of GSH were signifi cantly depleted in MCD rats but normalized in the treated groups. 

The researchers found a signifi cant up-regulation of genes involved in tissue remodeling and fi brosis 

(matrix metalloproteinases, collagen-alpha1), suppression of cytokines signaling, and the infl am-

matory cytokines in the livers of rats fed MCD. The authors concluded that GSH-enhancing thera-

pies signifi cantly attenuated the expression of deleterious proinfl ammatory and fi brogenic genes in 

this dietary model [36].

Phosphatidylcholine 
Phosphatidylcholine (PC), an essential fatty acid found in cell walls, was demonstrated to be 

reduced in a mouse model of starvation-induced hepatic steatosis. After 24 hours of fasting it 
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appears that starvation reduced the phospholipids (PL). Phosphatidylcholine was used in another 

animal model of NASH. Rats were fed orotic acid (OA) containing triglyceride (TG) or PC (20% 

of dietary lipid, PC + OA group) for 10 days. Rats fed the TG diet without OA supplementa-

tion served as the control group. Administering OA signifi cantly increased the weights and TG 

accumulation in livers of the TG + OA group compared with the control group. The researchers 

found that the PC + OA group did not show TG accumulation and OA-induced increases of these 

enzyme activities, and a signifi cant increase in the activity of carnitine palmityl transferase, a 

rate-limiting enzyme of fatty acid beta-oxidation, was found in the PC + OA group. They con-

cluded that dietary PC appears to alleviate the OA-induced hepatic steatosis and hepatomegaly, 

mainly through the attenuation of hepatic TG synthesis and enhancement of fatty acid beta-

oxidation in Sprague-Dawley rats [37].

Silymarin
Silymarin or milk thistle has been used in a number of clinical trials of NASH. Silybin is the main 

component of silymarin that is absorbed when linked with a phytosome. This substance reduces 

in rats the lipid-peroxidation and the activation of hepatic stellate cells. In humans, some noncon-

trolled studies show that silybin is able to reduce insulin resistance, liver steatosis, and plasma 

markers of liver fi brosis [38]. 

Silybin in combination with vitamin E and phospholipids to improve its antioxidant activity 

was used in the following study. Eighty-fi ve patients were divided into two groups: those affected 

by NAFLD (group A) and those with HCV-related chronic hepatitis associated with NAFLD 

(group B). After treatment, group A showed a signifi cant reduction in ultrasonographic scores 

for liver steatosis. Liver enzyme levels, hyperinsulinemia, and indexes of liver fi brosis showed 

an improvement in treated individuals. A signifi cant correlation among indexes of fi brosis, BMI, 

insulinemia, plasma levels of cytokines, degree of steatosis, and gamma-glutamyl transpeptidase 

was observed. The author’s data suggest that silybin conjugated with vitamin E and phospholip-

ids could be used as a complementary approach to the treatment of patients with chronic liver 

damage [39].

Probiotics
Benefi cial bacteria have been demonstrated to have protective effects exerted directly by specifi c 

bacterial species, control of epithelial cell proliferation and differentiation, production of essen-

tial mucosal nutrients, such as SCFAs and amino acids, prevention of overgrowth of pathogenic 

organisms, and stimulation of intestinal immunity. Oral probiotics are living microorganisms 

that upon ingestion in specifi c numbers exert health benefi ts beyond those of inherent basic 

nutrition [40]. The accumulation of fat in hepatocytes with a necroinfl ammatory component—

steatohepatitis—that may or may not have associated fi brosis is becoming a frequent lesion, as 

discussed earlier. Probiotics have therefore attracted attention for their inclusion in the thera-

peutics for NASH after being used in infl ammatory bowel disease and irritable bowel syndrome. 

Although steatohepatitis is currently recognized to be a leading cause of cryptogenic cirrhosis, 

the pathogenesis has not been fully elucidated. Among the various factors implicated, intestinal 

bacterial overgrowth may play a role. In fact, various rat models of intestinal bacterial over-

growth have been associated with liver lesions similar to NASH, and bacterial overgrowth has 

been observed signifi cantly more often in patients with NASH compared with control subjects. 

The authors discuss the relationship among intestinal bacterial overgrowth, steatohepatitis devel-

opment, and probiotic treatment [41].

Carnitine
The lipid-lowering effect of carnitine and its precursors, lysine and methionine, were studied in 

an animal model of alcoholic steatosis where Sprague-Dawley rats were fed ethanol as 36% of 

total calories. The ethanol caused hepatic steatosis. Supplementation of the ethanol diet with 1% 
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DL carnitine, 0.5% L-lysine, and 0.2% L-methionine signifi cantly lowered ethanol-induced lipid 

fractions. It was concluded that dietary carnitine more effectively prevented alcohol-induced hyper-

lipidemia and accumulation of fat in livers. A defi ciency of functional carnitine may indeed exist in 

chronic alcoholic cases [42]. A defi ciency in nutrients such as carnitine, choline, and other amino 

acids may result from total parental nutrition (TPN) due to formulation, poor delivery, and deg-

radation of TPN. Carnitine defi ciency has been documented on long-term TPN resulting in fatty 

liver. Mobilization of long-chain fatty acids into the mitochondria cannot occur without fatty acid 

shuttling, resulting with an increase in free fatty acids and the development of hepatic steatosis. 

However, human studies with carnitine supplementation have failed to confi rm previously men-

tioned effects on fatty liver [43] [44]. In an experimental model of insulin resistance using fructose-

fed rats, L-carnitine reduced skeletal muscle lipid, including triglycerides, and reduced oxidative 

stress [45].

Glutathione
Glutathione in the form of glutathione-sulfate transferase (GSH) helps to process a large number of 

xenobiotics. The availability of GSH depends upon the suffi cient amounts of its amino acid precur-

sors (cysteine, glycine and glutamic acid). Magnesium is an essential cofactor in GSH synthesis 

and B vitamins for methionine recycling and reducing agent. S-adenosylmethionine (SAMe) is a 

methyl donor and precursor of GSH. Low SAMe levels have been seen in experimental liver injury, 

and impaired methylation is associated with elevated homocysteine, vitamins B2, B6, B12, folic 

acid, and serine. B6 and magnesium support amino acid coupling, which is another process in 

which nutrients combine with drug toxins and detoxify them [46]. Hyperhomocysteinemia causes 

steatosis and the methylenetetrahydrofolate reductase (MTHFR) gene polymorphism (A1298) has 

been described in 57 well-diagnosed NASH patients and thus is a risk factor for this disease [47]. 

Vitamins B6, B12, folic acid, and a methyl donor all exist at critical biochemical interactions in the 

methionine cycle between SAMe and high levels of homocysteine, signaling a breakdown of this 

vital process [48]. 

VII. POSTCHOLECYSTECTOMY SYNDROME

The history of medical therapy for gallstone disease as a major alternative to surgery was rather 

short and confi ned to the 1970s and 1980s before the development of laparoscopic cholecystectomy. 

The discovery that long-term therapy with ursodiol or chenodiol bile salts could slowly dissolve cho-

lesterol gallstones or the impact of stone dissolution via extracorporeal shockwave lithotripsy was 

the impetus for nonsurgical treatment of gallstone disease. Additionally there was the development 

of methyl tert-butyl ether that is instilled via percutaneous transhepatic catheter or endoscopic route, 

dissolving the stones rapidly without major side effects. However, after laparoscopic cholecystec-

tomy was perfected and the problem resolved with intraductal stones that were initially missed, 

the enthusiasm for nonsurgical therapy rapidly diminished to a therapy only considered when the 

patient is not a candidate for surgery or steadily refuses surgery [49].

After the gallbladder is removed, a number of patients (10% to 15%) complain of symptoms. These 

symptoms can represent either the continuation of symptoms thought to be caused by the gallbladder 

or the development of new symptoms normally attributed to the gallbladder. Postcholecystectomy 

syndrome (PCS) also includes the development of symptoms caused by removal of the gallbladder 

with diarrhea or even abdominal pain following cholecystectomy. This is termed the postcholecys-

tectomy syndrome and is often limited to 6 months postcholecystectomy. Bile is thought to be the 

cause of PCS in patients with mild gastroduodenal symptoms or diarrhea. Removal of the reservoir 

function of the gallbladder alters bile fl ow and the enterohepatic circulation of bile by dumping bile 

into the small intestine after a meal. 
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One investigator found gastritis to be more frequent postoperatively (30% vs. 50%). Preoperatively, 

no cases of peptic ulcer disease (PUD) occurred, but three cases developed postoperatively in this 

study. It was also shown that fasting gastric bile acid concentration increased after cholecystectomy, 

and the increase was greater in patients with PCS [50]. 

Choline supplementation has been recommended by some for postcholecystectomy patients. 

Consider the following research article: In patients with sustained PCS, the content of the basic 

bile components (cholesterol, cholic acid, and total phosphorus) was measured. The cholate-cho-

lesterol coeffi cient, which to a degree helps evaluate the lithogenic state of the bile, was calculated. 

The cholesterol concentration in the serum and bile was contrasted. A total of 104 patients were 

examined at different postoperative periods and it was found that in 70% of them the bile was not 

oversaturated with cholesterol. Two varients of the diet, differing in the ratio of fat and carbohy-

drate, were used. Under the effect of the fat-sparing, a reduced serum cholesterol concentration was 

noted along with a rise of the cholic acid content in the bile with a rise of the cholesterol level that 

led to an increase of the cholate-cholesterol coeffi cient. Against the background of the fat-sparing 

diet treatment, there was a diminution of the serum cholesterol content, and in the cholesterol and 

cholic acid concentration in the bile with a high cholate-cholesterol coeffi cient. The authors suggest 

choline supplementation may be helpful [51].

In a short-term follow-up study on nine female patients the researchers found no alterations 

in cholic acid (CA) or deoxycholic acid (DCA) pools after cholecystectomy. However, in the long 

term (greater than 6 months), cholecystectomy could promote changes of the intestinal bacterial 

fl ora and thereby lead to enhanced conversion of CA to DCA, causing an expansion of the DCA 

pool size and a reduction of the CA pool size. To test this hypothesis, pool sizes, fractional turn-

over rates (FTR), and synthesis or input rates of CA, chenodeoxycholic acid (CDCA) and DCA 

were determined in 12 female patients before and again 5 to 8 years after cholecystectomy. In the 

long term, pool size and synthesis rate of CA had not changed and DCA pool size had expanded 

by only 7.5% (not signifi cant [NS]). DCA input increased by 32% (NS) but was balanced by an 

increase in FTR of 36%. In conclusion, cholecystectomy causes no changes in bile acid pool 

composition after 6 months and thus has no adverse effects on bile acid metabolism in the long 

term [52].

VIII. SUMMARY

Patients in my practice have established illnesses. This generally means that the nutrients 

involved in liver detoxifi cation are in high demand, perhaps more than patients could easily 

obtain by select foods and diet alone. For this reason I have expanded on my dietary, food, and 

lifestyle interventions to optimize the nutrients needed for liver detoxifi cation. In my gastroen-

terology and nutritional practice I presently have many patients on nutrient powders that can be 

consumed as foods or beverages at usually 2 scoops daily [10]. Table 12.1 provides details for 

clinical use. 

In addition, viral hepatitis patients nutritionally are advised to reduce saturated fats in their 

diets and cease any alcohol ingestion. They are also encouraged to use one of the above-mentioned 

medical food liver detoxifi cation products, and in many cases to add silymarin, standardized extract 

300 mg twice daily. A trial at the NIH is now undergoing in patients with hepatitis C with sily-

marin at this concentration. If my patients decline medications or are not a candidate for them, 

then I strongly encourage them to follow the Berkson protocol of alpha-lipoic acid, selenium, and 

silymarin.

In addition to nutrient powders, I advise NAFLD patients to lose weight, to exercise with weight 

resistance training, and to do daily liver detoxifi cation with one of the above-mentioned medi-

cal food detoxifi cation products. NASH patients are advised the same plus silymarin standardized 

extract of silybin 300 mg twice daily. If no transaminases reduction is seen, then medical therapy 

with metformin is started before trying any other additional nutritional therapy.
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Postcholecystectomy patients are usually treated for IBS with probiotics. I have not used choline, 

but may suggest this in the future after doing the research on the topic.
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13 Irritable Bowel Syndrome

Linda A. Lee, M.D., and Octavia Pickett-Blakely, M.D.

I. INTRODUCTION 

Irritable bowel syndrome (IBS) is a complex, chronic disorder characterized by abdominal pain or 

discomfort and altered bowel habits. IBS is symptom defi ned and is thought to arise from a pertur-

bance in the brain-gut axis. The diagnosis of IBS, which is classifi ed as a functional gastrointestinal 

(GI) disorder, rests on fulfi llment of the Rome III criteria established by a multinational consen-

sus group and is not associated with anatomical abnormalities. The diagnosis requires recurrent 

abdominal pain or discomfort of at least 6 months duration relieved by defecation and associated 

with changes in stool consistency or frequency (Table 13.1). Often patients are subgrouped into 

different categories based on their primary symptoms: constipation predominant (IBS-C), diarrhea 

predominant (IBS-D), or mixed. IBS-C is distinct from functional constipation, which is defi ned by 

its unique set of Rome III criteria. The diagnosis of IBS is further supported by the age of symptom 

onset, which typically is prior to the fi fth decade of life, the lack of nocturnal symptoms, and the 

absence of weight loss or rectal bleeding. IBS is characterized by the absence of clinically measur-

able diagnostic tests. Therapy for IBS is thus directed toward addressing individual dietary patterns, 

food and nutrient intake, psychological factors, and comorbidities. 

II. EPIDEMIOLOGY 

IBS is the most commonly diagnosed GI condition with an estimated U.S. prevalence of 10% to 

15% [1]. Symptoms of IBS frequently lead to offi ce visits with primary care physicians and special-

ists. In 2002, over 2 million clinic visits were made for IBS [2]. Symptoms can be mild or severe, 

and can fl uctuate in frequency and intensity. Studies have repeatedly demonstrated that functional 

GI disorders perturb quality of life more signifi cantly than organic GI disorders and other chronic 

diseases such as rheumatoid arthritis [3, 4]. 

IBS occurs worldwide, but is less prevalent in Asia compared to the United States [5]. Women 

are affected three times more often than men. In the United States, Caucasians are 2.5 times more 

likely than African Americans to have IBS [6]. However, IBS has the same impact on health-related 

quality of life across ethnic groups [6, 7]. The impact of socioeconomic status on IBS prevalence is 

less clearly defi ned. Some studies associate IBS with affl uence while others implicate poverty as a 

risk factor [8–11]. 

The economic impact of IBS is astonishing. IBS-related costs rose to $1.35 billion in the United 

States in 2003 [12–14]. The predicted costs are likely an underestimation because expenditures for 

prescription or over-the-counter medications were not included. Quality of life and work productiv-

ity are also adversely impacted by IBS symptoms. Consequently, IBS continues to be the second 

most common reason for work absenteeism [15]. For example, a survey of over 5,000 persons from 

U.S. households found that IBS patients missed an average of 13.4 days per year from work or 

school due to illness, whereas the average subject without a GI disorder missed only 4.9 days [16].
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Risk factors for IBS may include environmental as well as genetic ones. A family aggrega-

tion study, which surveyed relatives of individuals with IBS, demonstrated a prevalence of 17% 

in patients’ relatives versus 7% in spouses’ relatives [17]. Other studies have also shown a famil-

ial aggregation of IBS, but this could be complicated by environmental factors, such as sharing 

acquired responses to abdominal symptoms or as some investigators believe, nutrition in fetal life 

[18]. Studies of twins are confl icting, with some demonstrating concordance of IBS twice as great 

in monozygotic compared to dizygotic twins [19, 20].

III. PATHOPHYSIOLOGY 

The pathophysiology of IBS is complex and still poorly understood. However, visceral hypersensi-

tivity, disordered cortical pain processing, small bowel bacterial overgrowth, and increased intesti-

nal permeability have been implicated and will be discussed below. 

VISCERAL HYPERSENSITIVITY

Visceral hypersensitivity is defi ned as having a low threshold to painful stimuli arising from the 

GI tract. In research settings, this has traditionally been assessed by measuring the pain response 

to infl ation of a balloon within the digestive tract. IBS patients tend to experience more pain com-

pared to controls for a given volume infl ated. This was fi rst documented in 1973 when infl ation of 

a sigmoid balloon to 60 mL caused pain in 6% of controls but in 55% of patients with IBS [21]. 

Luminal distention, triggered postprandially and exacerbated by gas-producing foods, may lead to 

the enhanced perception of bloating and abdominal pain in those with IBS. 

Increased pain perception could be mediated at the level of extrinsic gut afferent nerves 

responsible for sensory perception as well as by cortical processing that affects pain inhibition. 

Visceral hypersensitivity is thought to arise from a disruption in normal serotonin (also known as 

5- hydroxytriptamine or 5HT) signaling. Ninety-fi ve percent of the serotonin in the human body 

is found in the GI tract, mostly produced by enterochromaffi n cells in the GI epithelium [22]. 

Enterochromaffi n cells act as sensory transducers that release 5HT after meals. 5HT binds 5HT4 

receptors present on visceral motor afferent nerves, which control GI refl exes that govern intes-

tinal motility and secretion. 5HT also regulates visceral sensation by binding 5HT3 receptors 

present on extrinsic gut afferent neurons, responsible for transmitting sensory signals from gut 

to cortical regions [22]. The amount of 5HT that is functionally active at any one time is deter-

mined by the rate of production by enterochromaffi n cells and the rate of reuptake into mucosal 

enterocytes via serotonin reuptake transporters (SERT), where it is then catabolized. It has been 

postulated that defects in 5HT production, SERT reuptake, or metabolism can affect the pool of 

5HT available and lead to alterations in visceral motility, secretion, and sensation. Increased 5HT 

bioavailability has been implicated in IBS-D, whereas reduced 5HT bioavailability is associated 

with IBS-C [23, 24].

TABLE 13.1
Rome III Criteria for Irritable Bowel Syndrome
At least 3 months, with onset at least 6 months previously of recurrent abdominal pain or 

discomfort* associated with two or more of the following: 

Improvement with defecation; • and/or
Onset associated with a change in frequency of stool; • and/or
Onset associated with a change in form (appearance) of stool • 

*Discomfort means an uncomfortable sensation not described as pain.
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Data supporting a critical role of intestinal serotonin signaling in the pathogenesis of IBS have 

emerged from both animal and human studies. Postprandial plasma 5HT levels are lower in indi-

viduals with IBS-C and higher in IBS-D patients compared to controls [23, 24]. A transgenic, SERT 

gene knockout mouse demonstrates increased rectal transit time resulting in wetter stools [25]. 

A recent study of IBS-D and IBS-C patients revealed no differences in expression of SERT in 

colonic mucosa. Instead, expression of p11, a molecule that increases serotonergic receptor function 

(5HT1B), was increased in IBS [26]. Identifi cation of additional factors regulating 5HT signaling 

may lead to the development of novel therapeutic agents. 

Studies on post-infectious IBS (PI-IBS) also support the role of serotonin in IBS. Up to 17% 

of individuals with IBS report the fi rst onset of IBS symptoms following a bout of infectious coli-

tis [27]. Predictors of developing PI-IBS include female gender, prolonged diarrhea (greater than 

15 days), psychological factors, and severity of initial illness [28]. PI-IBS has been reported follow-

ing outbreaks of giardiasis [29], salmonellosis [28], shigellosis [30–32], and Campylobacter jejuni 
infection [33]. In a rodent model of 2,4,6-trinitrobenzene sulfonic acid (TNBS) induced colitis, 5HT 

gut mucosal content, the number of 5HT-immunoreactive cells, and the proportion of epithelial cells 

that were 5HT-immunoreactive was two-fold higher than in control animals [34]. Increased levels 

of enterochromaffi n cells and 5HT levels have been identifi ed in the rectal mucosa of individuals 

suffering from PI-IBS [27, 33]. 

In addition to abnormalities in serotonin processing and function, alterations in central process-

ing of pain signaling have now been demonstrated using positron emission tomography (PET) and 

cortical functional magnetic resonance imaging (fMRI). Cortical fMRI indirectly measures cogni-

tive activity and neuronal activation by assessing changes in oxyhemoglobin that occur as a result 

of fl uctuations in cerebral blood fl ow [35]. fMRI has demonstrated that a painful rectal stimulus 

activates the anterior cingulate cortex (ACC), the central nervous system pain center, to a greater 

degree in IBS patients than controls [36]. A concern raised about interpretation of IBS fMRI studies 

is that anticipation of pain and somatization may contribute to the patterns of neuronal activation 

seen, so that alterations in cognitive response rather than visceral hypersensitivity may contribute to 

the difference in fMRI results [37, 38].

SMALL INTESTINAL BACTERIAL OVERGROWTH

Most studies have demonstrated about 10% of IBS patients have small intestinal bacterial over-

growth (SIBO). Antibiotic therapy may improve IBS symptoms in a subset of IBS patients with 

SIBO [39, 40]. Although the mechanism of SIBO development is not entirely clear, SIBO can cause 

symptoms of bloating, cramping, and diarrhea, which in the setting of visceral hyperalgesia can 

lead to signifi cant distress. These symptoms arise from malabsorption of ingested fat, protein, car-

bohydrates, and vitamins as a result of bacterial utilization of these macro- and micronutrients. 

Impaired intestinal motility or diminished gastric acid secretion is a risk factor for the development 

of SIBO. Pimentel et al. demonstrated that patients with IBS and SIBO have reduced phase III of 

the migrating motor complex, the component of fasting gut motility responsible for clearing the 

small intestinal lumen of contents from the last meal [41]. These data implicate impaired motility 

as a possible etiology of SIBO, and thus, IBS symptoms in some patients. Furthermore, treatment 

of IBS symptoms with antibiotics and/or probiotics in an effort to restore the equilibrium of enteric 

fl ora has yielded promising results [39, 42, 43]. 

INCREASED INTESTINAL PERMEABILITY

Post-infectious IBS (PI-IBS) may result from an increase in intestinal permeability as a result of 

infl ammation triggered by infection. Intestinal permeability is detected noninvasively by measur-

ing urinary excretion of orally consumed probe molecules, such as mannitol and lactulose [44, 

45]. Increased intestinal permeability is more frequently encountered among patients with IBS-D 
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and PI-IBS, particularly in those with a history of atopy [46]. Although IBS has been classifi ed as 

a functional disorder not typically associated with anatomic defects, an infl ammatory component 

among those with PI-IBS or IBS-D has been reported. An increased number of activated T lym-

phocytes and mast cells have been noted in the colonic [47] and jejunal mucosa [48] of patients 

with IBS-D, and the presence of these mast cells near enteric nerves may account for visceral pain 

or sensitivity. Increased intestinal permeability may also be related to elevated proinfl ammatory 

cytokine production noted in peripheral blood monocytes of IBS-D patients [49].

IV. PHARMACOLOGY 

A paucity of therapies exists with documented effi cacy in the treatment of IBS. Interpretation of 

effi cacy in clinical trials is hampered by the large placebo effect among IBS patients [50]. Some 

commonly used therapies are directed toward symptom management of abdominal cramping, con-

stipation, diarrhea, and/or bloating. Others specifi cally target serotonin metabolism, which is now 

thought to be responsible for visceral hyperalgesia or cortical pain processing. Given the broad 

range in symptom severity and frequency, treatment of IBS must be individualized. 

CONSTIPATION 

A fi rst-line therapy for both functional constipation and IBS-C is a high-fi ber diet, although this 

strategy may backfi re in those with IBS-C. Increasing fi ber intake to 25 to 30 g/day is thought to 

increase GI transit, although data in this area are confl icting. A typical serving of a given fruit 

or vegetable may contain anywhere from 2 to 5 grams of fi ber. Fiber is also available as a dietary 

supplement in both soluble and insoluble forms. Soluble fi ber such as psyllium and partially 

hydrolyzed guar gum derived from plants is extensively fermented by colonic bacteria, leading 

to the production of substantial amounts of gas and volatile fatty acids. As a consequence, stool 

content is heavy in bacterial mass and low in fi ber residue. Conversely, insoluble fi ber, such as 

wheat bran or whole-wheat grains, is minimally metabolized by colonic fl ora, and thus produces 

less gas. However, in an IBS-C patient with visceral hypersensitivity, even minimal amounts of 

gas accumulation in the setting of altered motility may be perceived as signifi cant abdominal 

cramping and bloating. Some IBS-C patients cannot tolerate excessive amounts of fi ber in the 

diet, and in fact, report improvement with respect to bloating and gassiness when consuming 

less fi ber. Despite bulking agents being widely prescribed, a recent meta-analysis found that they 

were no better than placebo in improving IBS symptoms [51]. Little data exist as to the effi cacy 

of other laxatives in the treatment of IBS-C. Lubiprostone, a locally acting chloride channel 

activator currently FDA approved for the treatment of constipation, is now being investigated 

for use in IBS-C [52]. 

Tegaserod is a 5HT4 receptor agonist that was shown in clinical trials to be more effec-

tive than placebo in improving IBS symptoms in women with predominantly constipation [53]. 

Tegaserod stimulated intestinal and colonic transit and reduced abdominal discomfort while 

improving constipation. Its manufacturer withdrew Tegaserod from the U.S. market in 2007 

because of safety concerns. Renzapride is a 5HT4 receptor full agonist/5HT3 receptor antago-

nist currently being investigated for effi cacy in the treatment of constipation predominant IBS. 

Despite being shown to accelerate colonic transit in an early trial [54], in a more recent phase 

II clinical trial, no signifi cant difference in relief from abdominal pain occurred between ren-

zapride and placebo [55]. 

Increased recognition that IBS may arise from perturbances in serotonin metabolism have 

spurred anecdotal use of 5-hydroxytryptophan (5-HTP), the precursor to serotonin. 5-HTP is 

often used with vitamin B6, which is a cofactor needed for conversion of 5-HTP to 5HT. Although 

5-HTP may be useful in the treatment of depression [56], there are no published clinical trials in the 

medical literature regarding its effi cacy in IBS. 
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ABDOMINAL CRAMPING

Anticholinergic agents, such as dicyclomine or hyoscyamine, are often prescribed to reduce smooth 

muscle spasm, although well-designed clinical trials that have proven their effi cacy in reducing 

global IBS symptoms are lacking [57]. Nevertheless, some patients report symptomatic improve-

ment when taking them before triggering events or before ingestion of meals. In addition to its use 

in foods and fragrances, peppermint oil extract derived from the peppermint leaf has long been 

thought to have medicinal properties. Particular to the GI tract, it has been shown to result in smooth 

muscle relaxation, possibly via a calcium channel antagonist mechanism [58]. The effect of pep-

permint oil on GI motility has not been completely elucidated. There are data showing decreased 

small intestinal transit time as well as increased gastric emptying time [58]. Colonic spasm relief 

has also been demonstrated with peppermint oil [59]. The literature is sparse, however, on clinical 

trials examining the effect of peppermint oil on IBS symptoms. A small study in the pediatric litera-

ture showed dramatic symptom improvement after a 14-day trial of peppermint oil [60]. However, 

moderate symptom improvement was observed in the placebo group to a greater extent than the 

treatment group. A large placebo effect hampers the interpretation of data in many IBS clinical tri-

als. In the adult population peppermint oil was effective in improving overall IBS scores in another 

trial [61]. Side effects reported in clinical trials with peppermint oil are heartburn and anal/perianal 

burning [62]. Heartburn may be reduced if an enteric-coated preparation is used [60]. 

DIARRHEA

Anti-motility agents are often used in those patients with diarrhea-predominant IBS. Loperamide 

can be a helpful adjunct by reducing peristalsis and intestinal secretion and delaying GI transit, 

allowing increased colonic water absorption. Alosetron, a 5HT3 receptor antagonist, has been 

shown to improve symptoms of IBS-D [63, 64]. Alosetron decreases stool frequency and abdomi-

nal discomfort. Reports of ischemic colitis and severe constipation requiring bowel resection have 

led to its availability only on a restricted basis. Among IBS patients, specifi c polymorphisms have 

been identifi ed more frequently in the serotonin transporter gene SLC6A4, whose gene product is 

responsible for reuptake of serotonin from the synaptic cleft. Some polymorphisms are associated 

with increased colonic transit time in response to alosetron [65]. The SERT deletion/deletion pro-

moter polymorphism is more common among those with diarrhea-predominant IBS in Koreans [66] 

and Caucasians [67], suggesting the possibility of identifying individuals who might respond more 

readily to pharmacologic agents that modify serotonin signaling. Newer agents that work via 5HT3 

are under investigation.

ABDOMINAL PAIN AND BLOATING

Because visceral hypersensitivity is central to IBS pathophysiology, there is increased interest in the 

use of antidepressants, which may be effective in dampening visceral pain signaling and perception. 

Typically, antidepressant doses used for IBS are lower than those used for the treatment of depres-

sion. Tricyclic antidepressants may help to improve abdominal pain, but may not improve IBS [57, 

68]. A disadvantage is that some patients cannot tolerate side effects associated with some of these 

agents. In a small study of IBS patients without depression, the selective serotonin reuptake inhibi-

tor citalopram improved abdominal pain, bloating, impact of symptoms on daily life, and overall 

well-being [69]. 

As a role for mucosal infl ammation has emerged in IBS, and with increased recognition that 

intestinal microfl ora can modulate the host immune response, probiotics have been pursued as a 

possible treatment strategy for managing IBS symptoms. Probiotics consist of live microorganisms 

that are ingested to confer health benefi ts. Support for the use of probiotics comes from several ran-

domized placebo-controlled trials using highly specifi c bacterial strains in which some individual 
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symptoms of IBS, such as abdominal pain or bloating, improved after 4 or 8 weeks of therapy 

[43, 70–72]. In a randomized placebo-controlled study using B. infantis 35624 in 77 IBS patients, 

symptomatic improvement was associated with normalization of the ratio of anti-infl ammatory 

to proinfl ammatory cytokines [73], suggesting that certain bacterial strains may indeed modulate 

cytokine production. Highly specifi c bacterial strains are used in clinical trials, and a response to 

one strain does not mean that the same response will be achieved with any commercially available 

probiotic. Probiotic preparations abound and manufacturing of these compounds is not subject to 

regulation by the Food and Drug Administration, making the selection of an appropriate prepara-

tion diffi cult. 

V. COMORBID CONDITIONS

Patients with IBS are more likely to have other functional GI disorders, such as dyspepsia, which 

has some overlapping symptoms [74, 75]. Patients with IBS are likely to have comorbid disorders 

that affect a variety of organ systems, such as cystitis, pelvic pain, fi bromyalgia, and chronic fatigue 

syndrome [76, 77]. There is a high prevalence of IBS among patients with psychiatric illness [78], 

with up to 94% of IBS patients who present for medical care being affected [77]. A history of sexual 

or physical abuse can be elicited in many patients with functional GI disorders [79]. 

FOOD INTOLERANCE AND ALLERGIES

In patients with IBS, even normal physiologic responses of the GI tract to the ingestion of food may 

trigger the gastrocolonic refl ex and provoke symptoms in some individuals with visceral hypersen-

sitivity [80]. High fat content may provoke colonic motility and GI symptoms in an IBS patient. 

Caffeine also stimulates colonic motility and exacerbates IBS symptoms. 

Food intolerance is not equivalent to food allergy, which generates an immune response. Food 

allergy has an estimated prevalence up to 4% in adults and up to 8% in children [81] and is discussed 

in more detail in Chapter 15, “Food Reactivities.” The most common food allergens in U.S. adults 

are tree nuts, peanuts, shellfi sh, and fi sh, and in children, they are egg, wheat, and soybean. Food 

allergies can be mediated by immunoglobulin E, which leads to an immediate reaction, or can be 

triggered by cell-mediated mechanisms that account for delayed responses. Negative skin prick test-

ing in adults has a negative predictive value >95%, but a positive response unfortunately has only a 

positive predictive value of 30% to 40% [82], leaving food withdrawal and challenge still the most 

common way of diagnosing food allergy. Some studies have attempted to use the increased presence 

of IgG antibodies over baseline to food allergens to guide food withdrawal with some improvement 

in a subset of IBS patients [83–85]. However, tests that measure IgE or IgG antibodies to specifi c 

foods are of questionable utility, especially when IgG antibodies against various food substances are 

prevalent even among the non-IBS population [86, 87]. 

Food elimination diets still remain the primary tool for evaluating food allergy. However, inter-

pretation of elimination diet results are complicated in IBS [83–85, 88, 89]. An elimination diet that 

is devoid of wheat byproducts, milk, soy, and eggs often means shifting from a diet rich in processed 

foods to one comprised of whole foods. The elimination of processed foods could reduce food aller-

gen exposure, but also decreases the intake of poorly absorbed carbohydrates, such as fructose and 

sorbitol. Symptomatic improvement with food elimination may refl ect a response to reduced dietary 

intake of carbohydrate rather than exclusion of a food allergen.

CELIAC DISEASE

There is overlap between the symptoms of IBS and celiac disease (CD). Bloating, abdominal pain, 

and diarrhea can be seen in patients with either of these disorders. This overlap has been reported 

in the literature, with one report fi nding up to 5% of newly diagnosed IBS patients having CD, 
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while another report found 20% of patients with CD meeting Rome I criteria for IBS [90, 91]. 

Furthermore, CD serologies and HLA DQ2 positivity in IBS-D patients are predictors of gluten-

free diet responsiveness [92]. It is not entirely clear if these observations refl ect increasing diag-

nostic yield of serologic tests, increased clinical suspicion, or IBS-“type” symptoms in CD patients 

due to the enteropathy. Nonetheless, given this association, it is quite reasonable and cost effective 

to screen patients with IBS for CD in populations where the prevalence is above 1% [93]. Current 

guidelines recommend screening by serologic testing for tissue transglutaminase IgA, which has a 

specifi city greater than 95% and a sensitivity in the range of 90% to 96% [94]. 

VI. PATIENT EVALUATION

The patient history is the most important component in making the diagnosis of IBS as no physical 

exam fi ndings are diagnostic of IBS. Rather, it is the absence of signifi cant physical exam fi nd-

ings that is most consistent with IBS. A clinical presentation that fulfi lls the Rome III criteria may 

alone be diagnostic in the absence of alarm symptoms. The criteria for IBS are distinct from that of 

functional constipation, namely that the latter is not associated with abdominal pain or discomfort. 

A history of weight loss, nocturnal awakening for diarrhea or abdominal pain, anemia, or rectal 

bleeding should prompt a search for an alternative diagnosis. Similarly, if the onset of symptoms 

occurs after age 50, the diagnosis of IBS should be questioned. Screening questionnaires for IBS 

primarily exist to measure symptom severity and impact on quality of life once the diagnosis of IBS 

is made. Such questionnaires, such as the IBSQOL, are used primarily for research purposes. The 

IBS Severity Scale is the tool recommended to assess responsiveness to an intervention in clinical 

trials [95].

Serum laboratory tests in IBS typically are normal. Laboratory testing is done to help exclude the 

possibility of other underlying disorders, such as thyroid disease or celiac disease. Stool tests should 

be considered to rule out active intestinal infection in those with diarrhea. Testing for visceral 

hypersensitivity with balloon manometry and functional MRI or PET scanning are only done pri-

marily for research purposes; no role for these tests as yet has been established in clinical practice. 

In a 2002 position statement, the American College of Gastroenterology Functional Gastrointestinal 

Disorders Task Force stated that because IBS patients do not have an increased incidence of organic 

disease, “available data do not support the performance of diagnostic tests amongst patients with 

IBS” in the absence of alarm symptoms such as rectal bleeding or weight loss. 

VII. TREATMENT RECOMMENDATIONS 

After the diagnosis of IBS is made, treatment begins by obtaining a thorough dietary history, in part 

to identify symptom aggravators and especially because most patients with IBS will describe intol-

erance to specifi c foods [96]. Particular attention should be paid to medications and supplements, 

as many agents are known to precipitate or aggravate constipation or diarrhea even in those without 

IBS. Common medications and supplements that cause altered bowel habits are listed in Table 13.2. 

It is important to obtain a food diary to understand what components in the diet could be responsible 

for symptom aggravation in IBS [88]. The diet should be reviewed for dietary intake of specifi c car-

bohydrates, which could easily aggravate symptoms in an individual with visceral hypersensitivity. 

Carbohydrates that could be problematic include lactose, fructose, and the sugar alcohols. Caffeine 

intake and a high-fat diet should be monitored as both are known to stimulate colonic motility. 

LACTOSE

Lactose intolerance is a common cause of milk-related symptoms. Lactose is hydrolyzed in the 

small intestine by the enzyme lactase, expressed by the enterocytes found in intestinal villi. Lactase 

activity is highest during infancy. Down-regulation of lactase enzyme activity within the small 
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intestine is a normal occurrence in the vast majority of adults, but the rate of loss is dependent 

on race and ethnicity [97]. Because milk is pervasive in the Western diet, many individuals are 

unaware that undigested lactose is the source of their GI symptoms. Undigested lactose delivered to 

the colon increases the osmotic load, producing a more watery stool. In addition, undigested lactose 

is fermented by luminal bacteria to produce diarrhea and gas. Systemic symptoms of lactose intoler-

ance may also include headache, fatigue, and myalgias.

Lactose intolerance is measurable by lactose hydrogen breath testing and has a specifi city between 

89% and 100% and sensitivity 69% to 100% [98]. Although many IBS patients self-report lactose 

intolerance, lactose breath hydrogen testing has demonstrated no increased prevalence of lactose 

malabsorption in IBS patients compared to controls in various geographic populations [99, 100]. 

Whether adherence to a lactose-free diet improves IBS symptoms in those who are lactose intoler-

ant has been debated. Differences in response to a lactose-free diet refl ects regional prevalence of 

lactose malabsorption and dietary compliance; regions with high prevalence of lactose malabsorp-

tion report clinical improvement in response to a low-lactose diet [101–103]. This may explain why 

fermented foods, a widespread practice among traditional cultures to preserve food using the action 

of microorganisms, are widely held to be more easily digestable [104]. Foods such as yogurt or kefi r, 

fermented with lactic-acid-producing organisms, may be better tolerated in individuals with lactose 

intolerance because these bacteria hydrolyze lactose. 

FRUCTOSE

Fructose malabsorption may also aggravate IBS symptoms, particularly in combination with ingested 

sorbitol [105, 106]. Fructose is a monosaccharide absorbed by carrier-mediated facilitated diffusion, 

with an absorption capacity of about 50 g/day [107]. Fructose absorption is enhanced when ingested 

with glucose [107]. When not absorbed in the small intestine, fructose exerts an osmotic effect and 

is fermented by colonic bacteria to produce hydrogen, carbon dioxide, and  short-chain fatty acids 

TABLE 13.2
Common Causative Agents of Constipation and Diarrhea

Agent Constipation Diarrhea

Supplements Calcium Magnesium 

Iron Vitamin C

Niacin

Herbals St. John’s Wort (Hypericum perforatum) Goldenseal (Hydrastasis canadenis)

Aloe vera

Prescription Drugs Anti-cholinergics (oxybutynin) Cholinesterase inhibitors (pyridostigmine)

Opiods analgesics (morphine) Biguanides (metformin)

Calcium channel blockers (diltiazem) Calcinuerin inhibitors (tacrolimus)

Non-opiod analgesics (tramadol) Immunosuppressants (mycophenolate mofetil)

Psychotrophics (lithium) Colchicine

Antidepressants (sertraline) Stimulants (amphetamine)

Beta blockers (atenolol) Proton pump inhibitors (pantoprazole)

Stimulants (dextroamphetamine) Antibiotics (fl ouroquinolones)

Anticonvulsants (phenytoin) Laxative agents (lactulose)

Bile acid binders (cholestyramine) HAART therapy

Chemotherapy agents (fl ourouracil)

Anti-Parkinson’s (Tolcapone)

Source: [126–128].
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[108]. In a small study of normal volunteers, 50% of individuals were found to malabsorb fructose 

after ingesting only 25 g, and two-thirds malabsorbed fructose after ingesting 50 g, as measured 

by fructose hydrogen breath testing [109]. GI symptoms from fructose malabsorption may be more 

prevalent among both the normal and IBS populations when one considers fructose ingestion has 

increased more than 1000% in the United States over the past 20 years with the addition of high 

fructose corn syrup to sweeten soft drinks and fruit juices, candy, cereals, and many processed foods 

[110]. Quantities of 25 to 50 g of fructose are equivalent to >500 mL (16.91 U.S. ounces) of a high-

fructose-corn-syrup-sweetened soft drink [111]. Fructose malabsorption may not be more common 

among the IBS population [112] and does not have an etiologic role in IBS, but fructose malabsorp-

tion may indeed aggravate IBS symptoms. In a small study of IBS patients with documented fructose 

intolerance, improvement in pain, belching, bloating, fullness, indigestion, and diarrhea was reported 

in response to dietary avoidance of fructose [113]. Dietary guidelines to reduce symptoms of fruc-

tose malabsorption have been proposed and may be effective in managing patients with IBS [108]. 

At the very least, patients should read labels to eliminate soft drinks containing high fructose corn 

syrup. Fruit juice also contains signifi cant fructose and so excessive intake should be monitored.

ARTIFICIAL SWEETENERS

In an effort to reduce caloric intake, patients may resort to consuming “sugar-free” products, which 

contain sorbitol, maltitol, or xylitol. Such artifi cial sweeteners may add to bloating and diarrhea 

symptoms in patients with IBS simply because they are poorly absorbed in the small intestine and 

ultimately fermented by colonic bacteria. Thus, patients are well-advised to avoid these artifi cial 

sweeteners, which are pervasive in chewing gum and soft drinks in particular. 

Sucralose is a synthetic, non-nutritive sweetener found in a variety of foods. Although some 

GI complaints have been attributed to sucralose ingestion, it is unclear as to how it causes these 

symptoms. Most ingested sucralose is excreted intact in the feces [114], so colonic bacterial fermen-

tation cannot account for symptoms. Aspartame (N-l-α-aspartyl-phenylalanine-1-methyl ester) is 

another artifi cial sweetener that is broken down and absorbed at the small intestinal brush border 

into aspartic acid and phenylalanine dipeptide [115]. Although aspartame is not known to perturb 

GI physiology itself [116], 26% of consumer complaints involved GI side effects after ingestion of 

aspartame-sweetened foods [117]. 

VIII. OTHER THERAPIES

Recognition that IBS represents a disorder of the brain-gut axis has raised a possible role for psy-

chological therapies in the management of IBS. Cognitive behavior therapy (CBT), a form of psy-

chotherapy used to modify maladaptive thinking, has been successfully used for the treatment 

of several psychiatric disorders, such as anxiety and depression. CBT has been studied in mul-

tiple clinical trials and is now recommended as an IBS treatment option by the United Kingdom 

Department of Health [118]. Although a Cochrane review to evaluate the effi cacy of hypnotherapy 

in the treatment of IBS identifi ed few studies of suffi cient quality or size for meta-analysis [119], 

there are some studies demonstrating hypnotherapy may also help to improve abdominal pain and 

global IBS symptoms in those who have failed medical therapy [120–123]. 

Relaxation therapies have also been studied in clinical trials as adjunctive therapy to medical 

therapy with promising results [124]. Despite multiple studies showing their effi cacy, psychological 

therapies in IBS management are still underutilized.

IX. SUMMARY 

The treatment of IBS begins with the recognition that there is tremendous variability in symptom 

severity, frequency, and triggering events. Thus, successful management of IBS requires an effective 
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physician-patient relationship and an individualized biopsychosocial approach [125]. Dietary coun-

seling is essential as is attention to the role of psychological therapy in management of symptoms. 

Among the standard pharmacologic therapies currently used in the management of IBS, only alos-

etron and tegaserod have been shown to improve global IBS symptoms, but some therapies listed 

below have been shown to be helpful in improving a specifi c symptom for which they are listed. 

Some listed therapies still lack proven effi cacy in clinical trials but are often used in clinical practice 

given their low side effect profi les. 

APPROACH TO IBS

History and Physical Exam

History: Note absence of alarm symptoms (rectal bleeding, anemia, weight loss).• 

Note presence of comorbid illnesses, such as fi bromyalgia, chronic pelvic pain, cystitis, • 

chronic fatigue.

Note history of sexual or physical abuse.• 

Physical exam—normal.• 

Laboratory tests—usually normal, including thyroid function tests; serum tissue transglu-• 

taminase IgA (celiac disease screen) and stool studies.

Management
IBS-C

Dietary and medication history.• 

Increase dietary fi ber to 25 to 30 g/day, which improves stool bulk, but may worsen • 

bloating and gassiness.

Add a bulk laxative, such as insoluble or soluble fi ber, which improves stool bulk, • 

but may worsen bloating.

Increase daily water intake and physical exercise.• 

Consider an osmotic laxative (PEG 3350), although it may worsen bloating.• 

Consider lubiprostone, which is currently under investigation for IBS-C.• 

Consider a stimulant laxative, although it may worsen cramping.• 

IBS-D
Dietary history.• 

Consider lactose intolerance.• 

Consider fructose malabsorption.• 

Reduce caffeine.• 

Reduce dietary fat intake.• 

Do not skip meals.• 

Antidiarrheal agents (e.g., loperamide) to decrease stool frequency and improve consistency.• 

Anti-spasmodics taken prior to triggering events such as job stress, social events, and cer-• 

tain foods.

Alosetron improves abdominal discomfort and diarrhea.• 

Bloating, abdominal cramping/pain
Dietary recommendations.• 

Avoid carbonated beverages, chewing gum, artifi cial sweeteners, fructose consumption > • 

25 to 50 g/day, and a high-fat diet.

Consider testing for lactose intolerance with the lactose hydrogen breath test.• 

Consider testing for small intestine bacterial overgrowth with the lactulose hydrogen • 

breath test.
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If the lactulose hydrogen breath test is positive, begin a trial of antibiotic therapy • 

(e.g., rifaximin, norfl oxacin, amoxicillin-clavulinic acid).

Antispasmodics (hyoscyamine, dicyclomine, or peppermint oil) preferably taken prior to • 

triggering events or foods, up to three or four times a day.

Tricyclic antidepressants, SSRIs (selective serotonin reuptake inhibitors), or SNRIs (selec-• 

tive norepinephrine reuptake inhibitors).

Cognitive behavior therapy, gut-directed hypnotherapy, relaxation therapy.• 
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14 Infl ammatory Bowel Disease

Food and Nutrient Approaches

Melissa A. Munsell, M.D., and Gerard E. Mullin, M.D.

I. INTRODUCTION

Infl ammatory bowel disease (IBD) is a chronic illness that is characterized by unremitting intesti-

nal infl ammation with tissue injury caused by increased oxidative and metabolic stress. Increased 

energy, macronutrient, micronutrient, and electrolyte requirements result from thermodynamic 

demands of infl ammation and tissue losses from intestinal injury. Consequent protein-calorie 

 malnutrition and micronutrient defi ciencies are common among these patients and require close 

supervision and corrective supplementation1 (Table 14.1). Along these lines, food harbors nutri-

ents that are vital for optimal cellular function (i.e., antioxidants, polyphenols, omega-3 fatty acids, 

etc.) and regulate key components of the infl ammatory cascade. Diet plays an important role in 

down-regulating the unresolved infl ammation of IBD while optimizing healing and immunity. 

Thus, dietary and nutrient strategies have been studied as primary treatment in IBD. We review the 

nutritional consequences and therapy of IBD. 

II. EPIDEMIOLOGY

A GENE–NUTRIENT INTERACTION

Incidence rates of IBD increased after 1940, but have remained stable over the past 30 years, with 

the prevalence of ulcerative colitis estimated at 214 cases per 100,000 and Crohn’s disease at 174 per 

100,000.2 It is unclear if the increased incidence in IBD is due to improved diagnostic methods or 

as a response to changing environmental triggers. For example, the incidence of IBD has increased 

in Asian countries concurrent with increasing Westernized diets.3 High-animal-fat, high-sugar, and 

low-fi ber diets are proinfl ammatory and have been implicated in the development of IBD.4–6 Though 

IBD has remained an idiopathic disease, it has been proposed that genetically susceptible individu-

als develop disease in response to an exaggerated immune response to an environmental trigger 

(i.e., infectious, dietary) in the gut microbiota. Since IBD is believed to be the result of a com-

plex interaction between genetic, immune, microbial, and environmental factors as noted above, 

it is highly plausible that diet, as an environmental factor, may contribute to the pathogenesis of 

these diseases. For example, Mycobacterium paratuberculosis has reemerged as a possible infec-

tious etiology for Crohn’s disease. This infectious pathogen is found in unpasteurized cow’s milk 

in Europe.7 Furthermore, elemental diets will produce symptomatic relief and objective remission 

in up to 90% of patients, and may be considered as a fi rst line in therapy for pediatric patients.8 

Elemental diets contain no intact protein, and dietary nitrogen is supplied as amino acids, while 

polymeric diets contain intact protein. In animal models of IBD, dietary protein increased intestinal 
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permeability, which resolved with the institution of an elemental diet.9 Since dietary constituents 

infl uence the composition and function of the intestinal microfl ora and the clinical course of IBD, 

nutrition appears to be an integral role in the pathogenesis and treatment.

III. PATHOPHYSIOLOGY

OVERVIEW OF IBD PRESENTATION

Ulcerative colitis (UC) affects the colonic mucosa diffusely and is characterized by diarrhea, 

abdominal pain, and hematochezia. UC is categorized as distal disease (affecting rectum and/or 

sigmoid), left-sided colitis (up to splenic fl exure), extensive colitis (up to hepatic fl exure), or pancoli-
tis (entire colon). Crohn’s disease (CD) is characterized by transmural infl ammation which is discon-

tinuous and may affect any part of the gastrointestinal tract. The most common location of disease 

 involvement is the small bowel, where most nutrients are assimilated and absorbed. Endoscopically, 

the mucosa is described as cobblestoned with evidence of apthous ulcerations. Radiographically, 

evidence of fi stulae or stricturing disease may be present. CD is classifi ed by location of disease 

and the pattern of disease (infl ammatory, fi brostenotic, or fi stulizing).10 Patients with CD often have 

symptoms of abdominal pain, which limits nutrient intake, and diarrhea from severe mucosal injury 

causing malabsorption of fat and lipid-soluble vitamins, loss of fl uids-electrolytes-minerals, and 

consequent weight loss. Despite aggressive evaluation with clinical, endoscopic, radiological, and 

pathological criteria, about 5% of patients with IBD affecting the colon are termed indeterminate 

colitis, whereby the disease is indistinguishable from either UC or CD. 

CHRONIC INFLAMMATION

Chronic infl ammation in IBD is characterized by infi ltration of mononuclear cells and polymorpho-

nuclear neutrophils into the wall of the intestine.11 The infl ammatory response is amplifi ed as these 

cells are proinfl ammatory mediators that activate and recruit more infl ammatory cells to the bowel. 

It is believed that mononuclear cells mediate this immune response via secretion of tumor  necrosis 

factor (TNF), interferon-γ, interleukins, and eicosanoids (prostaglandin class 2, thromboxanes, 

leukotrienes class 4).12 Activation of NFκB stimulates expression of these molecules, which are 

increased in active IBD, yet also stimulates expression of protective molecules that inhibit infl am-

matory responses.13 This mechanism is not completely understood but is thought to play a key role 

in acute and chronic infl ammation in IBD. Studies have shown that short chain fatty acids (SCFAs), 

such as butyrate, polyphenols, and omega-3 fatty acids can reduce NFκB activity and become pos-

sible nutraceutical therapeutic modalities for IBD.14–16 

TABLE 14.1
Malnutrition in Infl ammatory Bowel Disease
Defi ciency CD UC Treatment

Negative nitrogen balance 69% Unknown Adequate energy and protein

B12 48% 5% 1000 μg/day × 7 days, then monthly

Folate 67% 30–40% 1 mg/day

Vitamin A 11% Unknown 5000–25,000 IU/day

Vitamin D 75% 35% 5000–25,000 IU/day

Calcium 13% Unknown 1000–1200 mg/day

Potassium 5–20% Unknown Variable

Iron 39% 81% Fe gluconate 300 mg TID

Zinc 50% Unknown Zn sulfate 220 mg qd or BID
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Linoleic acid is an essential polyunsaturated fatty acid (PUFA) and is a substrate for eico-

sanoids. PUFAs are categorized into two main families: omega-6 and omega-3. Linoleic acid 

is the parent compound to the proinfl ammatory omega-6 fatty acids and is found in fairly high 

concentrations in corn, soybean, and saffl ower oils.12 The other class of essential fatty acids are 

omega-3 PUFAs of which the parent compound is α-linoleic acid, which is synthesized into 

fatty acids important in immunomodulatory and  anti-infl ammatory effects via the production of 

prostaglandin class 3 and leukotriene B5, and by inhibiting production of arachidonic acid17 (see 

Figure 14.1). The omega-3 fatty acids are believed to compete with omega-6 fatty acids as pre-

cursors for eicosanoid synthesis.18 Omega-3 fatty acids also reduce TNFα production by inhibit-

ing protein kinase C activity.19 Omega-3 PUFAs are found in fl axseed, canola, and walnuts, but 

oils from deep sea fi sh are a more advantageous source of omega-3 PUFAs since humans do 

not readily transform α-linoleic acid to eicosapentaenoic acid and docosahexaenoic acid, which 

are the main precursors for desirable eicosanoids.12 Fish oil affects the gut immune system by 

suppressing T cell signaling, inhibiting proinfl ammatory cytokine synthesis, reducing infl amma-

tory cell recruitment, and enhancing epithelial barrier function.20,21 

Along with PUFAs, SCFAs are also thought to play a role in IBD pathogenesis. SCFAs are mono-

carboxylic hydrocarbons produced by the endogenous bacterial fl ora digestion of nonabsorbable 

carbohydrates reaching the colon, and include acetate, proprionate, and butyrate.22 Nonabsorbable 

carbohydrates (e.g., dietary fi bers) include, but are not limited to, nonstarch polysaccharides, resis-

tant starch, cellulose, and pectins.23 Butyrate is a major source of energy for colonocytes, and early 

studies demonstrated that rectal epithelial cells in patients with UC have impaired oxidation of 

butyrate, which may be caused by elevated levels of TNF.24–26 Other studies have shown that SCFAs 

such as butyrate may have an anti-infl ammatory effect by down-regulating cytokines.27 Furthermore, 

SCFAs may promote colonic sodium absorption.28 The therapeutic potential of SCFAs has been 

shown in both animal and human studies in IBD.29

IBD is thought to result from a complex interplay between genetic, immune, and environmental 

factors, including food and nutrients. While diets high in animal fats and sugar and low in fi ber 

FIGURE 14.1 ω-3 Modulation of the arachidonic acid cascade. ω-6 Fatty acids appear to promote the 

production of phospholipase A2 (PLP A2), arachidonic acid (AA) and production of noxious proinfl amma-

tory eicosanoids such as prostaglandin-2 series (PGE2), leukotrienes (LTB) such as slow reactive releasing 

substance (SRS-A), and thromboxane A2 (TXA2). ω-3 Fatty acids, in contrast, down- regulate production 

of proinfl ammatory eicosanoids by competitive inhibition of the enzymes cyclooxygenase-2 (COX-2) and 

5'-Lipoxygenase (5'LPO) for AA, thus leading to preferential production of the prostaglandin-3 series (PGE3) 

and leukotriene-5 series (LTB5). (From [15].)
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have been implicated in IBD, studies on the dietary role in IBD are challenging to interpret as other 

lifestyle or environmental factors may play a role.1 Dietary microparticles have also been theorized 

to be involved in the etiology of IBD. Microparticles are bacterial-sized inorganic particles such 

as titanium, aluminum, and silicone, which are found in Western diets, often in food additives. 

They have been proposed to exacerbate infl ammation via antigen-mediated immune responses 

and by increasing intestinal permeability, leading to increased immune exposure to antigens.30,31 

Specifi c foods can aggravate gastrointestinal symptoms in IBD, but do not indicate a causative role. 

Currently, there is no defi nitive evidence linking specifi c foods as a direct cause in IBD, therefore a 

diet rich in polyphenols, omega-3 fatty acids, along with prebiotic-rich foods coupled with a health-

ful lifestyle is recommended to patients with UC and CD to minimize the risk of malnutrition. 

MALNUTRITION 

Hospitalized patients with IBD have a higher prevalence of malnutrition than patients hospital-

ized with other benign conditions32 (see Table 14.1). CD patients, in particular, are susceptible to 

protein-calorie malnutrition, which contributes to both increased length of stay and hospital 

costs.33,34 Protein-calorie malnutrition in IBD is often manifested clinically by weight loss.35 Up to 

70% of adult patients with CD are underweight, while fewer patients with UC experience weight 

loss, and weight loss is more commonly seen in hospitalized UC patients.36–38 

Not only do hospitalized CD patients experience weight loss, but it is common in outpatients as 

well, and up to 75% of patients with CD experience weight loss.1,39–41 CD patients have signifi cantly 

lower lean body mass.42 Even when CD patients are in remission, 20% of patients were more than 

10% below their ideal body weight.43 Patients with IBD lose fat stores, and male patients with CD 

have been shown to have a signifi cantly lower percentage of body fat and hamstring muscle strength 

compared to healthy controls.38,44 The reasons for protein-calorie malnutrition in IBD stem from 

ongoing infl ammation and catabolic cytokine production, hypothalamic pituitary adrenal (HPA) 

axis dysregulation, and malabsorption of nutrients, along with diminished intake from abdominal 

discomfort.

While malnutrition is common, obesity can be seen, which can lead to protein-calorie malnutri-

tion. Often fat occurs in a distribution of mesenteric fat, though this is often independent of body 

mass index. “Creeping fat” is seen in CD and is described as fat hypertrophy and visceral fat wrap-

ping around the small and large bowel.1 It was originally thought that creeping fat simply results 

from transmural infl ammation, but emerging data show that mesenteric fat itself is proinfl ammatory 

with increased synthesis of TNFα and proinfl ammatory adipocytokines.45 Hyperinsulinism, corti-

sol, and catecholamine imbalance, along with enhanced proinfl ammatory cytokines, make obesity a 

special consideration in the setting of concurrent IBD. Prednisone therapy can contribute to weight 

gain by decreasing lipid oxidation and increasing protein oxidation while increasing fatty mass and 

depleting muscle protein.46,47 Together, hypercortisolism, corticosteroids, and obesity are a danger-

ous combination for the IBD patient from both a nutritional and disease-outcome point of view. 

MECHANISMS OF GROWTH RETARDATION AND MALNUTRITION

Growth impairment in IBD is multifactorial with poor nutrition, mediators of chronic infl amma-

tion, and complications of therapy all contributing.48,49 Decreased oral intake is frequently seen 

in those with high disease activity, which may be due to anorexia or sitophobia.50 Even while in 

remission, patients may have lower daily intake of nutrients such as fi ber and phosphorus.44 In addi-

tion to reduced dietary intake, maldigestion, malabsorption, enteric loss of nutrients, and rapid GI 

transit contribute to malnutrition, particularly in CD, as do increased basal caloric requirements 

from active infl ammation with inherent catabolic proinfl ammatory cytokine production or sepsis. 

Disease activity and extent can markedly infl uence the prevalence and degree of malnutrition in 

CD.40 Patients with diffuse small bowel involvement typically are at more risk for malnutrition 
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due to impaired absorption of nutrients, which can be similarly seen in small bowel resection and 

small bowel bacterial overgrowth.43,51–52 Genetic susceptibility may also play a role as children with 

NODII/ CARD15 variants in CD had lower height and weight percentiles.53 The growth hormone, 

insulin-like growth factor (IGF)-1, has been found to be involved in metabolic derangements in both 

children and adults with IBD. Total and free IGF-1 levels are reduced in patients with both CD and 

UC when compared to healthy controls and may be partially, but not completely, reversed by steroid 

therapy and TNF inhibitors.54–56 After infl ammation and disease activity is controlled, patients’ 

nutritional status usually improves. Biologic therapies improve weight and body mass index (BMI) 

in children with active CD who respond to treatment.57 Four to 6 years after patients with UC 

undergo total proctocolectomy with ileal pouch-anal anastomosis, muscular strength is increased 

by 11%, total tissue mass by 4.5%, and bone mineral density by almost 2%, suggesting the role of 

infl ammation in metabolic disturbance.52 

IMPLICATIONS OF MALNUTRITION

Malnutrition has many detrimental effects. It is associated with deterioration in muscle, respiratory, 

and immune function, as well as delayed wound healing and recovery from illness.58 In children, 

malnutrition leads to stunted growth, and in all ages leads to weight loss.59,60 CD patients have a 

greater loss of muscle than fat, particularly in ileal and ileocolic disease.40 Patients often develop 

hypoalbuminemia, which results from increased catabolism and decreased synthesis due to ongo-

ing infl ammation, intestinal protein loss, reduced hepatic protein synthesis, malabsorption, and 

anorexia.61 In the hospitalized setting, hypoalbuminemia portends an adverse prognosis for the 

IBD patient. Villous atrophy may occur as a result of malnutrition leading to poor nutrient absorp-

tion.62 Malnourished patients may experience a low quality of life, depression, and anxiety.63,64 

Malnutrition on admission to a hospital has been correlated with longer length of stay, higher costs, 

and increased mortality.65–67 IBD patients admitted with hypoalbuminemia and evidence of mal-

nutrition require a prompt nutritional evaluation and early intervention. Individuals who undergo 

an aggressive correction of their underlying malnutrition in the hospital setting have improved out-

comes, lower morbidity, lower mortality rates, and shorter hospital stays.68,69 

NUTRITION AND BONE HEALTH

Malnutrition and systemic infl ammation contribute to the decreased bone mineral density that 

occurs in patients with IBD though other factors such as corticosteroid use likely contribute.70–74 In 

IBD, the prevalence of osteopenia is 50% while the prevalence for osteoporosis is 15%.75 Though 

both patients with CD and UC are at risk for decreased bone density, those with CD carry greater 

risk.76 Studies have shown that osteopenia may be seen in newly diagnosed patients with IBD prior 

to any steroid therapy.77 This is contrasted, however, with a study demonstrating that women who 

developed IBD prior to age 20 were likely to have normal bone mineral density as adults.78 Though 

steroid use has often been blamed for reduced bone mineral density in IBD, it has been shown to 

be a weak predictor of osteopenia in CD patients. Age, BMI, serum magnesium, and history of 

bowel resections appear to be more important predictors for low bone mineral density.79,80 Calcium 

and vitamin D supplementation has been shown to maintain and increase bone mineral density in 

patients with CD.81,82 Vitamin D can help regulate cytokine responses and dampen infl ammatory 

responses.83 The ability of vitamin D to infl uence the immunopathogenesis of IBD is reviewed else-

where and shown in Figure 14.2.84,85 Biologic therapy with infl iximab is associated with increased 

markers of bone formation without increasing bone resorption.86 Weight-bearing exercise should be 

encouraged while smoking should be avoided. All women with IBD should be supplemented with 

calcium and vitamin D according to the Dietary Reference Intakes. However, most experts agree 

that given the prevalence of vitamin D insuffi ciency (25(OH)D levels < 32 ng/mL) in CD, supple-

mentation should be individualized to meet individual needs.

TAF-67621-08-0801-C014.indd   221TAF-67621-08-0801-C014.indd   221 12/19/08   7:35:23 PM12/19/08   7:35:23 PM



222 Food and Nutrients in Disease Management

NUTRIENT DEFICIENCIES

Vitamin and mineral defi ciencies are commonly seen in IBD. Overall, low calcium and phosphorus 

levels occur in IBD as well as defi ciencies in niacin, zinc, copper, and vitamins A and C.87 In IBD, 

increased oxidative stress, oxidative damage to proteins and DNA, along with impaired antioxidant 

defenses in the form of mucosal zinc, copper, and superoxide dismutase has been shown in both 

serum and in the involved intestinal mucosa.88 Every patient with IBD should be screened at least 

annually for vitamin and mineral defi ciencies. The body systems most commonly impacted by 

nutrient inadequacies in IBD are summarized below.

Bone Health
The overall relative risk of fractures is 40% greater in IBD than in the general population—

the prevalence of osteopenia and osteoporosis is 50% and 15%, respectively. The risk of frac-

ture is similar for CD and UC and for both males and females with IBD. In relation to bone 

health, calcium, vitamin D, vitamin K, and magnesium deficiency occur. Vitamin D is not only 

important in bone health, but appears to have a role in immunomodulation as well. Vitamin D 

exerts its effects via vitamin D receptors on T-cells and antigen presenting cells. Vitamin D 

can antagonize T-helper 1 proinflammatory responses by interfering with antigen presentation 

and TH1 activation, up- regulating TH2 cytokines and down-regulation NFκB in macrophages.85 

(Figure 14.2.)

FIGURE 14.2 Potential role of vitamin D in CD: In CD, bacterial antigens drive antigen-presenting cells 

(DCs) to produce cytokines such as interleukin-12 (IL-12) to drive a T-helper (TH1) proinfl ammatory response 

to induce macrophages, which produce TNFα and neutrophil chemoattractive agents that ultimately result 

in the production of noxious agents and tissue injury. The damaged intestinal tissue is more permeable to 

antigens, which drive the vicious cycle of antigen-presentation, local immune activation, and tissue injury. 

Anti-infl ammatory cytokines such as interleukin-10 (IL-10), made by regulatory T cells (Tregs), antagonize 

TH1 proinfl ammatory processes by stimulating T-helper 2 function. Vitamin D antagonizes TH1 proinfl am-

matory responses by interfering with antigen-presentation and TH1 activation, up-regulating TH2 cytokines, 

and down-regulating NFκB in macrophages. (From [85].)

Ag
Mucosal injury

Inflammation
OH.

O2
.−
(–)

IL-12
(–) (–) IL-10

IL-4

IL-10

CD40 CD8086
DC

Ag

Th

(+)

Treg Cell

TH2 Cell
(–) = inhibited by vitamin D
(+) = stimulated by vitamin D

Activated TH1 Cell

Macrophage IFNγ

TNFα

(–)NFκ B

TAF-67621-08-0801-C014.indd   222TAF-67621-08-0801-C014.indd   222 12/19/08   7:35:23 PM12/19/08   7:35:23 PM



Infl ammatory Bowel Disease 223

ANEMIA

In addition to vitamin D defi ciency, anemia is frequently seen and may be related to iron, B12, and 

folic acid defi ciency. Measurement of serum B12 should be performed annually in patients with 

ileal disease.89 Methylmalonic acid (MMA) can be used as a more sensitive test for the diagnosis 

of cobalamin defi ciency.90 Hyperhomocysteinemia is seen in IBD and is associated with decreased 

levels of vitamin B12 and folate.91 

IV. ROLE OF PARENTERAL NUTRITION

Previously, total parenteral nutrition (TPN) with bowel rest has been used as primary therapy for 

CD, though a key study in 1988 demonstrated that complete bowel rest was not a major factor in 

achieving clinical remission.92 When feeding the gastrointestinal tract is not feasible, then TPN is 

used to provide nutritional support. TPN carries risks of sepsis and cholestatic liver disease (see 

Table 14.2). Complications are increased by overfeeding.93 In animal models, long-term TPN use is 

associated with small intestine atrophy and increased intestinal permeability, while villous atrophy 

is not seen with enteral feeds, though this has not been uniformly seen in human studies.94–97 A 

recent study of nationwide patterns of inpatient TPN utilization showed that usage was associated 

with higher in-hospital mortality, length of stay, and hospital costs ($51,729 vs. $19,563).98 Total 

enteral nutrition can prevent malnutrition as well as TPN in patients with adequate bowel length, 

and thus should be favored over TPN due to preservation of mucosal integrity and favorable adverse 

effect profi le relative to parenteral infusion.99,100

V. ROLE OF ENTERAL NUTRITION

The role of enteral nutrition as primary therapy is uncertain, particularly in adults. While enteral 

nutrition as primary therapy for active CD is less successful in inducing remission than steroid ther-

apy, it has a better response than placebo.101–103 Meta-analyses have shown that remission rates with 

enteral feeds in CD are approximately 60%.102,104 Oral diet supplementation with low-residue nutri-

tion has also been shown to improve nutritional status and decrease disease activity in CD.105,106 One 

randomized control study showed that patients obtaining half of calories from an elemental diet and 

the remaining half from a polymeric diet was an effective strategy for reducing relapse compared to 

patients receiving all calories from a normal diet.107 Often these studies are challenging to perform 

due to a large dropout rate from unpalatability or intolerance of the diet.18 In terms of type of enteral 

feeds, elemental (amino acid-based) diets have not been shown to be more successful in inducing 

remission than nonelemental diets.104,108 This is an important clinical pearl since elemental formula-

tions are not palatable and noncompliance is an issue. In children, enteral nutritional support has a 

positive effect on growth and development and may help children avoid steroid use.109,110 

TABLE 14.2
Complications of TPN

• Catheter-related infections

• Venous thrombosis

• Occlusion of catheter lumen

• Gallbladder stasis

• Hyperoxaluria

• Hepatic dysfunction

Source: [201].
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MODE OF ACTION OF ENTERAL NUTRITION

It is unclear by what mechanism enteral nutrition acts to affect the infl ammatory process in CD. 

Proposed mechanisms include provision of essential nutrients, reduction of antigenic load,  alteration 

of bowel fl ora, and improved immune function.111 The enteral diet may have an anti-infl ammatory 

effect on the gastrointestinal mucosa, which may be related to the fatty acids in the feed or altera-

tion of gut fl ora.1,112–113 The feeds studied (AL110, Modulen IBD, and ACD004 [Nestle, Vevey, 

Switzerland]) all have casein as the protein source, are lactose free, and are rich in transforming 

growth factor beta (TGF-beta). They have all been shown to induce clinical remission associated 

with mucosal healing.114 In the case of Modulen IBD, in addition to mucosal macroscopic and his-

tological healing, there was a fall in mucosal proinfl ammatory cytokines: interleukin-1 mRNA in 

colon and ileum, interleukin-8 mRNA in colon and interferon gamma mRNA in ileum, but a rise 

in the regulatory cytokine TGF-beta mRNA in ileum. Taken together, these results indicate that 

these formulas are infl uencing the disease process itself, and thus suggest that the clinical remission 

achieved is a result of a reduction in infl ammation, rather than a consequence of some other nutri-

tion effect.

Clinical response to enteral nutrition is associated with mucosal healing and down-regulation 

of proinfl ammatory cytokines.112 Modulen supplementation provided statistically signifi cant pro-

tection against weight loss, hypoalbuminemia, acidosis, and GI damage in a rat model of IBD.115 

Though illustrative, future animal research of the mechanism of action of Modulen’s protective 

effects is needed before further human trials are considered.

GLUTAMINE

The nonessential amino acid glutamine is a source of energy for intestinal epithelial cells, and it 

stimulates proliferation of intestinal epithelial cells.116 In animal models of IBD, glutamine-enriched 

parenteral nutrition decreased bacterial translocation and stimulated IgA mucosal secretion.117,118 

New animal data have suggested that parenteral glutamine may have anti-infl ammatory effects 

via the NFκB pathway with anti-TNFα properties.119 These fi ndings led to the hypothesis that 

glutamine-enriched parenteral nutrition may improve outcomes in patients with CD. Glutamine-

enriched parenteral nutrition has failed to show a clinical benefi t in patients with IBD compared 

to standard parenteral nutrition.120 However, intestinal utilization of glutamine is impaired, thus 

mitigating attempts for restorative therapy.121 

VI. OTHER DIETARY THERAPY IN IBD

As stated previously, though diet has been implicated in the pathogenesis of IBD, there is no defi ni-

tive evidence linking a specifi c food or additive as a cause of IBD. Therefore, most patients are given 

a recommendation to follow a healthy, well-balanced diet. However, following are dietary strategies 

and management that have been studied further.

PUFAS

Dietary fat has been proposed to have a role in disease activity. One proposed mechanism for the 

effi cacy of low-fat elemental diets is insuffi cient omega-6 fatty acids to synthesize proinfl ammatory 

eicosanoids.122 The family of omega-3 fatty acids have the parent compound α-linoleic acid, which 

is synthesized into fatty acids important in immunomodulatory and anti-infl ammatory effects via 

the production of prostaglandin class 3 and leukotriene B5, and by inhibiting production of arachi-

donic acid and TNFα production.17–19 These fi ndings would suggest that a diet rich in omega-3 

PUFAs may be protective against IBD while those rich in omega-6 PUFAs would promote infl am-

mation. PUFAs may reduce the risk of recurrence in CD and may also have a role in UC.123,124 
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A controlled trial evaluated a polymeric enteral diet high in oleate acid (monounsaturated fat) versus 

an identical diet high in linoleate acid, and demonstrated that remission rates were better with the 

linoleate diet.113 Elemental diets with increasing amounts of long-chain triglycerides (LCTs) had 

lower remission rates in active CD than the same diet with lower LCTs.125 Soybean oil was used as 

the LCT with the principal fatty acids being oleic acid and linoleic acid. Based on the Cochrane 

Review, omega-3 fatty acids might be effective for maintenance therapy in CD, though this was not 

supported in UC (see Table 14.3).126,127 Most recently, though, two randomized, placebo-controlled 

trials showed omega-3 fatty acids were not effective in the prevention of relapse in CD.128 

SCFAS, LOW PARTICLE DIETS, AND POLYPHENOLS

In addition to PUFAs, other dietary strategies in IBD include SCFAs, low particle diets, and 

polyphenols.15,27,123,124,129 The majority of studies on SCFAs have been performed in animals, but 

human studies have been performed. Though the studies were small, many prospective studies 

demonstrated clinical response or improvement with SCFA enemas (Table 14.4).130–134 One small 

randomized controlled trial demonstrated a decrease in clinical index activity scores in patients 

with UC treated with 30 g of germinated barley, which increased luminal butyrate production.29 

Microparticles have been proposed to exacerbate infl ammation via antigen-mediated immune 

responses.30 An initial pilot study of 20 patients showed that those on a diet low in microparticles had 

a signifi cant improvement in CD activity index, though a follow-up multicenter randomized controlled 

trail showed no improvement in CD activity with reduced microparticle intake in the diet.135,136 

Polyphenols are phytochemicals found in food substances produced from plants and have been 

found to be potentially immunomodulating.137 Examples of polyphenols include resveratrol, epi-

gallocatechin, and curcumin. Resveratrol is found most abundantly in the skin of red grapes.138 

Resveratrol appears to have anti-infl ammatory and immunomodulatory effects, though the mecha-

nism has not been clearly established.15 In rodent models of infl ammatory colitis, resveratrol has 

been shown to reverse weight loss, increase stool consistency, improve mucosal appearance, improve 

histology, decrease infl ammatory infi ltrate, and decrease mucosal levels of interleukin-1β, COX-2, 

and prostaglandin D2.
139 To date, resveratrol has not been studied in human subjects with IBD. 

TABLE 14.3
Omega-3 Fatty Acids for Maintenance of Remission in CD (from Cochrane Review)

Review: Omega-3 fatty acids (fi sh oil) for maintenance of remission in Crohn's disease
Comparison: Omega-3 versus placebo
Outcome: Relapse rate at 1 year (all studies)

Study Treatment
n/N

Control
n/N

Relative Risk (Random)
95% Cl

Weight
(%)

Relative Risk (Random)
95% Cl

Belluzzi 1996 11/39 27/39 26.3 0.41 [0.24, 0.70]

Belluzzi 1997 2/26 5/24 7.8 0.37 [0.08, 1.73]

Lorenz-Meyer 1996 40/70 36/65 34.3 1.03 [0.77, 1.39]

Romano 2005 11/18 19/20 31.6 0.64 [0.44, 0.94]

Total (95% Cl) 153 148 100.0 0.64 [0.40, 1.04]

Total events: 64 (Treatment), 87 (Control)

Test for heterogeneity chi-square = w

10.89 df = 3 p = 0.01 l2 = 72.4%

Test for overall effect z = 1.80 p = 0.07

0.1   0.2   0.5  1   2   5   10

Favors treatment       Favors control

Source: [123, 126, 202, 203].
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Catechins such as epigallocatechin gallate (EGCG) are abundant in green (nonfermented) tea.140 

Green tea has been linked to benefi cial effects in prevention or treatment of cancers such as breast, 

lung, ovarian, prostate, and stomach, as well as in diseases such as hypertension and cardiovascular 

health.15 EGCG can modulate and inhibit NFκB activity, which may affect infl ammation.141 Similar 

to resveratrol, green tea has been shown to improve disease activity in murine models of colitis.142–144 

An in vitro study involving human colonic tissues showed that EGCG administration resulted in 

decreased proinfl ammatory cytokine production, but to date, there are no in vivo human studies to 

evaluate the role of green tea extract in IBD.145 

Another phytonutrient studied for its anti-infl ammatory role is curcumin. Turmeric, from the 

herb Curcuma longa, is the major spice found in curry. Curcumin is the major chemical constituent 

of turmeric. Curcumin has been used as an oral and topical agent to treat a variety of ailments and 

has had an excellent safety profi le.146,147 Curcumin appears to have multiple mechanisms of action 

including NFκB inhibition, thereby likely down-regulating proinfl ammatory genes and cytokines.148 

Overall, in animal models of colitis, curcumin has demonstrated positive effects.149–154 A random-

ized controlled trial of 89 patients with quiescent UC were administered 1 g of curcumin twice daily 

and had clinical improvement and a signifi cant decrease in the rate of relapse.155

VII. SUPPORTING COLONIC MICROBES

PREBIOTICS AND PROBIOTICS

Disturbances in bacterial intestinal fl ora have been purported as a triggering factor for IBD.156 

Therapy with prebiotics and probiotics may present a treatment option with few side effects. Animal 

models suggest probiotics may be useful in the treatment of UC and CD.157,158 Probiotics are living 

microbes that can benefi t the host once introduced. Examples include lactobacilli, bifi dobacteria, 

and yeast species such as Saccharomyces boulardii.159 Based on animal models, probiotics can 

alter gastrointestinal fl ora and ameliorate disease.160 Probiotics also produce SCFAs.161 Pouchitis 

is a complication of surgery for UC and is typically treated effectively with antibiotics, suggest-

ing a role of bacteria.162 In patients with chronic pouchitis induced to remission with antibiotic 

therapy, VSL#3, a well-studied probiotic, was successful in maintaining remission.163 VSL#3 may 

TABLE 14.4
Prospective Studies of Short Chain Fatty Acids for Left-Sided Ulcerative Colitis

Study Design
No. Patients 
(Treatment)

Study 
Duration (wk)

Butyrate 
Dose Results

Scheppach Single-blind 10 (Butyrate 

enema)

2 100 mM ↓ Stool frequency, hematochezia,

↓ Endoscopic histologic score

Breuer Crossover 

Open-label

10 (Placebo)

10 (SCFA 

enema)

6 100 mL bid

40 mM

100 mL bid

No change with placebo

↓ Disease activity index

↓ Mucosal histology score

Steinhart Open-label 10 (Butyrate 

enema)

6 80 mM

60 mL qd

↓ Disease activity index

60% Response

40% Complete remission

Patz Open-label 10 (SCFA 

enema)

6 40 mM

100 mL bid

5/10 Endoscopic and clinical 

improvement

Vernia Open-label 10 (Butyrate + 

5-ASA enema)

6 80 mM

100 mL bid

7/9 Endoscopic, clinical, and 

histologic improvement

Source: [130–134].
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also have a role as primary prophylaxis of pouchitis in patients with ileal pouch-anal anastomosis.164 

There have been studies, however, that demonstrated no signifi cant benefi t of VSL#3 in maintaining 

remission induced by antibiotics.165 Trials using a combination of probiotic species (such as VSL#3) 

have yielded more successful results than those using only a single species.166 Prebiotics may also 

have a role in antibiotic-refractory or antibiotic-dependent pouchitis. 

Probiotics have been shown to be effi cacious in maintenance therapy in UC. Three random-

ized controlled trials showed that Escherichia coli Nissle 1917 equaled conventional 5-ASA 

treatment.167–169 Studies using other probiotic species have yielded mixed results. Probiotics have 

also been studied in the treatment of active UC. VSL#3 used in combination with low-dose bal-

salazide had shorter time to remission than balsalazide alone.170 Of note, the doses of balsalazide 

were lower than typically used in a clinical scenario. Probiotics have also been used as topical 

therapy with E. coli Nissle 1917 enemas and led to remission, with the time to remission being 

shortest with the highest dose of enema.171 

Prebiotics are compounds that promote intestinal proliferation of probiotic bacteria (also metab-

olized into SCFAs). Most prebiotics are from the group of dietary fi bers found in foods such as 

legumes, artichokes, onions, garlic, banana, soya and other beans.172 Examples of prebiotics are 

inulin and oligofructose. When these prebiotics are given in suffi cient amounts they selectively 

promote the growth of bifi dobacteria.173 Animal models of IBD have shown inulin to reduce infl am-

matory mediators and reduce histological damage scores.174 Along with inulin, other prebiotics such 

as oligofructose and lactulose have shown anti-infl ammatory effects in animal modes of IBD.175,176 

In clinical studies, inulin as compared to placebo was associated with improvement in infl am-

mation in chronic pouchitis.177 Combining probiotics and prebiotics as synbiotics may play a role 

in the treatment of IBD. In mild UC, a synbiotic preparation (oligofructose-enriched inulin and 

Bifi dobacterium longum) compared to placebo showed a trend in reduction of mucosal expression 

of proinfl ammatory cytokines (TNFα), improvement in infl ammation on a histological level and by 

clinical activity indices.178 

Probiotics have been studied in CD as well. One studied showed patients using S. boulardii plus 

mesalazine had fewer relapses than those using mesalazine alone.179 There have been other studies, 

however, that did not demonstrate probiotics to be effective in a maintenance strategy in CD.180,181 

Prebiotics and synbiotics have not been extensively studied in the maintenance of CD. In treating 

active CD, probiotics have not been shown to signifi cantly have a role in treatment, though one 

study showed that prebiotics may reduce disease activity in active CD.182 Research on probiotics and 

prebiotics in this area is limited for a number of reasons, including enrollment of small number of 

patients, variability in choice of probiotic or prebiotic used, and variability in patients’ diets. Larger 

randomized controlled trials are needed to determine the role of probiotics and prebiotics in the 

treatment of IBD (see Tables 14.5 and 14.6). 

VIII. FOOD INTOLERANCE AND IBD

Irritable bowel syndrome (IBS) occurs with increased frequency and severity given the underlying 

chronic infl ammation in IBD, and physicians need to recognize this in order to avoid use of IBD 

therapy to treat symptoms resulting from IBS.183 Patients may have intolerance to many foods, 

including but not limited to dairy products, caffeine, fried foods, and foods with high fi ber con-

tent.184 It is important to note that food intolerance is not a true allergic reaction; if foods cause a 

true allergic reaction they need to be completely avoided. Patients who have intolerance to certain 

foods should try to avoid specifi c triggers in order to minimize their symptoms. 

GLUTEN

Celiac disease has been noted with increased frequency among patients with CD.185 Rather than 

recommending a gluten-free diet for all, if patients continue to have ongoing symptoms despite 
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treatment for CD, testing for celiac disease should ensue. In general, only those with celiac disease 

should be given a gluten-free diet. Given that there is not enough data to support or refute a recom-

mendation concerning gluten sensitivity testing for IBD, it is reasonable as experts for us to suggest 

that clinicians query patients as to their possible intolerance to gluten and if suspicious, IgG1/IgG4 

antibody testing should be considered.

FIBER

IBD, particularly CD, can result in complications of intestinal strictures, fi stulas, high-output 

ostomy, as well as short bowel syndrome. Though patients with nonstricturing CD do not benefi t 

universally from a low residue diet, most experts in IBD would recommend a low residue diet in 

patients who have ongoing intestinal strictures.186 As discussed previously, soluble fi ber is  fermented 

by enteric bacteria into short-chain fatty acids, which are crucial to the metabolism and healing of 

colonic enterocytes. Insoluble fi ber products help serve as prebiotic products to facilitate popula-

tion of benefi cial enteric bacteria. Thus, continued intake of adequate fi ber is helpful for patients 

with both forms of IBD; however, tolerance can limit intake based upon disease manifestations 

(i.e., stricturing). Patients with intestinal fi stula, high-output ostomy, and short bowel syndrome 

TABLE 14.6
Prebiotics in Ulcerative Colitis
Author Year Fiber Study Outcome

Fernandez-Banares 1999 Plantago ovata seed fi ber 

10 grams BID

Fiber +/− mesalamine in 

patients in remission

Equal to mesalamine in 

maintenance of 

remission

Kanauchi 2002

2003

Barley 20–30 grams Mild to moderately 

active UC

Decreased disease 

activity

Hallert 2003 Oat bran 60 grams 

(fi ber 20 grams)

Patients in remission Decreased abdominal 

pain, increased fecal 

butyrate

Welters 2002 Inulin 24 grams IPAA Deceased pouch 

infl ammation

Source: [29, 177, 207–209].

IPAA = ileal pouch–anal anastomosis

TABLE 14.5
Probiotics in Infl ammatory Bowel Disease
Author Year Probiotic Result

Kruis 1997 E. coli Nissle 1917 Equal to mesalamine

Rembacken 1999 E. coli Nissle 1917 Equal to mesalamine

Guslandi 2000 S. boulardii Equal to mesalamine

Ishikawa 2003 Bifi dobacterium milk Superior to placebo

Borody 2003 Stool enema Improved

Kruis 2004 E. coli Nissle Superior to conventional

Kato 2004 Bifi dobacterium milk Superior to placebo

Furrie 2005 Bifi dobacterium + fi ber Improved 

Source: [167–169, 178–179, 204–206].
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often are diffi cult to manage from a nutrition standpoint. Careful management of fl uid and electro-

lyte disturbances is essential, and parenteral nutrition may be necessary in some cases.187 

IX. PATIENT EVALUATION

INFLAMMATION AND DISEASE ACTIVITY

In the evaluation of the patient with IBD, disease activity needs to be assessed. Infl ammation plays a 

role in malnutrition as well as in potential complications of IBD such as osteoporosis and colorectal 

cancer. Medications need to be adjusted to maintain patients in remission. Often, if disease fl are 

is suspected, markers of infl ammation may be ordered, including erythrocyte sedimentation rate 

(ESR) and C-reactive protein (CRP).

MALNUTRITION

At each visit, the patient’s weight and BMI should be recorded to assess for weight loss as a marker 

of protein-calorie malnutrition. 

VOLUME DEPLETION/DEHYDRATION

Patients with intestinal fi stula, high-output ostomy, and short bowel syndrome often are diffi cult to 

manage from a nutrition standpoint. Careful management of fl uid and electrolyte disturbances is 

essential, and parenteral nutrition may be necessary in some cases.187 If patients with CD have these 

complications, orthostatic vital signs should be performed to assess for adequate fl uid hydration. 

NUTRIENT DEFICIENCIES

Laboratory studies that should be followed periodically include vitamin B12 levels, particularly in 

patients with ileal CD. If there is evidence of anemia, iron studies and folic acid levels may need to 

be assessed. Since patients with IBD are at risk for osteoporosis, vitamin D levels should be ordered, 

and dual-energy x-ray absorptiometry (DEXA) should be assessed soon after diagnosis and repeated 

in about 1 year. Other fat-soluble vitamins may be defi cient, such as vitamin A, E, and K. Minerals 

other than iron may be defi cient in IBD; these include magnesium, selenium, zinc, and copper. Zinc is 

commonly defi cient in CD, and copper status is unknown. In UC, these trace minerals are unlikely to 

be defi cient unless patients have profuse diarrhea.188 Selenium defi ciency may be seen in patients on 

long-term parenteral nutrition or in patients who have undergone signifi cant small bowel resections.189 

Serum levels should be checked as selenium is an essential cofactor for glutathione peroxidase, which 

helps detoxify hydroxyl free radicals, which are overabundant in infl amed tissues. 

X. TREATMENT APPROACHES

AVOID UNNECESSARY FOOD RESTRICTION

Most patients and some providers believe that diet infl uences their disease and this can lead to 

unnecessary food restriction.190 It is important to establish food intolerance as a separate entity, not 

part of IBD itself. As such, one patient’s food intolerance should not be generalized to a recommen-

dation appropriate for IBD at large. For example, there is no evidence that a gluten-free diet is effi ca-

cious in CD if celiac disease is absent; however, if gluten sensitivity is suspected and confi rmed via 

IgG testing or an elimination trial, removal is warranted.191 Patients with IBD need to eat healthful 

diets with as few restrictions as possible. Unnecessary food restrictions can have harmful effects:

Removing spicy foods•  from the diet would lessen the phytonutrient curcumin and other less 

studied nutrients known to temper infl ammation.
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Removing gluten-containing foods•  as a general rule has been shown to result in unhealth-

ful food selection that the patient may mistakenly consider healthful solely because it 

is gluten-free. Confi rmation of gluten sensitivity, if suspected, should be done prior to 

removal from the diet.

Avoiding foods containing lactose•  may not be necessary if the patient tolerates lactose. 
Following a lactose-free diet can reduce the intake of highly absorbable minerals, and 

fermented dairy products are a source of probiotics. Breath hydrogen testing should be 

performed if lactose intolerance is suspected.

Avoiding nuts and seeds•  as a potential IBD trigger in patients who are not demonstrated 

to have allergies or sensitivities to these foods results in unnecessary restriction of mono-

unsaturated fats, minerals, and protein. For example, walnuts are a rich source of omega-3 

fatty acids, which are anti-infl ammatory in nature and can benefi t patients with IBD. Nuts 

and seeds are often substituted for processed snack foods known to be proinfl ammatory. 

Nuts and seeds may need to be avoided in patients with stricturing disease or ostomies. 

BE CAREFUL WITH RED MEAT

Use caution with red meat, due to colorectal cancer risk. Topical nutrients are preferentially used by 

the gut mucosa to maintain structure and function. With the colon, topical nutrients are generated 

by the colonic microbiota to maintain mucosal health. As previously mentioned, SCFAs control 

proliferation and differentiation, thereby reducing colon cancer risk. Unfortunately, the microbiota 

may also elaborate toxic products from food residues such as genotoxic hydrogen sulfi de by sulfur-

reducing bacteria in response to a high-meat diet. Most nutritionists suggest abundant red meat 

in the diet of IBD patients due to microscopic blood loss from the chronic infl ammation. Iron, 

although important to maintain suffi ciency, can be a pro-oxidant by catalyzing superoxide anion 

formation. Thus, caution needs to be exercised with regard to iron intake in IBD patients.88 Patients 

with both forms of IBD have an increased risk of acquiring colorectal cancer. Given the connection 

of red meat and processed meats to colorectal cancer, advising patients to consume an ad lib diet 

of red meat and or processed meats as is done in most hospital centers is concerning and should be 

scrutinized.192–194

MINIMIZE BONE LOSS

To minimize bone loss, calcium supplements should be given at doses of 1200 mg/day with vitamin 

D supplementation at 800 IU/day. If vitamin D defi ciency is found, repletion and maintenance will 

be needed. Finally, patients may need bisphosphonates to treat osteoporosis.

REPLENISH NUTRIENT DEFICIENCIES

 1. Hypovitaminosis D: IBD, particularly small bowel CD, patients are susceptible to vitamin 

D defi ciency. This often is manifested by low 25(OH)D levels. A target serum level of 

32 ng/mL or greater is considered the optimal serum 25(OH)D level. For vitamin D defi -

ciency (25(OH)D < 20 ng/mL), initial treatment should be 50,000 IU of vitamin D2 or D3 

orally once per week for 6 to 8 weeks, then 800 to 1000 IU of vitamin D3 daily, thereaf-

ter.195 For vitamin D insuffi ciency, 25(OH)D 20-30 ng/mL, 800 to 1000 IU of vitamin D3 

should be given daily and this should bring levels within the target range in approximately 

3 months. Vitamin D (25(OH)D) should be measured 3 months after beginning therapy. 

In patients with malabsorption, repletion will vary. These patients may need higher doses 

of vitamin D of 10,000 to 50,000 IU daily. Calcium supplementation of 1000 to 1200 mg 

should be given with vitamin D. Vitamin D toxicity can occur at levels of 88 ng/mL or 

greater, and the fi rst signs of toxicity include hypercalciuria and hypercalcemia.196,197 
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 2. Iron defi ciency: Anemia is frequently seen in IBD, and iron status should be assessed. Iron 

defi ciency in IBD is typically caused by chronic blood loss. Though oral iron supplementa-

tion has not been shown to worsen disease activity, patients may develop gastrointestinal 

side effects.198 With oral supplementation, usually ferrous sulfate 325 mg three times daily 

is given, though if patients develop gastrointestinal upset, ferrous gluconate may be substi-

tuted. Other tips for patients suffering from side effects of iron therapy include gradually 

increasing the dose from one time per day to three times per day or taking it with food, 

though absorption will be decreased. Parenteral iron is usually given to patients who do not 

tolerate oral iron or where blood loss exceeds the ability of the GI tract to absorb iron. 

 3. Vitamin B12 defi ciency: Patients with B12 defi ciency do not always have evidence of 

 anemia or it may be mild. Therefore, serum cobalamin should be assessed periodically, 

particularly in patients with ileal CD or following ileal resection. If the serum cobalamin 

level is greater than 300 pg/mL, this is normal and cobalamin defi ciency is unlikely. Levels 

less than 200 pg/mL are consistent with cobalamin defi ciency. If the level ranges between 

200 to 300 pg/mL, cobalamin defi ciency is possible and further testing may be needed 

with measurement of MMA and homocysteine levels. If both tests are normal with MMA 

levels of 70 to 270 nmol/L and homocysteine of 5 to 14 μmol/L, then cobalamin defi ciency 

is unlikely. If MMA and homocysteine levels are increased, then cobalamin defi ciency 

is likely, though folate defi ciency may be present as well. If MMA is normal, but homo-

cysteine is elevated, then folate defi ciency is likely.90 Patients with cobalamin defi ciency 

are treated with a dose of cobalamin 1000 μg or 1 mg daily for 1 week followed by 1 mg/

week for 4 weeks, then 1 mg/month. Serum cobalamin levels should be monitored after 

therapy. 

 4. Folate defi ciency: Folate defi ciency is frequently seen in both UC and CD and is multifac-

torial, with insuffi ciency dietary amounts of folic acid and side effects of medicine con-

tributing. Serum folate levels refl ect short-term folate balance, while red blood cell (RBC) 

folate is a more accurate measure of tissue folate.199 However, if the serum folate is > 4 ng/

mL, folate defi ciency is unlikely. If serum folate is between 2 to 4 ng/mL, then RBC folate 

can be measured along with the metabolites described above (MMA and homocysteine). 

Serum folate < 2 ng/mL is essentially diagnostic of defi ciency in the absence of recent 

fasting or anorexia, which may be frequent, particularly in hospitalized patients. Typically, 

folate is repleted with 1 mg of folic acid daily for 1 to 4 months or longer if needed. It is 

important to rule out cobalamin defi ciency before treating a patient with folic acid. Recent 

literature suggests that repletion with folate in doses greater than 1 mg/day can actually be 

harmful.200

RECEIVE SPECIALIZED NUTRITION SUPPORT

In patients receiving TPN, serum electrolytes, glucose, calcium, magnesium, phosphate, amin-

otransferases, bilirubin, and triglycerides should be measured regularly. The catheter site needs to 

be monitored to assess for signs of infection. See Table 14.2 for complications related to TPN use. 

Avoid overfeeding to “catch up,” as many patients with IBD are malnourished in the hospitalized 

setting. Overzealous feeding, termed “refeeding syndrome” is a particularly deadly complication of 

TPN that is under-recognized by physicians worldwide. 

XI. SUMMARY

Given the challenges in research in the area of nutrition in IBD, there is no clear evidence that 

any specifi c diet either is a cause or a “cure” for IBD. Thus, in order to prevent food restriction, 

patients should be encouraged to follow a healthy diet as tolerated, but be mindful to follow an 

anti- infl ammatory Mediterranean type diet whenever possible. When supplemental nutrition is 
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necessary, enteral therapy should be used over parenteral therapy if the gut can be used. Medical 

therapy needs to be initiated to achieve remission to minimize infl ammation, and this varies from 

5-ASA medications to infl iximab. Supplementation with polyphenols, probiotics, and fi sh oils 

should be considered as adjuncts to care. Patients should be counseled on the risk of osteopenia and 

osteoporosis and be encouraged to take calcium and vitamin D, if defi cient. Other nutrients may be 

defi cient as well, and should be evaluated and repleted when defi cient.
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15 Food Reactivities 

Diagnosing and Treating 
Food Allergies, Intolerances, 
and Celiac Disease

Russell Jaffe, M.D., Ph.D.

I. INTRODUCTION 

Food reactivities include the sum of diet-related acute allergy, hypersensitivity (delayed allergy), 

and intolerance.1–3 Celiac disease incorporates all aspects of food reactivity into a perfect storm 

of suffering too often overlooked in practice. Careful history and recently available predictive 

diagnostic tests are recommended to properly include or exclude food reactivities.1–4 This chapter 

reviews the link between the varieties of food reactions and their clinical relevance to infl ammatory, 

 autoimmune, and degenerative conditions.1

II. EPIDEMIOLOGY

“… food intolerances affect nearly everyone at some point.” 

NIAID/NIH/HHS, 2/16/08, National Institute of Allergy and Infectious Diseases (NIAID), U.S. 
Department of Health & Human Services (HHS)

The incidence and prevalence of food reactivities are increasing. Current understanding of 

the pathophysiology of food reactivities provides a robust basis to explain the increase in disease. 

Ecologic data presented in Table 15.1 also provide perspective. 

Developed countries have a greater prevalence of types I and III allergies due in part to the 

dietary changes concurrent with industrialization, age of onset, and time from onset to diagnosis 

point, and to processes that take time to acquire and reach clinical signifi cance. Gender differences 

may be due in part to hormone variances that are evident as early as perinatally.

Celiac disease epidemiologic surveys suggest celiac disease to have a prevalence of 1/250 

Caucasians. Celiac disease is exceedingly rare in patients of pure Japanese, Chinese, or Afro-

Caribbean descent. Prevalence of celiac disease has substantially increased at the same time that 

human diets have become more highly refi ned and processed.2 Celiac disease is rare in people who 

are adequately breastfed and allowed to wean to traditional foods for infants, including fruits, veg-

etables, pulses, herbs, and fermented foods.3 Most studies are based on screening for anti-gliadin, a 

protein component of gluten, and/or anti-endomysial antibodies.4 
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III. PATHOPHYSIOLOGY 

Recent advances in basic and molecular sciences have substantially changed our understanding of 

both the causes and the management of food reactivities.5 While often overlooked or misunderstood 

for lack of awareness of recent scientifi c evidence, food reactivities are more than acute histaminic 

reactions.6,7 Food reactivities are antecedents to most infl ammatory syndromes,8 which include 

digestive, degenerative, and autoimmune chronic conditions.9 

Food reactivities are absent from fully healthy people who maintain immune tolerance and 

homeostasis and occur only in people who have lost healthy tolerance and self-rebalancing homeo-

stasis due to acquisition of dysbiosis, xenotoxins, or maldigestion.10 

Dysbiosis refers to unhealthful microbes in the intestinal tract.11 Clinically, a stool digestive 

analysis will reveal culturable organisms. The proportion, species, and antimicrobial sensitivity of 

culturable microbes can be assessed clinically with a stool digestive analysis. 

Xenotoxin burdens can disrupt digestion.12 Detergent and solvent residues disperse and disrupt 

digestive systems. Biocides and hormone disrupters inhibit receptors and enzyme systems. Toxic 

minerals are easily taken up in too many people, mostly those who are magnesium defi cient, mildly 

and signifi cantly metabolically acidotic, and defi cient in metallothionein. Together they make up the 

xenotoxins that are often involved in food reactivities yet are undetected until included in clinical 

evaluations.13 

Maldigestion is the failure to suffi ciently process food before it reaches the intestinal lumen. 

Digestion relies heavily on adequate mucins and secretory IgA to avoid absorbing immunoreac-

tive material across the permeable gut membrane and overloading the intestinal immune system.14 

Maldigestion promotes formation and absorption of the following promoters of ill health: 

Digestive remnants: immune reactive material introduced to the intestinal mucosal system • 

Lectins: food glycosides specifi cally activate lymphocytes or macrophages• 

Neuroimmunotoxic residue: pesticides, fumigants, or growth regulators• 

Oxidants such as sulfi tes used in food storage or processing• 

Intrinsic toxicants such as alkaloids, oxidized essential oils, or mutagens• 

Endotoxins such as immune response amplifi ers and pyrogens• 

Pathogen and parasite products such as cyclosporin-type immune response inhibitors pro-• 

duced by yeast and fungi that are induced by digestive remnants entering the colon

The importance of processing foreign antigens is refl ected in the largest part of the immune system 

in the submucosa of the digestive tract.15 While thought vestigial until recently, we now recognize 

that the Peyer’s patches are critical to maintaining homeostasis and tolerance.16 This mucosally 

associated lymphoid tissue and gut-associated lymphoid tissue are part of our primary defense 

against foreign invaders, including food digestive remnants.17 Since the immune system is highly 

amplifi ed, once the intestinal tract is sensitized with an initial large dose, subsequent tiny amounts 

of a compound can incite a large and clinically signifi cant response.18

TABLE 15.1
Ecologic Data and Characteristics of Food Reactivities

Type I Type II Type III Type IV Intolerance

Demographics Developed

countries

Global Developed 

countries

Global Global

Age of onset Any Adult Any Any Any

Gender F > M F > M F > M F > M M > F

Time to diagnosis <1 yr 2–5 yrs 4–8 yrs 3–6 yrs 2–4 yrs
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Maldigestion results in infl ammation that can be understood as cumulative repair defi cits. These 

repair defi cits accrue when we take in too little of any of the essential nutrients needed for healthy 

immune function. Immune system responsibilities include defense and repair. Human immune 

systems are particularly vulnerable to lack of protective antioxidants, buffering minerals, essen-

tial amino acids, essential fats, cofactors, or any needed factor that must be taken in through diet 

because internal manufacture does not occur or is not occurring. 

When lack of essential nutrients or excess of toxins occurs, immune cells shift from protective 

to survival mode. 

Repair defi cits launch a vicious cycle of catabolic illness, metabolic acidosis, and loss of 

homeostasis. The body cannibalizes itself due to impaired essential nutrients needed for healthy 

metabolism, usually due to metabolic stress or surgical causes. Metabolic acidosis ensues due to 

acid-forming diet choices or metabolic defects. Loss of homeostasis and neurohormonal rhythms 

ensues and leads to cortisol and DHEA imbalances. This can lead to attendant endogenous suppres-

sion of immune defense and repair responses.

Diet and nutrient defi cits along with nutrient depleting, free-radical oxidizing, and xenotoxin 

bioaccumulation result in maldigestion that predisposes one to food reactivities.19 Allergies, hyper-

sensitivities, and intolerances taken together are linked through complex, subtle, yet manageable 

mechanisms presented in Table 15.2 and below. 

TYPE I: ACUTE ALLERGY

Histaminic reactivities are seen with type I reactions. A food allergy occurs when the immune sys-

tem responds defensively to a partially digested food antigen.20 Dendritic, fi rst-line responder cells 

are designed to ingest and recycle any foreign antigen that transgresses a mucosal barrier.21 Once 

developed, the IgE antibodies are poised to react, releasing large amounts of histamine in an effort 

to expel the “foreign invader” from the body.22 Histamine is a powerful chemical that can affect 

the respiratory system, gastrointestinal tract, skin, or cardiovascular system.23 People with adap-

tive immune systems increase IgG4 antibodies to counterbalance IgE antibodies.24 People who are 

atopic do not increase IgG4 antibodies in response to IgE induction.25

TYPE II: DELAYED HYPERSENSITIVITY ANTIBODIES

Type II reactivities are characterized by complement fi xation. Lectins bind to various cells including 

erythrocytes and cells comprising the intestinal wall symptom, provoking antibody reactivities seen 

with type II reactions. In the absence of maldigestion, lectins were considered unlikely mediators 

of food allergies because they are broken down by food preparation and digestion. Food reactivites 

associated with anemia can be partially mediated by lectins that bind to erythrocytes, making them 

targets for IgG, killer cells, and subsequent destruction.

TYPE III: IMMUNE COMPLEXES

In type III reactivities, immune complexes, that is, IgM-anti-IgG-antigen complexes, provoke reac-

tions. In contrast to type I allergies where IgE binds to mast cells, in type III reactions IgM binds 

directly to food antigens and IgG against that antigen. These form immune complexes that circulate 

and can deposit in various tissues.

TYPE IV: DIRECT T-CELL RESPONSES

Type IV reactivities are T-cell mediated, delayed responses. In food reactivities macrophages engulf 

food allergens that they then process and present to T-cells. T-cells which have had prior contact 

with a sensitizing antigen and macrophages release cell-signaling interleukins, which induce the 

immune cascade leading to infl ammation and repair defi cits and to comorbid conditions. 
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FOOD INTOLERANCES: FUNCTIONAL CHANGES IN DIGESTIVE MECHANISMS

Food intolerances include dysbiosis due to unhealthful microfl ora in the gut, lactose intolerance due 

to lactase defi ciency, celiac disease, IgA defi ciency, sIgA defi ciency, and maldigestion leading to 

immunoreactive remnants. Also, oxidants link sulfi te, which increases antioxidant requirements.26 

Several protective molecules are lost due to stress, toxins, and failed nutrient-dependent epigenetic 

processes: 

Lactase defi ciency is responsible for lactose intolerance and other elective, inducible diges-• 

tive enzymes.27

Mucins trap toxins to prevent their reabsorption from the gut.• 28 

sIgA is a mucosal antibody designed to trap reactive food remnants to prevent them from • 

being absorbed and then burden immune defense and repair systems.29

Trophic opsonins such as mucin and nutrient production by probiotic fl ora refl ect the symbi-• 

otic relationship between the gut and host mucosal immune defense and repair systems.30

Metallothioneins are a magnesium- and zinc-rich Gly-Cys polypeptides that trap toxic • 

minerals in plasma, CSF, stool, and urine. Produced only in healthy, energetic cells, they 

are down-regulated or turned off during persisting stress, toxin overload, and essential 

nutrient defi cit.31

Food and nutrients have newly emerging roles in causation and perpetuation of food reactivities. 

The following are examples: 

Intake of foods and nutrients in excess or defi cit relative to individual essential • 

requirements32

TABLE 15.2
Classifi cation of Food Reactivities

Common Term Antibody 
Associated

Assay Synonyms

Type I Hives

Anaphylaxis

IgE RadioAllergoSorbed 

Technique;

IntraDermal Skin Tests

Reagin;

Ishizaka Antigen

Type II Delayed allergy IgM, IgA, IgG IgG ELISA/EIA;

Lymphocyte Response 

Assay by ELISA/ACT

Late phase

Delayed allergies

Type III Serum sickness IgM anti-IgG 

Antigen complex

Raji cell

Lymphocyte Response 

Assay

Immune complex 

diseases; Arteritis 

Type IV Thymus-derived helper 

1 / Thymus-derived 

helper 2 lymphocyte 

balance

T cell (IgD) Lymphocyte Response 

Assay; Memory 

Lymphocyte 

Immunostimulation 

Assay (MELISA®)

Schwartzman 

reaction

Arthus reaction

Intolerance Maldigestion 

Stress- or toxin-associated 

loss of protective 

molecules

Multiple 

mechanisms

Various digestive function 

tests; therapeutic dietary 

trials

Dysbiosis

Enteropathy

Host hospitality

Source: Modifi ed from [6].
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Epigenetic phenotypic modulation, especially during the pre-, neo-, and post-natal • 

period33

Impaired uptake, usually acquired due to enteropathy• 34

Medications that reduce healthy probiotic microfl ora• 35

Diets defi cient in fi ber content• 36

Occupational or environmental exposure to toxins that interrupt digestion• 37

Circadian disruption that leads to loss of restorative sleep• 38

Knowledge of the pathophysiology can help better direct disease management toward the underly-

ing causes of food reactivities in clinical practice.

IV. CELIAC DISEASE, SPECIAL CONSIDERATIONS

The following is a hypothetical case presentation of a patient with celiac disease and is intended as 

a teaching tool:

A 50-year-old Caucasian engineer father of two presented with complaints of “My get up and 
go got up and went; I just don’t have the energy to do what I want to do.” He experienced no 
prior problem with his energy, sleep, or mood level until about a year ago. His weight has been 
stable despite the 2500–3500 calories he says he eats daily. He reported no other complaints. 
His past medical and social history is noncontributory; he does not provide any pertinent family 
history of illness, particularly denying any family history of cancer. Physical examination reveals 
a well-developed individual with nothing out of the normal range except some slight conjunctival 
pallor. Laboratory examination reveals a signifi cant microcytic anemia and mild transaminitis. 
Three stool samples sent to assess for occult blood were negative. Despite this, he underwent a 
colonoscopic exam, which revealed a 3 mm sigmoid polyp, and an esophagogastroduodenos-
copy, which appeared normal, except for mild gastric erythema. Biopsies were taken from his 
gastric antrum and the mid-body, greater curve of his stomach, as well as from the normal-
appearing duodenal mucosa. The histologic appearance of the gastric biopsies was normal, but 
the duodenal biopsies revealed severe blunting of the villi, crypt hypertrophy, with lymphocytic 
infi ltration of the mucosa. The pathologist suggested that the fi ndings were consistent with celiac 
disease, a diagnosis that was confi rmed by a positive IgA tissue transglutaminase antibody. The 
patient continued to experience no gastrointestinal symptoms.

The variability and nonspecifi c nature of symptoms experienced by patients with celiac disease 

frequently lead to delayed and missed diagnoses of this increasingly common condition. As many 

as 85% of cases go undiagnosed and thus many patients are subject to comorbidity and mortal-

ity due to untreated disease. The biggest obstacle to diagnosing celiac disease is lack of clinical 

awareness. 

Described fi rst in 1888, celiac disease, also known as nontropical sprue or gluten-sensitive 

enteropathy, is an autoimmune infl ammatory condition mostly triggered by gliadin, a hard-to-digest 

component of gluten found in several different grains (wheat, barley, and rye). While most common 

among northern Europeans, it is found around the world and has a strong genetic predisposition. 

HLA types DQ2 and DQ8 are more at risk to develop the condition. In classic celiac disease, con-

tinued ingestion of gluten-containing products leads to mucosal infl ammation that often results in a 

syndrome of malabsorption with slowly progressive vitamin and mineral defi ciencies, weight loss, 

and diarrhea. Though malabsorption and diarrhea are classical features of celiac disease, this case 

illustrates that many patients report neither diarrhea nor constipation. 

A multitude of diverse extra-intestinal symptoms may dominate or complicate the clinical pic-

ture of celiac disease. Among these are neuropsychiatric disorders, iron-defi ciency anemia, arthri-

tis, osteoporosis, abnormal liver function tests, and infertility. Other autoimmune conditions are 

often concurrent. Type 1 diabetes mellitus, thyroid and liver disease, connective tissue diseases, 

and dermatitis herpetiformis are more common in celiac disease. The associated autoantibodies, 
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particularly anti-endomysial antibodies and anti-tissue transglutaminase antibodies, have been 

well studied and are increasingly reliable aids in screening for the condition. The gold standard 

remains small bowel biopsy where villous atrophy associated with intra-epithelial lymphocytes 

and crypt hyperplasia are prototypic. With the increased incidence of selective IgA defi ciency 

among patients with celiac disease, screening for IgA and salivary sIgA before serological testing 

for IgA anti-endomysial and IgA anti-tissue transglutaminase antibodies is recommended. The 

majority of patients improve symptomatically with meticulous removal of gluten from the diet. 

Avoiding even small amounts of antigen is important because the immune responses are highly 

amplifi ed.

In a study by Hin and colleagues, 2000 patients were prospectively studied upon referral for 

an endoscopic biopsy for suspicion of celiac disease.39 All patients had serology performed for 

anti-tissue transglutaminase (tTG antibodies) and underwent small bowel biopsy. Patients were 

classifi ed as high or low risk for celiac disease based on the presence or absence of any one of the 

following: 

 1. Weight loss

 2. Diarrhea or stool changes

 3. Anemia of unexplained etiology

In total 77 (~4% of 2000) cases of celiac disease were diagnosed.43 The sensitivity and negative pre-

dictive value of antibody testing alone was 90.9% and 99.6% respectively. The sensitivity and nega-

tive predictive value of the clinical decision tool was 100% and 100% respectively. The results of 

this study suggest that small bowel biopsy of patients with a positive serology or high-risk features 

will capture all cases of celiac disease, and biopsy can be safely deferred among those with negative 

serologies and the absence of high-risk features.

V. PHARMACOLOGY 

Medications can predispose to food reactivities by mechanisms beyond nutrient defi ciencies. 

Examples include

 1. Cyclooxygenase inhibitors are painkillers that contribute to maldigestion by preventing 

repair that depends upon cyclooxigenase enzymes.

 2. Antibiotics kill gut fl ora as collateral damage. When the gut’s health-promoting denizens 

are not replenished, the antibiotic assault leaves hospitality to pathogens or parasites.40 

Prebiotic and probiotic interventions can compensate for ensuing dysbiosis. 

 3. Histamine antagonists (H2 blockers) and proton pump inhibitors reduce stomach acid, with 

the untoward effects of impairing B12 absorption and digestive effi ciency.41 Betaine and 

l-histidine are digestive aides that promote healthy stomach acid balance to create the low 

pH where pepsin functions optimally and healthier protein digestion occurs.

VI. COMORBID CONDITIONS

“With more than two in three of the general population suffering from chronic ill-health conditions 

that have not fully responded to conventional therapies, there is a likelihood that [hidden] food allergy 

plays an etiologic role.”

Public Perception of Food Allergy, ACAAI working group, 1996.

Food reactivities are associated with a diverse group of comorbid conditions. These are pre-

sented in Table 15.3. Once the food reactivity is diagnosed and treated, the associated comorbidities 
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generally improve. Food reactivities underlie and complicate the management of most infl amma-

tory and autoimmune chronic illness.42

VII. PATIENT EVALUATION 

PATIENT HISTORY

Use of the medications and presence of the comorbidities described earlier in this chapter should 

direct attention to the presence of food reactivities, which are greatly underdiagnosed. The follow-

ing additional fi ndings also increase the probability of food reactivities.

Hypertension
Tyramines in cheeses are linked to hypertension, particularly in those patients on anti-hypertensive 

medications.43 This includes carefully modifying diet when medication complications are com-

monly induced by dietary substrates.

Lactose Intolerance
Lactose in dairy products is due to lactase enzyme electively produced in healthy digestive tracts. 

Enzyme production is down-regulated under oxidative stress or with nutritional compromise, sug-

gestive of an underlying repair defi cit.44 

TABLE 15.3
Comorbid Conditions Associated with Food Reactivities

Type I Type II Type III Type IV Intolerances

Rhinitis

Sinusitis

Asthma

Anaphylaxis

Mastocytosis

Anyphylactoid 

histaminic 

reactions

Celiac disease

Asthma

Celiac disease

Glomerulonephritis

Hyperthyroidism

Irritable bowel 

syndrome

Myasthenia gravis

Neutropenia

Pemphigus vulgaris

Pernicious anemia

Rhinitis

Sinusitis

Sjogen’s syndrome

Thyroiditis

Type 1 diabetes

Type 2 diabetes

Asthma

Bronchitis (allergic)

Celiac disease

Fibromyalgia

FICA

Glomerulonephritis

Hemolytic anemia

Hepatitis

Allergic infertility

Lupus (SLE)

Multiple sclerosis

Pemphigus vulgaris

Pneumonitis

Psoriasis

Rheumatoid Arthritis

Sjogren’s rhinitis sica 

syndrome

Thrombocytopenia 

ITP

Type 2 diabetes

Addison’s 

hypoadrenalism

Biliary cirrhosis

Celiac disease

Chronic fatigue

Connective tissue 

diseases

Enteropathy

Fibromyalgia

Hepatitis

Hyperthyroidism

Irritable bowel 

syndrome

Lupus

Pemphigus vulgaris

Pernicious anemia

Psoriasis

Rhinitis

Sinusitis

Sjogren’s syndrome

Thyroiditis, 

Hashimoto’s

Type 1 diabetes

Type 2 diabetes

Vitiligo

Dysbiosis

Lactose

Celiac disease

Gluten/gliadin

IgA defi ciency

sIgA defi ciency

Maldigestion

Oxidants 

(e.g., sulfi te)

Source: [1–4, 9–14].
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Low Stomach-Acid Production Secondary to Atrophy, Pharmacologic 
Interventions, or Other Causes
Hypochlorhydria interferes with protein digestion and reduces the stimulation of bicarbonate and 

digestive enzymes from the pancreas after the chyme passes from the stomach to the duodenum.45 

It leads to increased digestive remnants.

Cholecystectomy or Gallbladder Symptoms
Lipotropics as bile acids, released from the gall bladder and produced in the liver, are necessary for 

the uptake of lipids and fat-soluble vitamins by the body. Impaired gallbladder function can result in 

reduced and insuffi cient uptake of fat-soluble nutrients including vitamins A, D, and E.46

Type I Immediate Food Allergies
Type I immediate food allergies are diagnosed in childhood. Symptoms can include a tingling 

sensation of the mouth, swelling of the tongue and throat, hives, skin rashes, vomiting, abdominal 

cramps, diffi culty breathing, diarrhea, a drop in blood pressure, or even a loss of consciousness. 

Some individuals can develop a rash in areas that come in contact with foods. There are people 

who are so sensitive to food allergens that the odor of that particular food can cause a reaction.47 

Primarily eight foods cause over 90% of acute food allergies: milk, eggs, peanuts, wheat, soy, fi sh, 

shellfi sh, and tree nuts such as walnuts, cashews, and almonds.48

DIET MODIFICATION AS A DIAGNOSTIC TOOL

A food diary may help determine the foods that could trigger allergies. Eliminate all reactive foods 

and then add them back to your diet one at a time to see if they prompt any reaction after diges-

tive competence has been restored.49 See discussion of avoidance-provocation testing below. An 

accurate diet diary can be useful to identify nutrient density and diet idiosyncrasies. Accurate diet 

records are diffi cult to obtain in primary practice. People tend to record what they think is better 

more than accurately what they have eaten. A dietician can be effective in assisting patients with 

diet diaries.50

Elimination diets remove common reactors and slow-to-digest foods with antigens. The elimi-

nated foods tend to contain hard-to-digest antigens or endorphin-like molecules that infl uence gut 

and central nervous system functions. Typical foods to exclude on elimination diets are grains, cow 

dairy, chicken eggs, soy, chocolate, nightshade foods, and corn. By contrast, easy-to-digest foods 

are recommended. These include uncontaminated fruits and vegetables, pulses and herbs, sprouts 

and nut butters, along with several quarts daily of mineral-rich water.

Limitations of the elimination diet are that avoiding certain foods leads to a broader change 

in diet with fewer food additives and artifi cial sweeteners, and more whole foods. The ancillary 

changes may be the basis for improvement rather than the foods eliminated. Elimination diets can 

narrow food selection to the point that they can exacerbate underlying nutrient defi ciencies. Often 

several foods cause delayed reactivities, leading to a challenging interpretation of results.

For some individuals, careful avoidance of sulfi te, monosodium glutamate, and other food addi-

tives or preservatives in prepared foods is helpful.51 Therefore reading labels carefully and enlisting 

the assistance of a knowledgeable nutritionist can help to discover hidden sources of food allergens 

in the diet.52

LABORATORY TESTING (TABLE 15.4)

Type I Allergy Testing
In regard to client evaluation for acute (type I) allergies, there are two different approaches to test-

ing: blood and skin tests.53 RAST (radioallergosorbent test) is the blood test that compares with 
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properly performed intradermal skin tests (IDT).57 In the United States, 20% of acute allergy is 

tested by RAST while 80% of tests are performed using IDT. Outside the United States this propor-

tion reverses, with 80% of tests by RAST and the remaining 20% by IDT.54

Lymphocyte Response Assays 
Lymphocyte response assays (LRA) can be done ex vivo as the enzyme-linked immuno-sensitive 

antibody test (ELISA/ACT) or in vitro as the memory lymphocyte immunostimulation assay 

(MELISA®). These assays expose purifi ed antigens from the food or item being tested to cell-rich 

plasma containing functional lymphocytes. After a suitable incubation period the reactions are read. 

Nonreactive substances show no reaction. Reactive items induce mitogenic transformations that are 

measured to determine the result.55 Individualized tests for food sensitivities are available using 

lymphocyte response assays. Avoidance of one or more of these is often helpful in clinical manage-

ment of food reactivities.56

Biopsy
Biopsy in someone with food reactivities, including special studies, usually fi nds57

 1. Gross morphology is rarely revealing of the problem; hyperemia is commonly observed 

but not diagnostic.

TABLE 15.4
Laboratory Tests for Food Reactivities

Assessment/Diagnostic Test Specimen Reference Labs Comment/Note

Digestive stool analysis Stool Specialty stool & parasitology lab; 

ARUP Laboratories

3 + purged specimen for 

parasite detection

Conjugated toxins: 
Mercapturates, glucuronidies, 

hippurates, &

sulfi tes/sulfates

Urine Doctors Data, Inc. 

Mayo Clinic

24º specimen best

Lymphocyte response assays Whole blood ELISA/ACT Biotechnologies Lab; 

MELISA® Laboratories

Metabolic acidosis:
1st AM urine assessment

Urine Self-test; 1st AM urine

Stress hormones:
Free cortisol & DHEA 

at 4 times during day

Saliva or plasma Neurosciences Lab; 

Mayo Clinic

Free hormones are more 

predictive of outcome

Ascorbate antioxidant need: 
Ascorbate calibration protocol

Stool Self-test (stool); 

Quest Diagnostics

(Nichols Institute) (plasma 

ascorbate levels)

sIgA: mucosal immune 

defense

Saliva or Stool Neurosciences lab; ARUP 

Laboratories

See Mucosal Immunity 

by Strober et al. for 

details

Transglutaminase Serum Great Plains Laboratory; Quest 

Diagnostics (Nichols Institute)

Factor XIII; transligase

Small bowel biopsy for 

celiac enteropathy

Tissue Pathology lab Light & electron 

microscopy suggested

Source: [1–5, 9–18, 68–73].
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 2. Microscopic views often show mononuclear cellular infi ltrates, which suggests lympho-

cytes and dendritic cells are migrating to stimulate repair by recycling the tissue that needs 

to be repaired.

 3. Ultrastructure is often revealing of abnormalities although rarely is the specifi c cause 

identifi ed.

Predictive Tests
CT and MRI scans of the gut show increased water retention as shown in thickened intestinal walls. 

With treatment, diagnostic imaging tests improve, making them a useful monitoring tool. When 

comparing one person’s tests over time, more precise outcomes can be discerned.58

Transglutaminase and a Diagnostic Approach to Celiac Disease
Advances in immunology and screening have made celiac diagnosis more reliable.59 Since disease 

onset can be insidious and often presents with only subtle multisystem dysfunctions,60 developing 

a diagnostic approach such as that presented in Figure 15.1 can be helpful.61 Clinicians should con-

sider celiac disease in patients who present with confounding symptoms or paradoxic responses. 

In people with IgA or sIgA defi ciency, the risk of acquiring celiac enteropathy is substantially 

increased.62

Celiac disease onset in children manifests as failure to thrive with abdominal distention and 

steatorrhea with onset shortly after grain is introduced into the diet. Such textbook cases are rare 

today.63 Nausea and vomiting are more common in children. Subtle symptoms and signs can include 

unexplained edema, anemia, growth retardation, and/or defective tooth enamel. In older children, 

recurrent abdominal pain, fall in growth percentile, or iron defi ciency should suggest the possibility 

of celiac disease.64

Adults are more likely to have milder symptoms or evanescent symptoms. Comparing IBS symp-

toms and celiac disease, recent reports show 20% of celiac patients fulfi lled the Rome criteria for 

Possible Celiac Disease

High probability based on:
 History
 Lab tests

Low probability based on:
 History
 Lab tests

Refer to specialist
for small bowel biopsy

Test EMA (serum IgA) &/or
tTG antibodies (serum IgA)

Negative Reactive

Legend:
EMA, endomysial antibodies; tTG, tissue transglutaminase antibodies

Diagnosis
excluded

Refer to specialist
for small bowel biopsy

FIGURE 15.1 Celiac disease diagnosis: A fl ow chart. (Modifi ed from [63].)
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IBS, with small bowel biopsy recommended to confi rm and differentiate the diagnoses.65 While 

more study of this link is needed, it underscores the importance of considering celiac disease in 

patients with nonspecifi c gastrointestinal complaints.

VIII. TREATMENT 

DIET

Several diets and food patterns have been developed to treat food allergies. The diets presented here 

may be most suited to different individuals, based on factors such as food reactivity types, food 

preferences, and meal preparation. What the different diets have in common is that they reduce 

aberrant immune system reactivity.

The diet used primarily for type I, IgE-mediated food allergies acquired in childhood is avoiding 

any exposure to the food allergen. Often the avoidance needs to extend beyond food consumption 

and may involve not using the same cookware for preparing foods containing the food allergen.

The elimination diet previously described for its diagnostic usefulness can be used as a treatment 

approach. Gradually the foods that are eliminated are returned to the diet one at a time, while the 

patient logs symptoms in a food diary. A concern about chronic use of elimination diets is that it 

narrows food selection and can lead to further defi cits in nutrient needs.

Rotation diets strive to reduce symptoms to a useful endpoint in managing food reactivities.66 

Rotation diets are used in conjunction with nutritional strategies to treat the patient’s repair defi cit. 

Rotation diets may be helpful in patients who experience mild food reactivities with many differ-

ent foods. Using diet diaries or careful histories, meals are selected so that foods are eaten no more 

often than every 3 to 7 days. Some rotation diets avoid the food group or food family so that cross-

reactive antigens within food families can be avoided.67

Substitution diets replace reactive foods as determined by LRA tests, food provocation, or diet 

history. The goal is to substitute comprehensively for items found reactive, so as to prevent dietary 

imbalances or nutrient defi ciencies. The desired clinical endpoint is to restore digestive competence 

so that oral tolerance in the immune system is also restored. A typical program to achieve digestive 

restoration takes 6 to 12 months. Retesting every 6 months until delayed allergen reactions are no 

longer detected is part of the long-term treatment plan.68 This indicates that food is being digested 

to small enough units that what is taken up through the mucosa are not laden with immunoreac-

tive digestive remnants. Following a period of recovery and resetting of hypersensitivity responses, 

homeostasis and immune tolerance can be restored.69

The alkaline diet presented in Chapter 31, “Osteoporosis” is an evidence-based, sustainable diet 

designed to enhance or restore digestive competence. The alkaline diet is used as part of a compre-

hensive, integrative health promotion plan that meets all nutrient, fi ber, and dietary balance goals. 

The alkaline diet has a favorable glycemic index and encourages different cuisine choices based on 

preference while adhering to the principles of a more digestible diet.

NUTRIENT-SPECIFIC RECOMMENDATIONS TO COMPLEMENT DIET 

For most people supplements are needed because of low essential nutrient density of most avail-

able diet choices, however calorie-rich they may be.70 Specifi c nutrients have demonstrated roles in 

modulating infl ammation and improving maldigestion, two mechanisms which in a vicious-cycle 

fashion contributed to nutrient defi cits in the fi rst place.

 1. Omega-3/omega-6 essential fats become the communication prostaglandins and throm-

boxanes. They are both needed. We recommend supplementation primarily with omega-3 

fats such as EPA and DHA at 1 to 4 grams daily or with balanced combinations of EFAs for 

health maintenance and to improve treatment outcomes of all infl ammatory conditions.71
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 2. Enzyme-activating minerals also buffer metabolic acids, particularly magnesium. Blocks 

to magnesium uptake are common and can be overcome by concurrent intake of choline 

citrate, 1300 mg in water or juice to accompany 220 mg elemental magnesium as glycinate, 

ascorbate, and aspartate.72

 3. Antioxidants meet oxidative stress needs.73 Comprehensive, 40-component essential nutri-

ent supplements are available to form a platform of nutrient adequacy.74 Ascorbate is a 

substrate for many reactions, helps protect from oxidative stress, and sets cell oxidation-

reduction potential. Half-life and consumption rate for ascorbate are higher than for any 

other cell component. All metabolically active cells of the body concentrate ascorbate 

30-fold over plasma levels.75 Clinically, ascorbate needs can be determined by the ascor-

bate calibration protocol (Table 15.4) since ascorbate consumption rates vary widely across 

individuals.76

 4. Prebiotic fi bers can be supplemented as 80% soluble and 20% insoluble as found in unpro-

cessed whole grain complex carbohydrates. Healthful intake is 40 to 100 grams daily. 

Typically Americans consume 5 to 10 grams daily on a standard American diet.77

 5. Probiotic organisms replenish digestive organisms. Probiotics can be dosed at 5 to 40 

billion colony-forming units daily of multiple strains showing high activity in humans. 

Multiple strains of acidophilus, bifi dus, and thermophilus with high viability organisms 

are recommended. Active probiotics are usually kept cold during storage to prolong shelf 

life.78

 6. Detoxifi cation factors, from oxidative phosphorylation to conjugation, can be mea-

sured in the urine. Impaired detoxifi cation is a common comorbid condition for all food 

reactivities.79

 7. Coenzyme Q10, 60 to 600 mg/day in micellized rice bran oil for high uptake, facilitates 

energy production in the mitochondria.80 Enterocytes have a high turnover rate and their 

function and repair can be supported with coenzyme Q10.

 8. Structural joint repair components such as soluble glucosamines, chondroitins, and 

hyaluronates can be supplemented at 1500 mg one to four times daily.81 See Chapter 33, 

“Osteoarthritis.”

 9. Essential or conditionally essential aminoacids such as recycled l-glutamine plus Pyridoxyl-

Alpha-Ketoglutarate at 1.5 to 6 grams daily.82 This is clinically equivalent to 15 to 60 

grams daily of free l-glutamine. Glutamine is a principal energy source for intestinal and 

other cells with particularly high metabolism.83

TREATMENT CONSIDERATION WITH CELIAC DISEASE

The foundation of celiac treatment is avoidance of reactive antigens such as gluten and gliadin from 

all sources. Until recently, avoidance of gluten and symptomatic treatment provided the best avail-

able care. Recently, availability of comprehensive lymphocyte response assays that can determine the 

full range of delayed reactions have come into clinical practice. These are acquired due to digestive 

remnants transgressing the intestinal mucosa and, when host defense are depleted, entering the sys-

temic circulation. Proactive treatments that include comprehensive substitution for all reactive items 

along with a repair-inducing alkaline diet (Chapter 31, “Osteoporosis”), targeted supplementation, 

and behavioral actions aimed at evoking the human healing responses are now available in practice. 

This opens a new age in proactive treatment. The goal is to repair intestinal digestive competences, 

improve host immune defense and repair systems, and restore tolerance.1–5,60–72

IX. SUMMARY

This chapter reviews the multiple aspects and opportunities to more clearly understand food 

reactivities based on recent breakthroughs in understanding and practice. Food allergies, 
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hypersensitivities, and intolerances are common, contingent aspects of chronic diseases. Effective 

management of food reactivities results in better outcomes at lower cost due to addressing the 

causes rather than treating based on suppressing symptomatic consequences. However, food reac-

tivities remain vastly under-diagnosed and the underlying causes under-recognized and therefore 

under-treated. Advances in assessment and treatment of food reactivities allow us to achieve better 

outcomes and better quality of life at sustainable costs for our patients.
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16 Hypothyroidism

Optimizing Function with Nutrition

Sherri J. Tenpenny, D.O.

I. INTRODUCTION

The key nutritional needs of patients with hypothyroidism are iodine and selenium. The suffi cient 

daily intake of iodine ranges from 50 μg/day to more than 200 mg/day. Physicians may not be aware 

of recent changes in diet, lifestyle, the environment, and related medical conditions that predispose 

patients to suboptimal levels of iodine.

Population studies suggest that the prevalence of iodine defi ciency warrants increased clinical 

vigilance. The First National Health and Nutrition Examination Survey (NHANES I) performed 

between 1971 and 1974 found 2.6% of U.S. citizens were iodine defi cient (32 μg/L). NHANES III, 

conducted between 1988 and 1994, found 11.7% of those in the United States to be iodine defi cient 

(14.5 μg/L) and that women of childbearing age are disproportionately affected.1 The results from 

NHANES 2000 indicated the median urinary iodine level of the population 6 to 74 years of age 

was 16.1 μg/L.2

Currently an estimated 27 million Americans have known thyroid disease and many millions 

more are under-diagnosed and under-treated. The presence of goiter can represent a profoundly late 

stage of iodine defi ciency. Methods of early stages of detection are presented in this chapter, includ-

ing dietary and nutritional treatment strategies. Optimizing iodine status has health implications 

beyond thyroid function.

II. REVIEW OF THYROID PHYSIOLOGY

Thyroid hormones T4 and T3 demonstrate the essential role of dietary nutrients, particularly the 

halogen iodine. T3 is composed of the amino acid tyrosine and three molecules of iodine. T4 has an 

additional fourth iodine molecule.

Hormone synthesis begins with up-regulation of the sodium/I-symporter, located on the basal 

membrane of thyroid cells. Active transport is necessary because iodine must enter thyroglobulin 

against a concentration gradient. Once inside the thyroglobulin, inorganic iodide (I−) is oxidized 

by hydrogen peroxide into reactive iodine (I2). Each molecule of iodine is subsequently coupled 

to tyrosine though a multistep process catalyzed by thyroid peroxidase (TPO). The pre-hormones 

monoiodo-tyrosine (MIT) and diiodo-tyrosine (DIT) are stored in the follicular space of the thyroid 

gland until TPO combines MIT and DIT to form T3, and DIT and DIT to form T4. Lysosomes digest 

the thyroglobulin, releasing both hormones into circulation.

More than 99% of T4 and T3 travel through the body bound to serum proteins: thyroid binding 

globulin (TBG, 70%), albumin (15%), and transthyretin (10% to 15%). Homeostatic mechanisms 
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are designed to maintain normal serum-free hormone concentrations. Protein-bound hormones 

 contribute to this balance.

The iodinated tyrosines are responsible for the basal metabolic rate of most tissues in the body. 

Insuffi cient iodine and tyrosine from low intake of the foods listed in Table 16.1 can impair normal 

thyroid function. Tyrosine is manufactured in the liver from phenylalanine. The mental retardation 

that occurs with phenylketonuria may result in tyrosine defi ciency and defective thyroid hormone 

production. Iodine defi ciency is a known cause of goiter and congenital hypothyroidism with mental 

retardation.

III. DIAGNOSING HYPOTHYROIDISM

LABORATORY TESTING

In the 1970s, the TSH blood test became the gold standard for diagnosing thyroid problems and the 

normal range for the test has long been 0.5 to 5.5 mIU/L. Subclinical hypothyroidism is defi ned as 

a TSH > 4.0 mIU/L and a normal free T4 level.

There are several problems with using only the TSH to screen for hypothyroidism:

TSH has a diurnal variation and a pulsatile secretion; random samples can show a wide • 

variation.3

TABLE 16.1
Foods for Hypothyroidism

Meat/Dairy Source Vegetable/Fruit Source

Omega-3 fatty 
acids

Coldwater fi sh (salmon, cod, herring, 

mackerel, anchovies, sardines), 

grass-fed beef, fi sh oils, eggs

Flax seed (aka linseed), fl ax oil, krill oil, walnuts, canola, 

whole grains, legumes, green leafy vegetables, Acai 

palm fruit, kiwi fruit, black raspberries, wakame 

(sea vegetable)

Tyrosine Red meat, most fi sh and dairy products Almonds, avocado, banana, lima beans, pumpkin seeds, 

sesame seeds, wheat, oats 

Vitamin A Organ meats, herring Carrots, carrot juice, pumpkin, spinach, chard, collards, 

kale, turnip greens, winter squash, dandelion greens, 

mustard greens, red sweet pepper, Chinese cabbage, 

broccoli, broccoli rabe, bok choy, sweet potato, peas, 

parsley, acorn squash, yellow corn, brussels sprouts, 

apricots, cantaloupe, mango, watermelon, peaches, 

papaya 

Vitamin D Cod liver oil, salmon, mackerel, sardines, 

fortifi ed milk (100 IU), liver, eggs

Green leafy vegetables, fortifi ed cereals

Vitamin E Sardines, Atlantic herring, blue crab Almonds, sunfl ower seeds, saffl ower oil, hazelnuts, 

turnip greens, pine nuts, peanuts, peanut butter, tomato, 

wheat germ, avocado, carrot juice, olive oil, corn oil, 

peanut oil, spinach, dandelion greens, Brazil nuts

Zinc Grass-fed beef, crabmeat, oysters, lamb, 

pork, turkey, salmon, chicken, clams, 

lobster

Brown rice, spinach, beans, rye bread, whole wheat 

bread, lentils, lima beans, oatmeal, peas, baked potato

Selenium Dairy products, liver, coldwater fi sh, 

shellfi sh

Asparagus, broccoli, garlic, onions, mushrooms, grains, 

sea vegetables, Brazil nuts

Biologically
available iodine 

Fish (amounts variable between species), 

yogurt, cow’s milk, eggs, mozzarella 

cheese

Strawberries, dried fruit, molasses, sea vegetables (alaria, 

dulse, kelp, laver, sea lettuce, and bladderwrack)
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Individual variability and hormonal requirements are not considered.• 

TSH does not measure sensitivity of the TSH receptor.• 

TSH does not assess the functionality of the Na• +/I− symporter and TPO.

TSH is associated with central control of thyroid hormones but T3 conversion in local can • 

only be indirectly assessed.

TSH does not factor in tyrosine and iodine levels.• 

These are among the concerns that prompted the 2002 American Association of Clinical 

Endocrinologists (AACE) decision to revise the normal range for TSH to 0.3 to 3.0 mIU/L.4 The 

lower TSH is intended to identify thyroid hypofunction before it contributes to more serious condi-

tions as in the following evidence.5

A study of more than 1100 postmenopausal women found that the 0.8% with subclinical • 

hypothyroidism had a greater age-adjusted prevalence of aortic atherosclerosis and myo-

cardial infarction.6

In a study of 9403 women with singleton pregnancies, the 209 (2.2%) with TSH measure-• 

ments of 6 mIU/L or greater in the second trimester had a signifi cantly higher incidence 

of fetal death.7

Up to 10% of the 98 million Americans diagnosed with elevated cholesterol levels have • 

undiagnosed thyroid conditions.8 Normalization of thyroid function lowered total and 

LDL cholesterol concentrations; no impact on HDL or triglyceride concentrations was 

observed.9

Mild thyroid dysfunction worsens the symptoms and course of infl ammatory bowel • 

disease.10

Subclinical hypothyroidism can be the direct result of insuffi cient total body iodine. A TSH ≥ 2.0 mIU/L 

is an independent risk factor for developing overt hypothyroid disease at some point in the next 20 

years.11 The risk factor can be reduced when iodine is replenished. Iodine defi ciency can be over-

looked since L-thyroxine alone improves symptoms in 25% to 50% of patients with iodine-defi cient 

hypothyroidism.12

The over-reliance and misinterpretation of TSH leads to medical treatment of subclinical hypo-

thyroidism instead of recognizing that the pattern may represent suboptimal iodine and selenium in 

the diet.13

PHYSICAL EXAMINATION

Physical fi ndings should prompt diagnostic testing. Additionally, a TSH ≥ 2 suggests looking closely 

for any of the following fi ndings:

Hair to be dry, brittle, and thinning.• 

Outer third of the eyebrow missing.• 

Swelling or puffi ness under the eyes.• 

Thick and swollen tongue.• 

Rough, dry, and fl aky skin.• 

Nails that tend to be brittle and break easily.• 

Palpably enlarged thyroid gland.• 

Hands and feet that are cold to the touch.• 

Persistent constipation.• 

Slow pulse rate even though the patient is not a well-trained athlete.• 

Slow or absent recovery phase of Achilles refl exes. This clinical sign was used for years as • 

the diagnostic sign of hypothyroidism.
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BASAL BODY TEMPERATURE MEASUREMENT

Instructions for taking basal body temperatures are relatively easy. Menstruating women should take 

the basal temperature test for thyroid function on the fi rst through fourth day of menses, preferably 

beginning on the second day. Males, pre-pubertal girls, and postmenopausal or nonmenstruating 

women may take basal temperatures any day of the month. Women taking progesterone should not 

take the medication on the day before, and the day of, temperature taking.

Use an oral glass thermometer.• 

Shake the thermometer down before going to bed, and leave it on the bedside table within • 

easy reach.

Immediately upon awakening, and with as little movement as possible, place the thermom-• 

eter fi rmly in the armpit next to the skin.

Take temperature for 10 minutes with eyes open and lights on in the room. The presence of • 

bright, ambient light is important to suppress nocturnal melatonin.

Record the readings for three consecutive days.• 

If the average axillary temperature is below 97.8°F, the diagnosis of a low-functioning thyroid 

 system is likely. An average temperature between 97.8°F and 98.2°F is considered normal.

IV. GOITROGENIC FOODS TO AVOID IN HYPOTHYROIDISM

Goitrogens are naturally occurring substances that can interfere with thyroid function by blocking 

the activity of TPO. Isofl avones in legumes and soybeans are considered to be potent phytoestro-

gens and hormone disruptors and have goitrogenic effects. Soy isofl avones have a structural similar-

ity to 17β-estradiol. Actions that have been identifi ed include:

Activation of estrogen receptors• 

Stimulation of sex hormone-binding globulin• 

Reduction of bioavailable sex steroids• 

Irreversible inactivation of TPO, contributing to goiter, hypothyroidism, and autoimmune • 

thyroiditis14

In 1991, Japanese researchers reported that consumption of as little as 30 g (two tablespoons) of soy-

beans per day for 1 month resulted in a signifi cant increase in TSH. Diffuse goiter and  hypothyroidism 

appeared in some subjects and many complained of constipation, fatigue, and lethargy.15

In 2002, two researchers from the FDA’s National Center for Toxicological Research, Daniel 

Sheehan, Ph.D., and Daniel Doerge, Ph.D., published warnings on the goitrogenic and estrogenic 

properties of soy isofl avones.16 These offi cials opposed soy health claims over concerns that isofl a-

vones demonstrated toxicity to the thyroid.”17 Doerge warned that TPO could be irreversibly dam-

aged from soy supplements and soy foods.18

Evaluating medical literature about soy is complex. Soy foods are divided into three categories: 

genetically modifi ed, fermented, and nonfermented. Most research does not identify which soy was 

used during the trial. Up to 89% of soybeans grown in the United States are genetically modifi ed 
(GM) and approximately 60% of processed foods contain GM soy as fi ller or oil. Much has been 

written by concerned scientists on the health problems associated with GM soy. Nonfermented soy 
foods include green and dry soybeans, soy nuts, soy sprouts, soymilk, and soymilk products tofu, 

okara, and yuba. Nonfermented soy contains trypsin inhibitors, which can affect protein digestibil-

ity, and phytates. Phytates can inhibit the absorption of calcium, magnesium copper, iron, and most 

importantly, zinc. Cooking reduces, but does not eliminate, these compounds. Fermented soy foods 

include tempeh, miso, soy sauces (shoyu), natto, and fermented tofu and some soymilk products. The 

fermentation process, which can take up to 2 years, mitigates the effects of proteases and phytates.
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Iodine defi ciency increases the antithyroid effects of soy. Incubation of isofl avones with TPO in 

the presence of H2O2 causes irreversible inactivation of the enzyme; the presence of iodide blocks the 

inactivation.19 While occasional consumption of tofu and other soy products is not problematic, the 

overall effect of soy on the thyroid function is dependent upon iodine status. For example, Asians 

may be protected from the adverse effects of soy by the cultural consumption of large quantities of 

iodine-containing sea vegetables and fi sh.

In the mid-1960s, iodine-supplemented infant soy formulas were introduced by commer-

cial manufacturers. Children have demonstrated plasma phytoestrogen concentrations up to 

7000 nm/L compared to an average of 744 nm/L in adult Japanese women.20 Infant plasma 

concentrations of isofl avones in soy formulas were 13,000 to 22,000 times higher than endog-

enous estrogen concentrations.21 While small studies report no statistically signifi cant differ-

ences between soy-fed versus cow’s-milk-fed infants,22 large-scale, longitudinal studies have 

not been done. Additional cautions with soy formulas are advised in children with congenital 

hypothyroidism.23

Cruciferous vegetables are potentially goitrogenic foods. Crucifers classifi ed as thiogluco-

sides belong to the Brassica family and include broccoli, caulifl ower, brussels sprouts, cabbage, 

mustard, rutabagas, kohlrabi, and turnips. Cyanoglucosides are also goitrogens and include cas-

sava (manioc), maize, bamboo shoots, sweet potatoes, and lima beans. After ingestion, both 

groups release cyanide, which converts to thiocyanate, a powerful goitrogenic substance with the 

same molecular size as iodine. Thiocyanate inhibits TPO, which blocks accumulation of iodide 

and prevents iodination of tyrosine. The determining factor involved in the goitrogenic action of 

these foods is the presence of adequate dietary iodine.24

Cooking inactivates most goitrogenic compounds found in cruciferous vegetables. 

Two to three servings of cruciferous vegetables per week are well tolerated by individuals with 

hypothyroidism. Adding sea vegetables to the diet may also counteract goiterogens from crucifers 

and soy.

V. FOODS THAT SUPPORT THYROID FUNCTION

When subclinical hypothyroidism is identifi ed in asymptomatic patients, fi rst remove goitrogenic 

foods and increase thyroid-supportive foods, particularly those high in iodine and selenium.

Mild thyroid enlargement occurs due to the need for iodine trapping. There is less iodine in goi-

terous tissue than normal tissue. Therefore hypothyroidism and the development of goiter correlate 

with low iodine states. The effective treatment of patients with endemic goiter with iodine alone is 

convincing. According to the AACE, several vitamins and nutrients have been shown to be benefi -

cial for improving thyroid function (see Table 16.1).

IODINE

Iodine was fi rst discovered in the 1800s as a residue from burning seaweed. In 1920, the administra-

tion of a small amount of iodinated salt prevented the development of goiters in schoolchildren in 

Akron, Ohio. Iodinated salt has been used throughout the United States since 1924.

Iodine defi ciency is a global problem including in the United States where body iodine stores in 

the population appear to be trending downward. Potential factors are presented in Table 16.2.

Approximately 150 μg of iodine per day is suffi cient to prevent goiter. Unfortunately, the total 

body RDA for iodine remains unknown, even though substantial amounts of iodine are necessary 

for the health of other organs. Peroxidase and symporter activity incorporates iodide into salivary 

glands, gastric mucosa, ovaries, thymus, joints, the choroid plexus, and the ciliary body of the eye. 

Both lactating and nonlactating25 mammary tissue accumulates iodine. The amount of iodine neces-

sary to protect the breasts from fi brocystic disease and cancer is 20 to 40 times more than is needed 

to prevent goiter, or as much as 6000 μg/day.26
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A false sense of security exists over iodized salt as an adequate iodine source because:

The amount of iodine added during the iodization process is variable.• 

Large amounts of iodine are lost by incomplete binding due to salt impurities.• 

Displacement and loose chemical binding are due to another halogen, chloride.• 

There is uneven distribution within salt batches and between individual packages.• 

Containers left open can lose 10% to 100% of iodine, especially in humid environments.• 27

In 1948, Wolff and Chaikoff published a landmark paper28 on the thyroid effect of increasing 

amounts of potassium iodide injected intraperitoneally in rats. The authors stated, “Organic binding 

of iodine within the thyroid gland can be almost completely blocked by raising the level of plasma 

inorganic iodine above a certain critical level, which for the rat amounts to about 20 to 35 percent.” 

This became known as the Wolff-Chaikoff (W-C) effect. When extrapolated to humans, excess 

iodine became defi ned as more than 200 μg/day, or slightly above the amount necessary to prevent 

the development of a goiter. The W-C effect is the most cited for limiting or avoiding iodine intake.

However, the following year, Wolff and Chaikoff reported that the maximum duration of the 

inhibitory effect of iodine was about 50 hours. Within 2 days, even in the presence of continued high 

plasma iodide, an “escape,” or adaptation, occurs and normal hormone biosynthesis resumes.29 This 

fi nding was reconfi rmed by Braverman in 1963.30

Maternal Low Iodine
In the NHANES III, 14.9% of women of childbearing age had low urinary iodine concentration 

compared to 11.7% of the general population.31 If pregnancy reduces maternal iodine stores, the 

depletion confers iodine defi ciency to the fetus and more than thyroid function is compromised. A 

suffi cient supply of iodine is essential for normal fetal brain development, and defi ciency may result 

in mental retardation. In adults, iodine defi ciency can be associated with apathy, depression, and 

reduced mental function due to cerebral hypothyroidism. The brain makes its own T3 as peripheral 

T3 does not cross the blood-brain barrier.32

Iodine Defi ciency and Hyperthyroidism
One consequence of longstanding iodine defi ciency can be the development of hyperthyroidism, 

especially in multinodular goiters with autonomous nodules. Longstanding iodine defi ciency leads 

TABLE 16.2
Factors That Reduce Body Iodine Stores
Cause for Iodine Defi ciency Reason

Decreased salt consumption Concerns over hypertension

Decreased egg consumption Concerns over cholesterol

Decreased fi sh consumption Dislike of food; concerns over mercury

Decreased iodine in milk Changes in dairy industry

Removal of iodine from bread products Commercial bread production replacement of iodine 

with potassium bromate 

Minimal access to sea vegetables Unaware or no access to the food; dislike of food

Soil iodine depletion Accelerated deforestation and soil erosion

Heavy daily sweating through athletic training38 May be part of a physician-prescribed fi tness program

Frequent use of saunas and steam rooms39 Sweat loss can range from 11.6 to 99.8 μg for 1 hour 

of heavy sweating during activity

Chronic infl ammatory bowel disease40  Decreased absorption; see Chapter 14, “Infl ammatory Bowel Disease”
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to thyroid hyperplasia and an altered pattern of thyroid hormone production. Preferential production 

is shunted toward the release of T3 over T4. Synthesis of T3 requires 25% less iodine even though 

the hormone possesses about four times the metabolic potency of T4. The shift toward T3 is an 

adaptation and survival response.

An inverse relationship exists between iodine supply and thyroidal uptake of iodide. The more 

iodine defi cient a person is, the faster the gland uptakes iodine. This offers an explanation why sud-

den increases in iodine, such as radioisotope infusions during medical testing, have been reported 

to cause hyperthyroid crisis. According to Delange, iodine-induced hyperthyroidism is an iodine 

defi ciency disease.33

Can iodine tablets recommended for travel medicine induce hyperthyroidism? Iodine is  frequently 

recommended as a simple, cost-effi cient means to disinfect water during travel or work in areas 

where municipal water is not reliable. The generally recommended 2 mg/day dose for a maximum 

of 3 weeks maximum does not have a fi rm basis. An occasional unmasking of underlying thyroid 

disease can occur; however, most people can use iodine for water treatment in excess of recom-

mended daily dietary consumption over a prolonged period without concern.34 Iodine-treated water 

has a foul taste. It has been reported that adding one teaspoon of activated charcoal per liter of water 

will remove most of the taste.

Radiation and Iodine
Epidemiological studies obtained after the Chernobyl reactor accident in 1986 provide the best-

 documented example of massive radiation exposure in a large number of people. Approximately 

4 years after the accident, a sharp increase in the number of thyroid cancers emerged. In countries 

where adults received immediate doses of potassium iodide (KI) at 70 mg/kg, the incidence of can-

cer was substantially less. Transient thyroid symptoms, including hypo- and hyperthyroidism, were 

managed medically. The protective effect of KI lasts approximately 24 hours and optimal prophy-

laxis should be continued daily, throughout the period of exposure risk.35

Testing for Iodine Defi ciency
The kidneys excrete approximately 90% of unused iodine. Therefore, the best diagnostic test is a 

24-hour urine iodine collection. If 24-hour urine collection is not practical or feasible, a random 

urine iodine-to-creatinine ratio can be used and interpreted as in Table 16.3. This test is generally 

used in population-based studies and should be considered an estimate of defi ciency. No test can 

reliably diagnose iodine defi ciency in individual patients.

High Iodine Foods
The Institute of Medicine (IOM) recommended dietary allowance (RDA) is 150 μg/day of iodine for 

adults and adolescents, 220 μg/day for pregnant women, 290 μg/day for lactating women, and 90 to 

120 μg/day for children ages 1 to 11 years. Two grams of iodized salt (about ½ teaspoon) provides 

approximately 150 μg of iodine.

The best source of iodine is whole foods. Forms of edible kelp, also known as sea vegetables, contain 

the highest concentrations of iodine of all foods. Sea vegetables can be obtained in health food stores, 

Asian groceries, and through the Internet from high-quality manufacturers who assure the plants are 

harvested from clean waters (see Table 16.4). Multivitamins may contain iodine, usually in the amount 

of less than 150 μg. Drinking water is generally not a signifi cant source of ionized iodine.

TABLE 16.3
Iodine Testing
Iodine Defi ciency None Mild Moderate Severe

Spot urine iodine, μg/L >100 50–99 20–49 <20
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SELENIUM

Selenium defi ciency may have profound effects on thyroid hormone metabolism and possibly on 

the thyroid gland itself. Type I deiodinase, a selenium-dependent enzyme, plays a major role in T4 

deiodination in peripheral tissues. When iodine and selenium are both defi cient and only selenium 

is supplemented, as in multivitamins or excess selenium-containing foods, serum T4 decreases. 

Therefore, adding selenium in the presence of iodine defi ciency can lead to clinical hypothyroidism 

with lowered T4 and increased TSH.

Selenium defi ciency reduces the function of the selenium-dependent enzyme glutathione peroxi-

dase. Glutathione peroxidase detoxifi es H2O2, the oxidant used by TPO to produce MIT and DIT. 

In the absence of selenium, H2O2 accumulates within the thyroglobin and can lead to thyroid cell 

death. The accumulation may contribute to Hashimoto’s thyroiditis and may explain why selenium 

has been reported to signifi cantly improve this condition.36,37

TABLE 16.4
Sea Vegetables and Iodine Content
Sea Vegetable How Provided How Used Amount of Iodine 

in a Serving
Amount Needed to 
Provide 150 μg/day

Sea Salt Formed from evaporation 

of ocean water. 

Contains trace minerals. 

Unlike salt mined from 

land sources, sea salt 

does not contain added 

sugar.

Beyond food, sea salt is also 

used in cosmetics, 

deodorants, antiperspirants 

and other skin care 

products.

0.065 mg per 1 gram About 1⁄2 teaspoon

Dulce Can be powdered in a 

condiment, used in 

chunks for cooking. 

Plain food source. Used in 

soups and stews. Chewy 

texture when cooked. 

Often included in packaged 

foods as a thickener or 

stretcher.

0.135 mg per 1 g About 1⁄5 teaspoon

Whole leaf 

kelp

There are many different 

types of kelp, 

constituting around 

30 genera.

Used as a fl avoring, a 

garnish, a vegetable, or a 

snack food. Dried sheets 

used to wrap sushi and 

other foods such as broth. 

0.450 mg per 1 g About 1⁄10 teaspoon

Nori Type of edible red algae. 

Dried into thin sheets.

Wrap for sushi, edible 

garnish, fl avoring in 

noodles and soups.

40 μg per sheet 4 sheets

Kombu Edible kelp from China, 

Korea, and Japan. Comes 

as green, thick strips.

Soup stock, eaten fresh as 

sashimi

1450 μg per 1-inch 

piece

1⁄10 inch

Wakame Edible kelp from China, 

Korea, and Japan. 

Green leaves, sweet 

fl avor, slippery texture.

Miso soup, salads, served 

alone like a cucumber. 

High in calcium, thiamine, 

niacin, vitamin B12, and 

omega-3 essential fatty 

acids

82 μg/tablespoon 2 tablespoons

Arame Edible kelp from China, 

Korea, and Japan. 

Brown strands, mild 

fl avor, fi rm texture.

Soups, muffi ns, rice dishes. 

High in iron and calcium.

732 μg/tablespoon 1⁄2 teaspoon
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NUTRIENT REPLETION PLAN

The signifi cance and duration of iodine defi ciency in each person are unknown. Reintroduction 

of high-iodine foods needs to begin slowly. Add one or two teaspoons of sea vegetables per week. 

Always couple high-iodine foods with high-selenium foods listed in Table 16.1. Monitor patient’s 

TSH every 8 weeks. Thyroid medication dosages may need to be adjusted up or down, based on 

laboratory assessment and clinical assessment. Dietary interventions can sometimes be suffi cient to 

restore normal thyroid function.

VI. SUMMARY

TSH and free T4 should not be the only parameters for assessing hypothyroidism.• 

A biochemical picture of a mildly elevated serum TSH, normal serum T4 and T3 is called • 

subclinical hypothyroidism and deserves assessment for low iodine.

Patients who complain of hypothyroid symptoms may benefi t from dietary recommenda-• 

tions that increase iodine, selenium, and other nutrients prior to treating with medication.

Asymptomatic patients with new onset TSH elevation should have soy removed from their • 

diet fi rst before additional tests are recommended.

Iodine defi ciency can lead to development of goiter, hypo-, and/or hyperthyroidism.• 

Hypothyroidism can worsen in the presence of selenium defi ciency.• 

REFERENCES

 1. Hollowell JG, et al., Iodine excretion data from NHANES I and NHANES III. J Clin Endocrinol and 
Metab. 1998; 88:3401–3410.

 2. National Center for Health Statistics, “Iodine level, United States.” 2000. http://www.cdc.gov/nchs/

products/pubs/pubd/hestats/iodine.htm. 

 3. Weeke J, Gundersen HJ, Circadian and 30 minute variations in serum TSH and thyroid hormones in 

normal subjects. Acta Endocrinol. 1978; 89:659–672.

 4. Baskin HJ, et al., American Association of Clinical Endocrinologists Medical Guidelines for Clinical 

Practice for the Evaluation and Treatment of Hyperthyroidism and Hypothyroidism. Endocrine Practice. 
2002; 8(6):457–469.

 5. Crapo LM, Subclinical hypothyroidism and cardiovascular disease. Arch Intern Med. 2005 Nov 28; 

165(21):2451–2452.

 6. Hak AE, et al., Subclinical hypothyroidism is an independent risk factor for atherosclerosis and  myocardial 

infarction in elderly women: the Rotterdam Study. Ann Intern Med. 2000 Feb 15; 132(4):270–278.

 7. Allan WC, et al., Maternal thyroid defi ciency and pregnancy complications: implications for population 

screening. J Med Screen. 2000; 7(3):127–130.

 8. Michalopoulou G, Alevizaki M, Piperingos G, et al., High serum cholesterol levels in persons 

with ‘high normal’ TSH levels: should one extend the defi nition of subclinical hypothyroidism. Eur 
J Endocrinol. 1998; 138:141–145.

 9. Danese MD, et al., Clinical review 115: effect of thyroxine therapy on serum lipoproteins in patients 

with mild thyroid failure: a quantitative review of the literature. J Clin Endocrinol Metab. 2000 Sep; 

85(9):2993–3001.

 10. Shah SA et al., Autoimmune (Hashimoto’s) thyroiditis associated with Crohn’s disease. J Clin Gastro. 
March 1998; 26(2):117–120. 

 11. Vanderpump MP, Tunbridge WM, French JM, Appleton D, Bates D, Clark F, Grimley Evans J, Hasan 

DM, Rodgers H, Tunbridge F, et al., The incidence of thyroid disorders in the community: a twenty-year 

follow-up of the Whickham Survey. Clin Endocrinol (Oxf). 1995 Jul; 43(1):55–68.

 12. Cooper DS, et al., L-Thyroxine therapy in subclinical hypothyroidism. A double-blind, placebo- controlled 

trial. Ann Intern Med. 1984 Jul; 101(1):18–24.

 13. Mastorakos G, Nezi M, Papadopoulos C, The Iodine Defi ciency Disorders, Chapter 20, pages 23–24.

 14. Divi RL, Chang HC, Doerge DR. Anti-thyroid isofl avones from soybean: isolation, characterization, and 

mechanisms of action. Biochem Pharmacol. 1997 Nov 15; 54(10):1087–1096.

 15. Ishizuki Y, Hirooka Y, Murata Y, Togashi K, The effects on the thyroid gland of soybeans administered 

experimentally in healthy subjects. Nippon Naibunpi Gakkai Zasshi. 1991 May 20; 67(5):622–629.

TAF-67621-08-0801-C016.indd   267TAF-67621-08-0801-C016.indd   267 12/19/08   7:35:57 PM12/19/08   7:35:57 PM



268 Food and Nutrients in Disease Management

 16. Doerge DR, Inactivation of thryoid peroxidase by genistein and daidzein in vitro and in vivo; mechanism 

for anti-thyroid activity of soy, presented at the November 1999 Soy Symposium in Washington, DC. 

National Center for Toxicological Research, Jefferson, AR, 72029 

 17. Sheehan D, Doerge D, “Scientists protest soy approval.” Posted on ABC.com website. http://www.

wellnesswithin.com/articles/ScientistsProtestSoy.pdf.

 18. Doerge DR, Sheehan DM, Goitrogenic and estrogenic activity of soy isofl avones. Environ Health 
Perspect. 2002 Jun; 110 Suppl 3:349–353.

 19. Divi RL, Chang HC, Doerge DR, Anti-thyroid isofl avones from soybean: isolation, characterization, and 

mechanisms of action. Biochem Pharmacol. 1997 Nov 15; 54(10):1087–1096.

 20. Badger TM, et al., The health consequences of early soy consumption. J. Nutr. 132: 559S–565S.

 21. Setchell KD, et al., Exposure of infants to phyto-oestrogens from soy-based infant formula. Lancet. 
350:23–27.

 22. Strom BL, et al., Exposure to soy-based formula in infancy and endocrinological and reproductive out-

comes in young adulthood. JAMA. 286:807–814.

 23. Conrad SC, Chiu H, Silverman BL, Soy formula complicates management of congenital hypothyroidism. 

Arch Dis Child. 2004 Jan; 89(1):37–40.

 24. Wollman SH, Inhibition by thiocyanate of accumulation of radioiodine by thyroid gland. Am J of Physiol. 
203, 517–524.

 25. Strum JM, Phelps PC, McAtee MM, Resting human female breast tissue produces iodinated proteins. 

J Ultrastruc Res. 84:130–139.

 26. Ghent W, Iodine replacement in fi brocystic disease of the breast. Can J Surg. 36:453–460.

 27. Iodine Defi ciency Diseases WHO Manual. http://www.sph.emory.edu/PAMM/IDD/whomanual/factors.pdf.

 28. Wolff J, Chaikoff IL, Plasma inorganic iodide as a homeostatic regulator of thyroid function. J Biol 
Chem. 174:555–564.

 29. Wolff J, Chaikoff IL, Goldberg RC, Meier JC, The temporary nature of the inhibitory action of excess 

iodide on organic iodide synthesis in the normal thyroid. Endocrinology. 45:504.

 30. Braverman LE, Ingbar SH, Changes in thyroidal function during adaptation to large doses of iodide. 

J Clin Invest. 1963 August; 42(8):1216–1231.

 31. Hollowell JG, et al., Iodine excretion data from NHANES I and NHANES III. J Clin Endocrinol and 
Metab. 1998; 88:3401–3410.

 32. Leonard JL, Koehrle J. 2000. Intracellular pathways of iodothyronine metabolism. In The thryoid: A 
fundamental and clinical text, 8th ed., 147. Philadelphia: Lippincott Williams & Wilkins.

 33. Delange FM. 2000. Iodine defi ciency. In The thyroid: A fundamental and clinical text, 8th ed., 312. 

Philadelphia: Lippincott Williams & Wilkins.

 34. Backer H, Hollowell J, Use of iodine for water disinfection: iodine toxicity and maximum recommended 

dose. Environ Health Perspect. 2000 August; 108(8):679–684.

 35. Department of Health and Human Services, FDA CDER, “Guidance potassium iodide as a thyroid block-

ing agent in radiation emergencies. http://www.dfa.gov/cder/guidance/index.htm.

 36. Duntas LH, Mantzou E, Koutras DA, Effects of a six month treatment with selenomethionine in patients 

with autoimmune thyroiditis. Eur J Endocrinol. 2003 Apr; 148(4):389–393.

 37. Mazokopakis EE, et al., Effects of 12 months treatment with L-selenomethionine on serum anti-TPO 

levels in patients with Hashimoto’s thyroiditis. Thyroid. 2007 Jul; 17(7):609–612.

 38. Smyth PP, Duntas LH, Iodine uptake and loss––Can frequent strenuous exercise induce iodine defi ciency? 

Horm Metab Res. 2005 Sep; 37(9):555–558.

 39. Mao IF, Chen ML, Ko YC, Electrolyte loss in sweat and iodine defi ciency in a hot environment. Arch 
Environ Health. 2001 May–Jun; 56(3):271–277.

 40. Järnerot G, The thyroid in ulcerative colitis and Crohn’s disease. I. Thyroid radioiodide uptake and 

 urinary iodine excretion. Acta Med Scand. 1975 Jan–Feb; 197(1–2):77–81.

TAF-67621-08-0801-C016.indd   268TAF-67621-08-0801-C016.indd   268 12/19/08   7:35:57 PM12/19/08   7:35:57 PM



269

17 Hyperparathyroidisms

Michael F. Holick, M.D., Ph.D.

I. INTRODUCTION

Parathyroid hormone (PTH) is essential for maintaining calcium homeostasis.1–8 It accomplishes 

this by regulating calcium mobilization from the skeleton, controlling calcium excretion in the kid-

neys, and stimulating the kidneys to activate vitamin D. Hyperparathyroidism is a consequence of 

the excess production of PTH by the parathyroid glands. This can be caused by a benign or malig-

nant tumor in the parathyroid gland(s), or stimulation of the parathyroid glands by vitamin D defi -

ciency, hypocalcemia, or hyperphosphatemia. The consequences of hyperparathyroidism include 

hypercalciuria, hypercalcemia, hypophosphatemia, osteopenia/osteoporosis, osteomalacia, and 

kidney stones.1–7 The major causes of hyperparathyroidism are a benign adenoma in a parathyroid 

gland causing primary hyperparathyroidism, and vitamin D defi ciency and chronic kidney disease 

(CKD) causing secondary hyperparathyroidism.1–5

II. PARATHYROID PHYSIOLOGY

The Chief cells in the parathyroid glands produce PTH. The calcium sensor (calcium receptor, CaR) 

in the plasma membrane of the Chief cells is constantly monitoring blood ionized calcium levels.4–6 

In response to a decrease in serum ionized calcium, there is an immediate increase in the receptor 

activity leading to signal transduction resulting in the stimulation of nuclear expression of the PTH 

mRNA, which increases the transcription and translation for PTH.2,6 PTH is transcribed into a 115 

amino acid peptide often called the prepro form.2,6 It undergoes posttranslational modifi cation to 

the 84 amino acid PTH and is then incorporated into secretionary granules that release PTH into 

the circulation. The fi rst 34 amino acids in the N-terminal region of PTH are responsible for most if 

not all of the calcium regulating properties of PTH.2,6 PTH interacts with its receptor PTH receptor 

1 (PTHR-1) in the kidneys, which stimulates proximal and distal tubular reabsorption of calcium 

from the ultrafi ltrate and decreases tubular reabsorption of phosphorus (Figure 17.1). PTH inter-

acts with its receptor on the osteoblasts to increase the expression of RANKL (receptor activator 

of NFκB ligand).8 RANKL, which is on the plasma membrane of the osteoblast, interacts with its 

receptor RANK present on the monocytic precursor of the osteoclast and stimulates it to become a 

mature osteoclast to mobilize calcium from the skeleton (Figure 17.2).

PTH enhances the renal adenylate cyclase to increase cAMP for inducing signal transduction in 

the renal tubular cell. This results in an increase in urinary levels of cAMP. PTH also stimulates 

the kidneys to convert 25-hydroxyvitamin D [25(OH)D] to its active form 1,25-dihydroxyvitamin 

D [1,25(OH)2D].3,10 1,25(OH)2D interacts with its nuclear receptor (VDR) in the small intestine to 

increase the effi ciency of intestinal calcium absorption. Thus, PTH indirectly is responsible for 

enhancing intestinal calcium absorption to help maintain serum calcium levels within the normal 

physiologic range of 8.6 to 10.2 mg%.3,10
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The CaR that is present in the parathyroid glands is a seven transmembrane receptor.4, 6 Unlike 

most receptors, where binding its ligand stimulates receptor activity and signal transduction, the 

CaR works in an opposite manner: The less calcium binding to the CaR the more active the CaR is 

in enhancing signal transduction for stimulating the parathyroid cell to produce PTH (Figure 17.3).

MAGNESIUM AND PARATHYROID FUNCTION AND ACTIVITY

Magnesium plays a major role in parathyroid function.12 The CaR recognizes magnesium. If the 

magnesium is elevated, it will shut down the production of PTH similar to high serum calcium 

(Figure 17.3). However, more important is that hypomagnesemia leads to a marked decrease in the 

production and secretion of PTH and also prevents PTH from acting on the skeleton13 (Figure 17.3). 

As a result, hypomagnesemia causes functional hypoparathyroidism, that is, the parathyroid glands 

cannot increase the production of PTH and the PTH that is made is unable to carry out its physi-

ologic functions on both the skeleton and in the kidneys.12 Alcohol causes magnesium loss into the 
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FIGURE 17.1 The physiologic functions of parathyroid hormone (PTH) on calcium phosphorus and vitamin D 

metabolism. The consequences of vitamin D defi ciency and chronic kidney disease (CKD) on PTH level and its 

effects on calcium and phosphorus metabolism are schematically presented. (From [11]. With permission.)
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urine. Alcoholics who present to an emergency room with seizure, carpal pedal spasms, and severe 

hypocalcemia are also severely magnesium defi cient. Thus, repleting the calcium as well as the 

magnesium defi cits are important in restoring calcium metabolism. Most magnesium is intracel-

lular, and, thus, a serum magnesium level does not provide any insight into the magnesium status of 

an individual. The only method to determine whether patients are magnesium defi cient or suffi cient 

is to give them a loading dose of 1 gram of magnesium oxide and then to collect the 24 hour urine 

magnesium. If magnesium is spilled into the urine, then the magnesium tank is likely to be full and 

the magnesium status normal. However, if there is very little magnesium excreted into the urine, 

then there is a magnesium defi cit even if the serum magnesium is normal. This is the reason why it is 

often advertised that it is necessary to take magnesium with calcium in order to maximize calcium 

absorption. Magnesium has no direct infl uence on calcium absorption. It indirectly infl uences intes-

tinal calcium absorption by maintaining the production of PTH, which stimulates the kidneys to 

produce 1,25(OH)2D, which stimulates intestinal calcium absorption. Magnesium also is important 

for PTH and 1,25(OH)2D to stimulate bone calcium mobilization when dietary sources of calcium 

are inadequate to satisfy the body’s calcium needs.13

PRIMARY HYPERPARATHYROIDISM AND ITS HEALTH CONSEQUENCES

Approximately one in 1000 adults will develop a benign tumor in one or more of their parathyroid 

glands resulting in the autonomous production of PTH.1,14 The chronic elevation in PTH results 

in an increase in osteoclastic activity that causes loss of matrix and mineral from the skeleton. 

Cortical bone is more sensitive to PTH than trabecular bone and, thus, cortical bone wasting is 

greater than trabecular bone wasting. The consequence for patients with primary hyperparathyroid-

ism is that they are at higher risk of fracturing their wrist or hip than their spine.1,7,14 (See Figure 

17.4.) Thus, primary hyperparathyroidism will precipitate and exacerbate osteopenia and osteopo-

rosis. The elevated serum calcium and increased calcium in the urine can increase risk of nephro-

calcinosis and kidney stones.14

PTH

RANKL

RANK

PTHR 1,25(OH)2D

1,25(OH)2DOsteoblast

Osteoclast precursor

Bone resorption

Ca2+

BoneMature osteoclast

Ca2+

Ca2+

OPG

OPGVDR

FIGURE 17.2 Both parathyroid hormone (PTH) and 1,25-dihydroxyvitamin D [1,25(OH)2D] interact with 

their respective receptors in osteoblasts resulting in the expression of RANKL. The receptor RANK on the 

preosteoclast interacts with RANKL inducing the cell to become a mature osteoclast. The mature osteoclasts 

release collagenases and hydrochloric acid to destroy the matrix and release calcium into the extra cellular 

space. Osteoprotegerin (OPG) is a decoy RANKL that can bind to the RANK of the preosteoclast, preventing 

it from becoming a mature osteoclast. (From [11]. With permission.)
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FIGURE 17.3 These schematics portray how calcium and magnesium interact with the calcium sensor 

( calcium receptor; CaR) on the parathyroid cell resulting in either an increase, decrease, or normal expression 

and secretion of PTH. (From [11]. With permission.)
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Patients with hyperparathyroidism have elevated PTH, which is associated with fasting hyper-

calcemia, hypophosphatemia, and high normal or elevated levels of 1,25(OH)2D. Since the PTH 

increases the metabolism of 25(OH)D to 1,25(OH)2D, often the patients with hyperparathyroidism 

have vitamin D defi ciency, low serum levels of 25(OH)D.3,10
 (See Figures 17.2 and 17.5.)

Approximately 85% of patients with primary hyperparathyroidism have a benign tumor, that is, a 

single adenoma. Ten percent of these patients can have a second adenoma in a different parathyroid 

gland. Most people have four parathyroid glands; however, as many as six can be present. Often 

the parathyroid adenoma can be visualized by using a sestamibi scan, which helps the surgeon 

locate and easily remove the adenoma.1,14 Once the adenoma is removed, these patients often have 

remarkable improvement in their bone mineral density and restoration of the calcium metabolism 

to normal.

INHERITED CAUSES OF HYPERPARATHYROIDISM

Approximately 15% of patients who present with hyperparathyroidism have hyperplasia of all 

four parathyroid glands. The two major inherited causes for parathyroid gland hyperplasia are the 

multiple endocrine neoplasia (MEN) syndromes type 1 and type 215 and familial hypocalciuric 

hypercalcemia (FHH).4,16 The MEN syndromes are due to a mutation in the genes that regulate the 

proliferation and differentiation not only of parathyroid cells but other cells of endocrine origin.15

When evaluating patients with mild to moderate elevation in serum calcium with elevated PTH, 

it is important to rule out FHH. Although this disease is relatively rare, it should not be missed. 

The cause is due to a point mutation of the CaR in the parathyroid glands making the parathyroid 

glands less responsive to serum calcium levels. As a result, the serum calcium levels are chronically 

mildly elevated and there is an elevation in serum PTH levels. Since the calcium sensor in the kid-

ney is also defective, this results in a marked increase in tubular resorption of calcium in the kidney. 

Thus, distinguishing primary hyperparathyroidism from FHH can be accomplished by obtaining a 

24-hour urine for calcium and creatinine and a blood for calcium and creatinine at the same time. 

A calcium clearance should be determined. A calcium clearance of < 1% is considered consistent 

with FHH and not primary hyperparathyroidism because patients with FHH have hyperplasia of all 

their hyperparathyroid glands. If the surgeon removes 3¾ glands, remnant parathyroid tissue will 

once again become hyperplastic and cause the same problem. Most patients with FHH do not have 

FIGURE 17.4 Bone mineral density in postmenopausal women with primary hyperparathyroidism. (Adapted 

from [7]. With permission.) 
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FIGURE 17.5 Schematic diagram of cutaneous production of vitamin D and its metabolism and regulation 

for calcium homeostasis and cellular growth. During exposure to sunlight, 7-dehydrocholesterol (7-DHC) in 

the skin absorbs solar UVB radiation and is converted to previtamin D3 (preD3). Once formed, previtamin 

D3 undergoes thermally induced transformation to vitamin D3. Additional exposure to sunlight converts pre-

vitamin D3 and vitamin D3 to biologically inert photoproducts. Vitamin D originating from the diet or from 

the skin enters the circulation and is metabolized to 25(OH)D3 in the liver by vitamin D 25-hydroxylase 

(25-OHase). 25(OH)D3 reenters the circulation and is converted to 1,25(OH)2D3 in the kidney by 25(OH)D3 

1α-hydroxylase (1-OHase). A variety of factors, including serum phosphorus (Pi) and PTH, regulate the renal 

production of 1,25(OH)2D and calcium metabolism through interactions with its major target tissues, that is, 

bone and intestine. 1,25(OH)2D3 also induces its own destruction by enhancing the expression of 25(OH)D 

24-hydroxylase (24-OHase). 25(OH)D is metabolized in other tissues for regulation of cellular growth. (From 

[10].  With permission.)

any deleterious effects on either their skeleton or calcium metabolism, and, thus, do not need any 

intervention. The only intervention is to make the diagnosis and prevent the patient from seeing a 

surgeon to have a parathyroidectomy.

SECONDARY HYPERPARATHYROIDISM ASSOCIATED WITH VITAMIN D DEFICIENCY 
AND ITS HEALTH CONSEQUENCES

The major cause of hyperparathyroidism is due to vitamin D defi ciency. Vitamin D defi ciency 

is defi ned as a low circulating level of 25(OH)D of < 20 ng/mL.3,17 This results in a decrease of 
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effi ciency of  intestinal calcium absorption leading to a decrease of ionized calcium, which is recog-

nized by the CaR in the parathyroid glands resulting in an increase in the synthesis and secretion of 

PTH (Figure 17.1).

Like primary hyperparathyroidism, the elevated PTH levels result in increased osteoclastic 

activity. This causes osteopenia and osteoporosis and increases risk of fracture. The secondary 

hyperparathyroidism also causes a loss of phosphorus into the urine, resulting in low normal or low 

serum phosphorus. The consequence is an inadequate calcium-phosphate product in the circulation 

preventing the normal mineralization of the collagen matrix laid down by osteoblasts. The defect 

is known as osteomalacia.3,10 Patients with osteomalacia often present with isolated or generalized 

aches and pains in their bones and muscles. These patients have a normal sedimentation rate, and, 

thus, no rheumatologic disorder and often are misdiagnosed as having fi bromyalgia, chronic fatigue 

syndrome, or depressive symptoms.18–20 The unmineralized collagen matrix is hydrated, thus push-

ing upward on the periosteal covering of the bones, which is heavily innervated with sensory fi bers. 

These patients complain of throbbing, aching bone pain, and when their periosteum is depressed, 

they complain of bone pain. This can happen when patients are sitting or lying in bed and complain 

of painful bones. The diagnosis can be made by pressing with a thumb or forefi nger with moder-

ate pressure on the sternum or anterior tibia. If the patient winces with pain, it’s likely that their 

periosteal bone discomfort is caused by osteomalacia.3,20

To make the diagnosis of secondary hyperparathyroidism associated with vitamin D defi ciency, 

a fasting blood chemistry reveals a normal serum calcium, low normal or low serum phosphorus, 

elevated PTH, and a low 25(OH)D of < 20 ng/mL (Figure 17.1). The 1,25(OH)2D levels are often 

normal or elevated for several reasons.3 1,25(OH)2D levels are 1000 times less in concentration 

compared to 25(OH)D. The elevated PTH levels stimulate the kidneys to produce 1,25(OH)2D. The 

reason that patients are vitamin D defi cient is that there is an inadequate amount of 1,25(OH)2D 

that is being made to satisfy the small intestine’s requirement. Thus, even though the blood level of 

1,25(OH)2D can be normal or elevated, it is not a refl ection of the intestinal levels of 1,25(OH)2D. 

This is the reason why measurement of 1,25(OH)2D should never be used in evaluating patients for 

vitamin D defi ciency.3

SECONDARY HYPERPARATHYROIDISM ASSOCIATED WITH CKD

It is outside the scope of this chapter to review in any detail the causes and treatment for secondary 

hyperparathyroidism associated with CKD. See Kidney Disease Outcomes Quality Intiative (K/DOQI) 

Guidelines and recent reviews for more details.3,21–24 It was obvious after it was realized that the kid-

neys were responsible for producing 1,25(OH)2D why patients with severe CKD had severe abnor-

malities in their calcium metabolism and had associated metabolic bone disease.3,22,23 However, 

patients with mild to moderate CKD also have abnormalities in their calcium and bone metabolism 

and often suffer from secondary hyperparathyroidism. There are several reasons for this. In mild to 

moderate CKD, the patients are unable to effi ciently excrete phosphorus (Figure 17.1). The increase 

in serum phosphorus levels results in a marked inhibition in renal production of 1,25(OH)2D.3,22,23 

This is thought to be due to an increase in fi berblast growth factor 23 that is produced by the osteo-

blasts and causes a suppression of the production of 1,25(OH)2D in the kidneys. In addition, the 

high serum phosphorus suppresses the expression of the CaR in the parathyroid cell and enhances 

TGFα/EGFR activation to enhance proliferation and stimulate the parathyroid glands to produce 

PTH.22 Thus, most patients with mild to moderate CKD use a phosphate binder such as calcium 

carbonate or a resin to prevent excess dietary phosphorus from being absorbed and to help keep the 

serum phosphorus level within the normal range.3,22,23

In CKD disease where more than ~ 60% of the kidney function is lost, the kidneys no longer 

have the capacity to produce an adequate amount of 1,25(OH)2D to satisfy the body’s require-

ment. As a result, intestinal calcium absorption is decreased, resulting in a decrease in ionized cal-

cium stimulating the parathyroid glands to produce PTH. These patients benefi t by receiving either 

1,25(OH)2D3 or one of its active analogues.3,21–25 (See Figure 17.1.)
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Patients with CKD disease benefi t from maintaining a serum 25(OH)D of > 30 ng/mL, which 

is what is recommended by the K/DOQI guidelines.3,21–25 There are at least two reasons for 

this. The fi rst is that the parathyroid glands have the enzymatic machinery, 25-hydroxyvitamin 

D-1-hydroxylase (1-OHase), to produce 1,25(OH)2D in the parathyroid cells, which locally suppress 

PTH expression and production.3,22,26 (See Figure 17.5.) Increasing serum 25(OH)D > 30 ng/mL 

suppresses PTH synthesis.22–27 In addition 25(OH)D may be converted to 1,25(OH)2D in many 

other tissues in the body including colon, breast, and prostate for the purpose of regulating cell 

growth and a wide variety of other cellular functions.3,10,24,25 Thus, maintaining serum 25(OH)

D > 30 ng/mL helps reduce risk of cancers, infectious diseases, heart disease, and autoimmune 

diseases.3,10,24,25

TERTIARY HYPERPARATHYROIDISM AND HEALTH CONSEQUENCES

Chronic secondary hyperparathyroidism leads to marked hyperplasia, increased cellular growth of 

the parathyroid glands that can markedly increase their size. Often these glands become hypercel-

lular and develop islands of nodules.22 The cells within these nodules have less CaR expression and 

also lack a vitamin D receptor (VDR), making the cells less responsive to the regulatory activities 

that calcium and 1,25(OH)2D have on suppressing PTH production.3,10,22,24,25,27 Thus, patients with 

chronic severe secondary hyperparathyroidism due to vitamin D defi ciency or CKD can have auton-

omous activity within the parathyroid glands. As a result, the serum calcium becomes elevated, and 

with an elevated PTH level, this is now no longer considered to be secondary hyperparathyroidism, 

but tertiary hyperparathyroidism.3,10,22,27,28 By defi nition, tertiary hyperparathyroidism is associated 

with an elevated serum calcium, elevated PTH, low normal or low phosphorus with a low or normal 

serum 25(OH)D level. For patients with CKD, their serum calcium can be controlled by dialysis 

three times a week with a low calcium dialysis bath. When these patients receive a renal transplant, 

their transplanted kidney makes 1,25(OH)2D. Some of these patients who have marked parathyroid 

gland hyperplasia will have autonomous parathyroid cell activity resulting in hypercalcemia, and, 

thus, tertiary hyperparathyroidism.3,28

III. TREATMENT STRATEGIES

Most patients with primary hyperparathyroidism who have a single adenoma often go to surgery 

to have the adenoma removed with good outcomes.1,2,14 However, if the patient has hyperplasia, 3¾ 

glands are removed. This usually preserves parathyroid function, but markedly diminishes the para-

thyroid tissue burden resulting in reduced or normal levels of PTH with normal calcium homeosta-

sis.14 Less than 1% of patients with primary hyperparathyroidism have a malignant carcinoma that 

needs to be aggressively treated.14 Sometimes these patients with metastatic disease and who have 

elevated PTH levels benefi t by using a CaR mimetic cinacalcet.14

There is no need to treat FHH unless the hypercalcemia causes nonspecifi c constitutional symp-

toms including fatigue, depression, constipation, and so on. From my clinical experience, a trial of 

cinacalcet may be helpful. Patients with MEN 1 and 2 require parathyroid surgery and need to be 

evaluated for other endocrine tumors.14

Patients with mild to moderate CKD should control their serum phosphorus levels with a calcium 

binder.3,21–27 In addition, they need to be vitamin D suffi cient with 25(OH)D of > 30 ng/mL. Patients 

with more severe kidney disease and who are unable to produce adequate 1,25(OH)2D need to be 

treated with either 1,25(OH)2D3 therapy or one of its active analogues including paricalcitol and 

doxercalciferol.3,21–27

The most common cause of hyperparathyroidism is vitamin D defi ciency. Vitamin D defi ciency 

is defi ned as a 25(OH)D of < 20 ng/mL. However, many studies have reported that PTH levels will 

continue to decrease until 25(OH)D levels are > 30 ng/mL.29–31 Thus, vitamin D suffi ciency is now 
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considered to be a 25(OH)D of > 30 ng/mL and is the level believed to maximize child and adult 

bone health and prevent secondary hyperparathyroidism.3,32,33 To achieve this level, at least 1000 

IU of vitamin D a day is needed when inadequate sun exposure cannot provide the body with its 

vitamin D requirement.3,10 The rule of thumb is that for every 100 IU of vitamin D ingested, there 

is an increase in 25(OH)D of 1 ng/mL.3,11,34 Although it has been reported that vitamin D2 is less 

effective than vitamin D3 in maintaining serum 25(OH)D levels35 and that vitamin D2 enhanced the 

destruction of vitamin D3,
36 a recent report suggests that 1000 IU of vitamin D2 is equally effective 

as 1000 IU of vitamin D3 in maintaining serum 25(OH)D levels.11

Patients who are vitamin D defi cient need to be aggressively repleted. This can be accomplished 

by giving 50,000 IU of vitamin D2 once a week for 8 weeks to fi ll the empty vitamin D tank.3,16 If the 

blood level of 25(OH)D does not reach above 30 ng/mL, the tank may be so empty that it requires an 

additional 8 week course of 50,000 IU of vitamin D2. Since treatment for vitamin D defi ciency does 

not correct the cause of the vitamin D defi ciency, once I have corrected their vitamin D defi ciency 

and raised their blood level of 25(OH)D > 30 ng/mL, I give all of my patients 50,000 IU of vitamin 

D2 once every two weeks forever. A recent analysis of more than 100 of my patients who received 

this therapy for up to 6 years showed that they maintained blood levels of 25(OH)D of between 30 

to 60 ng/mL with no untoward consequences. An alternative is to give 2000 to 3000 units of vita-

min D2 or vitamin D3 a day for at least 2 to 3 months followed by at least 1000 IU of vitamin D2 or 

vitamin D3 daily thereafter. It has also been reported that taking 100,000 IU of vitamin D3 every 3 

months can help reduce risk of fracture and maintain 25(OH)D above 20 ng/mL.37

Patients with CKD with a renal transplant who develop tertiary hyperparathyroidism and patients 

with chronic vitamin D defi ciency and tertiary hyperparathyroidism often benefi t by treating their 

vitamin D defi ciency and raising blood levels of 25(OH)D > 30 ng/mL.3 There has been concern that 

patients with primary or tertiary hyperparathyroidism who have elevated levels of serum calcium 

would increase their serum calcium to a greater extent if vitamin D were given to them. Patients 

with primary hyperparathyroidism who received vitamin D to treat their vitamin D defi ciency did 

not experience an increase in the serum calcium levels.3,38 From my own experience, patients with 

both primary and tertiary hyperparathyroidism often benefi t by correcting their vitamin D defi -

ciency. Correcting vitamin D defi ciency can signifi cantly reduce PTH levels, especially in patients 

with tertiary hyperparathyroidism, and can sometimes prevent the need for surgical debulking of 

the parathyroid glands.

IV. CONCLUSIONS

Patients are routinely screened with their blood chemistries for a serum calcium level. Most patients 

with a primary hyperparathyroidism are picked up by the primary care physician who fi nds an 

elevated serum calcium. If further workup reveals an elevated PTH level, this is diagnostic of pri-

mary hyperparathyroidism. The only time this is not true is when a patient has tertiary hyperpara-

thyroidism or FHH.

The major cause of secondary hyperparathyroidism is vitamin D defi ciency. Besides causing 

osteopenia and osteoporosis with increased risk of fracture, most patients with vitamin D defi -

ciency and secondary hyperparathyroidism have nonspecifi c aches and pains in their bones and 

muscles due to osteomalacia.3 These patients often have dramatic improvement of their nonspe-

cifi c complaints by correction of their vitamin D defi ciency. Since the serum calcium is normal 

in patients with secondary hyperparathyroidism, primary care physicians will not easily pick 

up this diagnosis unless they routinely screen for 25(OH)D levels. From a cost-benefi t perspec-

tive, it would be much better to obtain a 25(OH)D on patients suspected of vitamin D defi ciency 

and to forego the PTH analysis unless there is an extenuating circumstance that requires it. Only 

when the calcium is elevated should a PTH level be determined to rule out primary or tertiary 

hyperparathyroidism.
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18 Diabetes 

Food and Nutrients in 
Primary Practice

Russell Jaffe, M.D., Ph.D., and Jayashree Mani, M.S.

I. INTRODUCTION 

This chapter provides a contemporary overview of diabetes. Dietary patterns and nutrients that 

can improve glucose-insulin-energy function are emphasized. Strategic food choices and adequate 

essential nutrients improve outcomes in people with the continuum from metabolic syndrome to dia-

betes. Cellular metabolic homeostasis is disrupted long before diabetes becomes clinically apparent 

by elevated blood glucose or insulin. A direct consequence of these metabolic disturbances is free 

radical oxidative damage secondary to nutrient defi cits detailed in this chapter.

II. EPIDEMIOLOGY AND DISEASE DEFINITIONS

One in every three children born today is likely to develop diabetes based on current trends [1]. 

Diabetes affl icts over a quarter of a billion people worldwide, 10% of them within the United States. 

It is the leading source for all-cause mortality in many industrialized countries. The epidemiology 

points to different types of diabetes intersecting and causing more aggressive disease in those who 

are overfed yet undernourished:

 1. Type 1 diabetes (5% to 10% of cases) is defi ciency of insulin production usually following an 

autoimmune destruction of pancreatic islets (insulitis). Genetic and immunologic markers 

are being developed.

 2. Type 2 diabetes (90% to 95% of cases) is usually due to insulin resistance and inadequate 

compensatory insulin secretion from the pancreas [2].

 3. Gestational diabetes is a variant of type 2 diabetes, occuring in about 4% of all pregnan-

cies. Gestational diabetes increases offspring risk of developing diabetes [3]. Tight glyce-

mic control before and during pregnancy can decrease the risk of adverse outcomes. Low 

birthweight has been linked to an increased risk for type 2 diabetes in later life.

 4. Latent autoimmune diabetes of the adult (LADA) occurs in nonobese, anti-insulin anti-

body positive patients, and can be diagnosed decades before they become frankly diabetic 

[4, 5]. Metabolic syndrome and insulin resistance are prevalent in people with LADA.

 5. Type 1.5 diabetes is a new syndrome that includes anti-insulin antibody-positive patients 

with phenotypic type 2 diabetes. These patients are usually obese and insulin resistant [5].
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 6. Type 3 diabetes is the emerging link between insulin resistance and neurodegeneration. 

The brain makes insulin. Insulin resistance in the brain results in accelerated nerve cell 

oxidative stress, cell damage, poor function, and early death [6]. The hippocampus, frontal 

cortex, hypothalamus, and other regions of the brain responsible for memory have measur-

ably lower levels of insulin and insulin-like growth factor in patients with Alzheimer’s-

type dementia. Several lines of research now indicate that Alzheimer’s-type dementia is 

diabetes on the other side of the blood-brain barrier.

III. PATHOPHYSIOLOGY

In utero nutrition may be as powerful as genetics in determining future diabetes risk.

The rate of increase in diabetes is too rapid to be explained by genetics. Emerging epigenetic 

studies suggest that risk acquired in utero is primarily mediated nutritionally [7, 8]. A mother with 

diabetes therefore confers not only heritable susceptibility but a nutritionally induced epigenetic 

susceptibility, where the fetus misgauges the energy availability in the outside world. Gestational 

diabetes, short of optimal treatment, creates an unfavorable in utero environment, which confers 

risk of diabetes later in life to the fetus, superimposed on any genetic risk.

Therefore, prevention of type 2 diabetes would ideally begin in utero and continue for life [2–4, 

9, 10]. Diabetes management of women of childbearing age is both disease treatment of a future 

mother and disease prevention for the next generation. To primary care physicians, the emerging 

science of epigenetics poses what may be the greatest challenge and opportunity in diabetes man-

agement, for which nutrition has a powerful and underutilized role.

DIABETES IS AN ENERGY CRISIS

Feast in the midst of famine is a common metaphor for diabetes [2]. However “feast” is not neces-

sarily synonomous with overeating. Feast means too much sugar in the bloodstream; cell famine 

means too little sugar converted to energy to keep up with cell needs. In molecular terms, diabetes 

is sugar-hormone-electron transport dysregulation.

Blood sugar levels are regulated by hormones such as insulin and insulin-like growth factors 

counterbalanced by glucagon, growth hormones, adrenaline, and autocoids [2, 4]. A relative or abso-

lute defi cit of insulin tips metabolic balance from protective to defensive. Plasma glucose refl ects 

cell energy turnover. Cells generally extract energy from foods in the following order:

 1. Glucose

 2. Fructose, which is isomerized to glucose

 3. Amino acids are cannibilized from protein and turned into keto acids

 4. Fat is beta oxidized from two carbon units

Generally fat is metabolized where sugar and amino acids leave off so that cell energy produc-

tion can be sustained. Hyperlipidemia is a consequence of impaired cell energy production [3]. 

Heart muscle, in contrast to other tissues, derives most of its energy from beta oxidation of fats. 

Intestinal lining cells use butyrate and 1-glutamine as primary energy sources.

The hormone insulin is largely responsible for regulating sugar uptake by cells. Insulin resistance 

is a decrease in sensitivity or response to the metabolic actions of insulin [2, 11]. Hyperinsulinism 

is the adaptive response. If maintained over a prolonged period, refractive hyperinsulinism leads 

to pancreatic beta cell exhaustion and insulin defi cits. Insulin resistance plays a central role in the 

pathogenesis of diabetes, obesity, hypertension, dyslipidemia, and atherosclerotic cardiovascular 

diseases, commonly referred to as metabolic syndrome, syndrome X, and insulin resistance syn-

drome [11]. Appreciable pancreatic beta cell destruction has already occurred by the time glucose 

intolerance is present [4].
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DIABETES IS CHARACTERIZED BY IMMUNE SYSTEM DYSREGULATION AND OXIDATIVE STRESS

The immune system is responsible for both repair and defense. Autoimmune pancreatic insulitis 

leads to type 1 diabetes [2]. Autoimmunity is also important in the pathogenesis of LADA [5]. 

Circulating antibodies to pancreatic antigens are typifi ed by anti-glutamic acid decarboxylase anti-

bodies. Loss of immune tolerance in the gut potentiates diabetes [12]. Improvement in gut tolerance 

improves glucose tolerance [13]. At the same time, diabetes includes immune system dysregula-

tion with loss of protective immunity, activation of cytokine cascades, increased free radical medi-

ated injury, and impaired healing and repair [14]. Further, protein glycation depresses the activities 

of antioxidant scavengers and enzymes. This altered redox equilibrium accentuates infl ammatory 

injury, in which antioxidants may therefore have a therapeutic role.

The clinical consequences of these defi cits are infl ammation, as measured by elevated C-reactive 

protein (CRP), tumor necrosis factor, fi brinogen, ferritin, and infl ammatory cytokines.

Oxidative stress plays a major role in the pathogenesis of diabetic macro- and microvascular 

complications [15]. Ascorbate is of particular importance as it protects serum lipids from oxida-

tion as refl ected in plasma oxidized cholesterol. It is associated with both blood lipid and HbA1C 

reduction, perhaps refl ecting its pro-repair and antioxidant functions. Improving glycemic control 

enhances the action of ascorbate since high glucose concentrations can reduce ascorbic acid uptake 

by as much as 40% [16–21].

DIABETES BEGINS AT THE MOLECULAR LEVEL BUT QUICKLY IMPOSES MULTI-ORGAN COMPROMISE

Atherosclerosis accelerates in poorly controlled diabetes and manifests as endothelial or dendritic 

cell injury, hyperlipidemia, and hypertension, as well as increased myocardial infarction, strokes, 

aortic aneurysms, and peripheral vascular disease. Organ-specifi c microvascular complications 

include macular degeneration, optic neuritis, nephropathy, peripheral neuropathy, and autonomic 

neuropathy including gastrointestinal, genitourinary, and cardiovascular symptoms, and sexual dys-

function. Macrovascular and microvascular pathologies are prominent in diabetes.

Diabetes involves simultaneous muscle compromise and fat accumulation. Obesity, particu-

larly abdominal fat, suggests the presence of insulin resistance with release of nonesterifi ed fatty 

acids, glycerol, hormones, fi brinogen, pro-infl ammatory cytokines, and C-reactive protein [22]. 

The infl ammatory state perpetuated by fat also refl ects an ongoing deterioration in lean tissue. As 

protein is directed to cellular energy production, less is available for repair functions. In a healthy 

state muscle turnover is approximately 2% a day but decreases during metabolic compromise. At 

the same time infl ammation causes more muscle damage and need to repair. The ongoing repair 

defi cit and diversion of dietary protein to energy production eventually results in physical changes 

of muscle atrophy and obesity.

Diabetes and obesity are important determinants of fatty liver disease and steatohepatitis [23]. 

Of note, the hepatitis C virus (HCV) also induces insulin resistance due to the enhanced production 

of tumor necrosis factor by the HCV core antigen. Routine glucose tolerance testing has been sug-

gested in patients with chronic hepatitis C [24].

Diabetes frequently involves renal compromise. Since the kidneys help regulate blood pH, when 

people with nephropathy eat a diet high in acidifying foods such as sugar, starch, and meat, the 

kidneys may be slow to adapt to it. Avoiding excess dietary protein is one way of slowing the pro-

gression of diabetic renal disease [25]. Reduction in protein intake improves insulin sensitivity and 

has benefi cial infl uences on different steps of carbohydrate metabolism. Low glycemic index (GI) 

and low phosphate diets are also recommended in these patients [25–27].

People with diabetes also develop a more recently appreciated neurodegeneration of the cen-

tral nervous system. Vascular consequences related to carotid and cerebrovascular disease, hyper-

tension, and changes in the blood-brain barrier are common. Metabolic consequences that arise 

are related to repeated hypoglycemic episodes, hyperglycemia, hyperosmolarity, acidosis, keto-

sis, uremia, neuroendocrine, or neurochemical changes [6, 28]. The newly emerging link between 
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neurodegeneration and diabetes may focus future nutritional interventions on reducing infl amma-

tion and preventing cognitive decline. Diets high in fat, especially trans and saturated fats, and high 

copper, abundant in processed foods and high GI foods, adversely affect cognition [29, 30], while 

those high in fruits, vegetables, cereals, and fi sh are associated with better cognitive function and 

lower risk of dementia [31–35].

Gastrointestinal symptoms as a consequence of autonomic neuropathy also result. Delayed gastric 

emptying is observed in 40% of patients with longstanding type 1 and type 2 diabetes. Accelerated 

gastric emptying, on the other hand, is manifested in about 20% of recently diagnosed patients [36]. 

This usually results from loss of glycemic control. Gastroesophageal refl ux, dyspepsia, dysbiosis, 

maldigestion, impaired uptake of nutrients from the GI tract, and unhealthfully long transit times also 

exist [36–38]. The recently developed 13C-octanoic acid breath test (OBT) can be useful in detecting 

and studying gastric emptying [39]. Major symptoms of gastroparesis include nausea, vomiting, post-

prandial fullness, early satiety, bloating, belching, and vague abdominal discomfort. Restoring hydra-

tion, glycemic, and electrolyte status are the main goals of therapy. Hyperglycemia slows gastric 

emptying whereas hypoglycemia may accelerate it and optimizing glycemic control is the key [40].

Polycystic ovary syndrome (PCOS) is a complex disorder affecting up to 10% of all American 

women. It is the leading cause of female infertility and comprises both hormonal and metabolic 

abnormalities that include impaired glucose tolerance, type 2 diabetes, vascular disease, dyslipi-

demia, and obstructive sleep apnea. A post-receptor-binding defect in insulin action leads to insulin 

resistance, which is the central pathogenic issue. This leads to an imbalance of the hypothalamic-

pituitary-adrenal axis to which there is usually increased compensatory cortisol production. The 

high stress and high cortisol cycle is linked to increased refi ned carbohydrate and sweet foods crav-

ings and this underlies glucose dysregulation [41–43].

SLEEP IMPROVES GLYCEMIC CONTROL

Getting suffi cient sleep has been shown to improve insulin sensitivity. Glucose metabolism and 

insulin sensitivity are implicated in sleep disorders such as restless leg syndrome and sleep apnea 

[44, 45]. People with diabetes are therefore in a conundrum, with a condition that is treated by 

adequate sleep and side effects that undermine quality sleep. Screening and diagnosis create the 

opportunity for treating sleep disorders. Sleep disturbance is often responsive to supplementation 

with select amino acids and the cofactors needed to synthesize neurotransmitters [46–48].

IV. EVALUATION

The ADA guideline for plasma glucose is 70 to 100 mg/dL fasting, and not more than 140 mg/dL 

2 hours after a meal [3]. Table 18.1 details the interpretation of blood glucose levels and conveys 

the often gradual onset of diabetes.

Laboratory tests such as plasma glucose are the basis of diagnosing diabetes, maintaining gly-

cemic control, as well as identifying risks [3, 49, 50]. Glucose to insulin ratio, fasting insulin levels, 

and homeostatic model assessment are common indices of insulin sensitivity in clinical practice 

[11, 51]. Insulin-like growth factor binding protein-1 (IGF1) is emerging as a useful marker of insu-

lin resistance [51].

Progressive dysfunction of the hypothalamic-pituitary-adrenal axis, with elevated levels of cir-

culating cortisol, is implicated in visceral and abdominal obesity risk [52]. Measurement of salivary 

cortisol and dehydroepiandrosterone can identify underlying adrenal stress and help in diabetes 

management [53]. Saliva is an ultrafi ltrate and therefore may more closely refl ect tissue levels, 

although certain conditions common among those with diabetes may limit its accuracy in some 

circumstances.

Recent research fi ndings on sleep and insulin resistance suggest that administering a brief sleep 

survey to patients with diabetes would be a useful diagnostic screening tool.
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Information available on neurodegeneration and diabetes might suggest more frequent use of a 

cognitive screening tool.

The role of oral tolerance and the immunotoxic effects of xenobiotics and anthropogenics in poten-

tiating and maintaining the diabetic state have only recently been recognized. Immune reactivities 

to food and environmental antigens in diabetics are clinically important and patient specifi c. Food 

reactivities to dairy are common and may partly explain why diabetes is less common in nonmilk 

drinkers and insulin resistance is more common in milk drinkers [13, 54, 55]. Diagnostic tests are 

available to evaluate for food reactivities and to guide treatment (Chapter 15, “Food Reactivities”).

Evaluation of B12, folate, and other B vitamins (including metabolites such as homocysteine) 

could be valuable in patient workup due to the risk of dementia and peripheral neuropathy. This 

may be especially important in hypochlorhydria and in patients on metformin, which interacts with 

these nutrients.

CRP, fi brinogen, and ferritin assessed for separate clinical indications can gauge systemic infl am-

mation. Since infl ammation is mediated in part by the balance of omega-3 and omega-6 fats, red cell 

fatty acid analysis can help guide supplemental fatty acids.

A self-assessment monitoring tool that some patients fi nd useful is the fi rst morning urine pH. 

A urine pH of 6.5 to 7.5 suggests that the body’s buffering systems are adequate and there is not 

a net acid excess, and it may correlate with glycemic control in some patients. A target pH can 

reinforce the recommended daily dietary intake of 13 servings of fruits and vegetables [56] or the 

equivalent.

V. TREATMENT

DIET PATTERNS

Diet management of diabetes is shifting from a focus on calorie quantity and caloric excess to a 

focus on lifelong diet quality and essential nutrient suffi ciency to avoid or correct defi cit.

Diets should include 13 servings daily of fresh fruits and vegetables or the equivalent in antioxi-

dant protection. Diets with optimal antioxidants are also high in fi ber and alkalinizing.

We review alkalinizing diets. The internal acid-base balance of the body is tightly controlled 

in health and is maintained in a slightly alkaline state (pH 7.4). Acids produced as a result of 

metabolism are buffered by bicarbonate, intracellular magnesium, potassium, calcium, and sodium. 

Diets prominent in refi ned sugars, fat, and protein result in increased cell acid production. This 

saturates the cell’s buffering capacity. Over time, if these mineral buffers are not replenished, net 

TABLE 18.1
Diabetes Diagnostic Criteria
Category Fasting Plasma Glucose 2-hr Plasma Glucose

Usual <100 mg/dL (<5.6 mmol/L) <140 mg/dL (<7.8 mmol/L)

Healthy <85 mg/dL (<5 mmol/L) <115 mg/dL (<6.3 mmol/L)

Impaired fasting glucose (prediabetes, 

metabolic syndrome)

100–125 mg/dL (5.6–6.9 mmol/L) —

Impaired glucose tolerance (prediabetes, 

syndrome X)

— 140–199 mg/dL (7.8–11.0 mmol/L)

Diabetes* ≥126 mg/dL (≥7.0 mmol/L) ≥200 mg/dL (≥11.1 mmol/L)

Source:  From the Expert Committee on Diagnosis & Classifi cation of Diabetes Mellitus, including suggested healthy range 

values [3].

* A diagnosis of diabetes needs to be confi rmed on at least two occasions to avoid transient, stress-related hyperglycemia 

being misunderstood as diagnostic of diabetes.
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acid excess (NAE) can lead to depletion of mineral stores from tissues to bone and result in chronic 

metabolic acidosis. Repair mechanisms and resilience are reduced and the organism is more sus-

ceptible to fatigue, illness, disease, and pain when cells are acidotic. Oats, quinoa, lentils and other 

pulses, vegetables with the exception of peas and carrots, herbs, and nonsodium spices are alka-

linizing and low glycemic [57].

The preferred distribution for a diabetic patient’s diet would be comprised of 45% to 65% of energy 

intake from carbohydrates, 10% to 35% from protein, and 20% to 35% from fat [58]. Emphasis is 

placed on the type and quality of each macronutrient, which is emerging as more important than the 

precise distribution of each.

CARBOHYDRATES

Although many current popular weight-loss diets advocate low carbohydrate diets [59], the Food 

and Nutrition Board suggests a minimum recommended dietary allowance (RDA) of 130 g carbo-

hydrates, in part due to brain dependence on glucose to meet energy needs [60].

Carbohydrates are broadly divided into simple sugars, complex carbohydrates known as starches, 

and fi ber. Each has a different effect on blood glucose. It is this response of food on blood glucose 

levels that is known as the Glycemic Index (GI) [61, 62]. (See Table 18.2.) A GI of above 75 is consid-

ered high and foods below 50 have a favorably low GI [61–64]. GI is most applicable to whole foods. 

It becomes less helpful and even confusing when applied to food components. For example, fructose 

in the diet should be minimized, but it has a low GI because it converts to glucose once inside the 

cell. In contrast, D-ribose is a 5 carbon sugar rather than a 6 carbon sugar like fructose and glucose, 

which gives it a negligible effect on glycemic level. It is a sugar energy source that can regenerate 

low ATP levels in both the skeletal and cardiac muscle [65]. GI is also unhelpful when portion size 

is disregarded. Large portions of a low GI food can represent a large glycemic load (GL), which 

undesirably increases the need for insulin. Food preparation also alters GI. In general the more 

breakdown there is in the food structure, the higher the GI. For example wild, minimally cooked, 

long-grain rice has approximately half the GI of rice crackers. This brings us to the very important 

and frequently overlooked role of fi ber.

Preferred fi bers are unprocessed and provide 80% soluble or fermentable and 20% insoluble or 

viscous fi ber content. Foods with low GI and a high fi ber content such as dried peas, beans, and 

lentils lower postprandial glucose and insulin response, reduce insulin resistance, reduce weight, 

improve blood lipid levels, and reduce markers of infl ammation such as C-reactive protein thus 

decreasing the risk of developing diabetes and cardiovascular disease [63, 66].

High fi ber foods have a low GI. People who eat 3+ servings per day of whole grain foods have 

a 20% to 30% reduced risk of developing type 2 diabetes [63, 66]. The ADA recommends a daily 

intake of at least 14 g fi ber/1000 kcal and foods with whole grains to prevent diabetes [67]. The 

extent to which the structure of grains and legumes is kept intact, method of cooking, type of starch, 

satiety, and nutrient retention also play a role [68]. Foods high in fi ber also tend to provide more 

magnesium and antioxidants. We suggest 40+ grams of total dietary fi ber to improve digestive tran-

sit and to improve glycemic response. Oat bran fl our and barley are good examples of fi bers high in 

beta-glucan and can decrease postprandial glycemic response in diabetes [69–71]. It is essential that 

the fi bers are minimally processed to maintain fi ber integrity [72].

Many patients in our clinical practice need to transition into a high fi ber diet due to barriers in 

food preparation, taste acquisition, and gastrointestinal tolerance. In such settings supplemental 

fi ber can be used to achieve target levels and can confer similar benefi ts.

PROTEINS

Protein restriction is not generally recommended in diabetes unless there is nephropathy; even so 

it is wise to limit proteins to < 20% of the total energy intake, within the usual Western diet range 

of 15% to 20% of energy intake [67]. Protein has increasing metabolic cost when taken above 50 to 
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TABLE 18.2
Glycemic Index of Certain Traditional and Contemporary Foods 

Food

GI with 
Glucose as 

100

GI with 
White Bread as 

100
Serving 
Size (g)

Amount of 
Carbohydrate 

g/serving
GL per 
Serving

Grains/cereals      

Cornfl akes (Kellogg’s) 92 130 30 26 24

Doughnut 76 108 47 23 17

Bagel, white 72 103 70 35 25

White fl our 70 100 –– –– ––

Angel food cake 67 95 50 29 19

Coca Cola, soft drink 63 90 250 mL 26 16

White rice 56 80 150 41 23

Brown rice 55 79 150 33 18

Muesli bread, made from 

packet mix 

54 77 30 12 7

Bulgur wheat 48 68 150 26 12

Oat bran bread 47 68 30 18 9

Barley kernel bread 43 62 30 20 9

Whole wheat 41 59 50 (dry) 34 14

All-Bran (Kellogg’s) 38 54 45 30 23

High amylase rice 38 54 150 39 15

Rye kernels 34 48 50 (dry) 38 13
      

Dairy      

Milk, skim 32 46 250 13 4

Milk, full fat 27 38 250 12 3
     

Fruits      

Banana 52 74 120 24 12

Apple raw 38 52 120 15 6

Apricot (dried) 31 44 60 28 9

Grapefruit, raw 25 36 120 11 3
      

Pulses/Peas/Beans      

Chickpeas 28 39 150 30 8

Kidney beans 28 39 150 25 7

Red lentils 26 36 150 18 5

Soya beans 18 25 150 6 1
      

Sweeteners      

Sucrose (table sugar) 68  97  10  10  7

Honey 55 78 25 18 10

Fructose 19 27 10 10 2

Organic agave cactus nectar 10 14 10 8 1

Xylitol 8 11 10 10 1

Lactitol 2 3 10 10 0
     

Vegetables      

Russet potato 85 121 150 30 26

Instant mashed potato 85 122 150 20 17

Peas 48 68 80 7 3

Carrots 47 68 80 6 3

Source: [61, 62].

Note:  Glycemic index is based on whole foods. Food components should be evaluated in the context of the foods in which  

they are eaten. Variations in food preparations also alter glycemic index.
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60 g/day, typically about 15% of caloric intake. Protein-containing foods tend to increase net acid 

load. People with diabetes also commonly have trouble digesting and absorbing protein due to 

hypochlorhydria and maldigestion. The body is also likely to use additional, metabolically expen-

sive protein in place of carbohydrates for energy. Requirement for taurine, carnitine, and tryptophan 

go up in response to increased protein intake. Diabetes is associated with impaired protein synthe-

sis, wound healing, and all needed repair functions. Higher protein intake can improve glycemic 

control. In sum, protein is necessary but metabolically costly.

Strategies to optimize protein intake in patients with diabetes include the following:

Digestive enzymes are reported as helpful in increasing absorption of dietary protein, par-• 

ticularly in those who have functional hypochlorhydria.

Most protein should be derived from plant sources.• 

Animal protein should be lean, not charbroiled, and preferably from grass-fed animals.• 

Protein should be consumed with ample alkalinizing minerals, adequate ascorbate, and • 

with other antioxidants.

Supplementation can be used to bring select amino acids into healthful range.• 

FATS

Fat intake and the body’s ability to process these dietary fats into the necessary energy and struc-

tural components are critical. Diet and strategic supplementation can help compensate for defi cits in 

fat metabolism associated with diabetes:

Trans•  fats from processed food need to be avoided at any dose.

Saturated animal fats should be used but in moderation [73].• 

Omega-6 fats should be reduced and omega-3 fats increased to move the omega-6 to omega • 

3 ratio from a proinfl ammatory state of 20–30:1 to 4:1 [73, 74].

Elevated blood glucose impairs the delta-6-desaturase enzyme that converts omega-3 and • 

omega-6 essential fatty acids into eicosapentaenoic acid (EPA) and subsequently docosa-

hexaenoic acid (DHA), which are omega-3 fats, and gamma linolenic acid (GLA), which is 

an omega-6 fat. Patients with diabetes have a demonstrated benefi t from supplementation 

with all three of these fats even though GLA is an omega-6 fat. Evening primrose and bor-

age oils are supplemental sources of GLA. Fish oil, which is a source of EPA and DHA, 

helps normalize glucose metabolism and modify the fatty acid composition of membrane 

phospholipids. In isolated beta cells, lipid contents and glucose oxidation return to normal. 

All these effects contribute to the normalization of glucose-stimulated insulin secretion 

and muscle insulin sensitivity in diabetes and metabolic syndrome [75, 76].

Fat-soluble phytonutrients such as lycopene, lutein, quercetin, zeaxanthines, and all eight • 

forms of vitamin E are partly or even completely removed during extensive food process-

ing. This is a disadvantage of partially hydrogenated, hydrogenated, and inter-esterifi ed 

fats even if the label reads “contains zero grams trans fats.”

Conjugated linoleic acid (CLA) contains a • trans isomer of oleic acid that is produced by 

microorganisms in ruminant animals. Conjugated linoleic acid enters the human diet when 

the meat and dairy products of ruminant animals are consumed. Unlike the synthetic trans 

fats CLA may provide biochemical advantage in reducing insulin resistance and is avail-

able as a supplement taken 1 to 6 g/day. The salient point may be that CLA is produced 

in higher concentrations in ruminant animals fed grass than in those fed grain, so that by 

altering agricultural practices we are altering the nutrient content of our own food.

In addition, incorporation of foods rich in oleic acid (omega-9), as found in extra virgin • 

olive oil, helps produce a more fl uid lipid cell membrance with less prothrombotic risk of 

blood clotting [77, 78].
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Carnitine’s metabolic role is to bring fatty acids to the mitochondria for ATP synthesis. • 

Supplemental carnitine may facilitate fat metabolism in patients with diabetes. Carnitine 

reduces total fat mass with an increase in lean mass.

Medium chain triglycerides are derived from plant sources of fatty acids and may be • 

absorbed directly from the intestine. Their use is limited by gastrointestinal intolerance, 

but can be effectively used in small, frequent doses.

MINERALS AND VITAMINS

Magnesium
Magnesium is the second most abundant intracellular cation and appears to modulate hormonal and 

biochemical aspects of cellular glucose utilization and carbohydrate metabolism. Magnesium is criti-

cal in regulating insulin sensitivity, vascular tone, and blood pressure homeostasis. Magnesium defi -

ciency is a common feature of diabetic, cardiovascular, and other metabolic processes such as aging. 

Serum magnesium levels have a bearing on morbidity in patients with diabetes [79]. Magnesium, 

which is ionized with citrate, malate, succinate, fumarate, glycinate, or ascorbate, is more bio-

available than magnesium oxide or magnesium chelated with soy peptides [80–82]. Magnesium 

absorption can be further enhanced with choline citrate. Neutral micellar droplets form in the gut 

and facilitate magnesium uptake through neutral pores even when the usual calcium–magnesium 

ATPase enzymes are inhibited by toxic minerals or hormone disrupters [80–82].

Chromium
Extensive studies have been conducted on the effect of chromium on glycemic control, because 

chromium increases lean body mass, reduces weight, decreases visceral fat, and improves free fatty 

acid levels and insulin sensitivity, when used in addition to oral anti-hyperglycemic agents [83], 

and low chromium concentrations can precipitate diabetes. Urinary losses of chromium occur dur-

ing pregnancy, strenuous exercise, infection, physical trauma, steroid medication, and high cortisol 

states in general. Iron given in supplemental doses reduces chromium absorption by competitive 

inhibition. Because chromium is a trace mineral in concentrations two orders of magnitidue less 

than iron, direct measurements are not clinically available. Chromium supplementation in doses 

of 800 to 1000 μg/day has been shown to improve glucose and insulin metabolism in patients with 

insulin resistance [84].

Iodine
Fortifying table salt with iodine might not be providing many Americans with optimal body 

iodine stores. People with diabetes have a higher prevalence of thyroid disorders [85] and may 

be disproportionately affected, because they may be low in several other trace minerals and 

often try to adhere to the recommended treatment of low salt intake and fresh foods whenever 

possible. Patients with a TSH greater than 2.5 should be given a trial of iodine supplemen-

tation, avoid goiterogenic soy foods, and consume sea vegetables as described in Chapter 16, 

“Hypothyroidism.”

Vanadium 
Ever since vanadium salts were discovered to stimulate glucose uptake in rats without raising insulin 

levels [86], vanadium has been shown to mimic the metabolic effects of insulin, thereby infl uencing 

glucose metabolism in diabetes. In addition, vanadium improves myocardial function by regulat-

ing metabolic processes. Side effects of vanadium supplementation include diarrhea, nausea, and 

fl atulence in a few cases. Products with high bioavailability have minimal side effects [87]. Other 

trace minerals with potential roles in diabetes management include zinc, molybdenum, manganese, 

and selenium.
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Taurine
Taurine is a semi-essential beta amino acid with antihyperglycemic, antihyperlipidemic, and hyper-

insulinemic effects. In diabetes, increased intracellular accumulation of sorbitol can deplete tau-

rine. Altered taurine metabolism is linked to the development of cellular dysfunction in diabetes 

complications including retinopathy, neuropathy, nephropathy, cardiomyopathy, platelet aggrega-

tion, endothelial dysfunction, and atherosclerosis [88]. Combinations of taurine and vanadium have 

synergistic effects [89].

Biotin
Biotin is thought to improve abnormal glucose metabolism by stimulating glucose-induced insulin 

secretion by pancreatic beta cells and by accelerating glycolysis in the liver and pancreas. Biotin 

also enhances muscle insulin sensitivity by increasing guanylate cyclase activity. Combining chro-

mium and biotin can have added effect in maintaining optimal glycemic control and in improving 

cardiometabolic risk factors [90].

Alpha Lipoic Acid
Alpha lipoic acid is a fat-soluble and water-soluble antioxidant that may be directly insulin sensitizing. 

It may also improve diabetes outcomes by acting on hepatocytes to help repair the sugar- hormone-

electron transport dysregulation. Alpha lipoic acid has been shown to reduce diabetes-related periph-

eral neuropathy [91].

Quercetin
Quercetin is a biofl avonoid found in several fruits, most notably apples. Quercetin dihydrate admin-

istration (10 mg/kg) improves vascular function in diabetes, reduces blood glucose levels, and shows 

antiatherogenic effects [92].

BOTANICALS

Overview
Coupled with vitamins and minerals and other nutrients, certain botanicals are emerging as valu-

able adjuncts to diabetes risk reduction and clinical management (see Table 18.3). They add to 

our arsenal of novel glucose-regulating agents. Phytonutrients with better evidence of effi cacy are 

outlined later.

Fenugreek
Perhaps the most studied herb in the management of diabetes, fenugreek has been found to lower 

both blood glucose and lipids [94]. Fenugreek decreases insulin resistance and triglyceride levels. 

Fenugreek can safely be used as an adjunct and in combination with sulfonylureas in the treatment 

of type 2 diabetes [95].

Bitter Melon
Bitter melon contains various hypoglycemic extracts that work on increasing glucose utilization by 

the liver, decreasing gluconeogenesis and enhancing the cellular uptake of glucose. It also promotes 

insulin release, potentiates its effect, and increases the number of insulin-producing beta cells in 

diabetic animals. Dietary use of bitter melon and its juice decreases blood glucose levels, increases 

HDL-cholesterol, and decreases triglyceride levels, thus exhibiting antiatherogenic qualities [96].

Banaba
Corosolic acid (CRA), an active component of Banaba leaves (Lagerstroemia speciosa L.), has been 

shown to decrease blood glucose levels in diabetic animals and humans. Banaba is a medicinal plant 
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TABLE 18.3
Foods, Botanicals, and Supplemental Nutrients in Diabetes 
Nutrients Role in Diabetes

Vinegar (acetic acid) Acetate alters glycolysis/gluconeogenic cycle in liver, reduces 

fasting hyperglycemia. 

Ginger Source of active thiols to increase detoxifi cation substrates and 

enzyme activators; similar to onions, garlic, brassica sprouts & 

eggs; one or more as staple in the diet recommended.

Red wine (also dealcoholized) High resveratrol content.

Apples High quercetin fl avanoids, with vascular benefi ts.

Fiber
Oat bran, beta glucan rich gum acacia, insoluble fi ber

glucomannan, freeze dried dextrans,  low molecular 

weight prebiotics

Low glycemic, sterol binding, transit time shortening, 

and probiotic promoting 40+ g/day total fi ber intake 

recommended; 80% soluble & 20% insoluble. 

Supplementation can help achieve intake goals.

Nuts and seeds Fiber and mineral rich; low glycemic.

Berries Rich in anthocyanidins and other polyphenolic fl avanoids, 

especially if vine-ripened.

Cinnamon Polyphenolics in cinnamon have demonstrated improvements 

in fasting glucose, glucose tolerance & insulin sensitivity.

Rosemary, green tea, 

cranberries, blueberries, 

lemon balm

These foods contain polyphenolic compounds, which are natural 

alpha amylase inhibitors. They can lower postprandial blood 

glucose level and have been recommended in the supplementary 

glycemic treatment management of diabetes. 

Foods to avoid
Fructose-rich foods Bypasses glucose/insulin control yet converts back to glucose 

inside the cell.

Trans fat–containing foods Impair cell membrane actions.

Empty calorie, nutrient poor foods Increase cortisol, contribute to nutrient defi ciencies.

Botanicals
Trigonella foenum–graecum (fenugreek) Decreases insulin resistance and triglyceride levels.

Momordica charantia (marah, bitter melon) Increases glucose utilization by liver; decreases blood glucose 

levels and increases HDL cholesterol.

Lagerstromia speciosa (corosolic acid) 48 mg/day in a 1% standardized extract: effective blood glucose 

reduction.

Galega offi cinalis (French lilac) The active ingredient galegine reduces insulin resistance. 

Metformin is a galegine derivative.

Vaccinium myrtillis (bilberry) Leaf extract shown to lower blood sugar.

Gymnema sylvestre The active group polyphenolics of gymnemicates has 

antihyperglycemic hypoglycemic properties. 

Zizyphus spina-christi Insulinotropic and hypoglycemic effects of the Egyptian Zizyphus 
spina-christi leaves are attributed to a possible sulfonylurea-like 

activity.

Catharanthus roseus Hypoglycemic action of the leaves has been attributed to increased 

glucose metabolism & reduces oxidative stress. 

Nutrients
Betaine (trimethylglycine), and l-histidine Protein digestion enhancers; 

50–100 mg betaine with each meal and 500 mg l-histidine 

30 min before each meal can improve stomach protein digestion 

by helping maintain or restore adequate stomach digestive acid; 

Heidelberg test recommended to confi rm stomach acid status; 

unwell people likely to be functionally hypochlorhydric.

continued 
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that grows in India, Southeast Asia, and the Philippines. The antidiabetic properties of CRA include 

inhibition of gluconeogenesis and promotion of glycolysis. Forty-eight mg of CRA daily as a 1% 

standardized extract has shown to be effective in blood glucose reduction [97].

PHARMACOLOGY

The average glucose-lowering effect of the major classes of oral antidiabetic agents is broadly simi-

lar, averaging a 1% to 2% reduction in HbA1c with alpha-glucosidase inhibitors being rather less 

effective. Of note, neither sulphonylureas nor biguanides appreciably alter the rate of progression 

of complications in patients with type 2 diabetes [108]. Drug interactions have been extensively 

reviewed elsewhere [109].

Drug-Nutrient Interactions
Oral antidiabetic agents and nutrient interactions are reviewed in Table 18.4.

Metformin use increases homocysteine and decreases folate and vitamin B12 concentrations 

[110]. Older diabetics are more prone to this complication, since vitamin B12 defi ciency affects at 

least a fi fth of the elderly and may present as accelerated cognitive decline and neuropathy [110, 111]. 

Diabetics often have slow intestinal transit causing bacterial overgrowth and vitamin B12 malab-

sorption. Vitamin B12-intrinsic factor complex uptake by ileal cell membrane receptors is calcium 

dependent, and metformin affects calcium-dependent membrane action. Management options 

include calcium, folate, and hydroxocobalamin supplementation since hydroxocobalamin does not 

require intrinsic factor for absorption or withdrawal of metformin.

Fixed-dose pioglitazone-metformin combination tablets are best taken with food to reduce 

gastrointestinal side effects [112]. Rosiglitazone given alone can be administered without regard 

to meals unlike glipizide (glucotrol) [113]. Grapefruit juice is rich in polyphenolics that induce 

cytochromes and thereby alter kinetics of statins, dihydropyridines, and repaglinide in particular, 

increasing hypoglycemia risk [114].

Nutrients Role in Diabetes

Magnesium 400–1000 mg daily as glycinate, citrate, ascorbate, or other fully 

ionized forms. Uptake is enhanced with concurrent choline 

citrate to form neutral charge droplet easily taken up by small 

intestine.

Chromium: can be enhanced with biotin, 

taurine, vanadium

800–1000 μg/day as picolinate or citrate. Improves lean body 

mass and insulin sensitivity.

Iodine Thyroid disorders more likely with diabetes; need for iodine 

levels.

Zinc With other antioxidants useful for diabetic retinopathy.

Ascorbate Adequate to quench free radicals and keep C-reactive protein 

< 0.5.

Vitamin E 400–3200 IU/day only as mixed natural tocopherols. D-alpha 

tocopherol acetate or succinate not recommended.

Alpha lipoic acid 600 mg alpha lipoic acid twice daily can be neuroprotective in 

diabetes.

Acetyl carnitine 500–1000 mg/day can improve nerve conduction and pain 

reduction.

Source: [86–107].

TABLE 18.3 (continued)

TAF-67621-08-0801-C018.indd   292TAF-67621-08-0801-C018.indd   292 12/19/08   7:36:32 PM12/19/08   7:36:32 PM



Diabetes 293

TA
B

LE
 1

8.
4

D
ia

be
te

s 
Ph

ar
m

ac
ol

og
y 

an
d 

N
ut

ri
en

ts
 

Ph
ar

m
ac

ol
og

ic
al

 
A

ge
nt

M
ec

ha
ni

sm
 

of
 A

ct
io

n
C

lin
ic

al
 C

on
si

de
ra

ti
on

s
N

ut
ri

en
t 

C
on

si
de

ra
ti

on
s

Fo
od

 I
nt

er
ac

ti
on

s

S
u
lf

o
n
y
lu

re
as

: 
fi 

rs
t 

g
en

er
at

io
n
 

(c
h
lo

rp
ro

p
am

id
e,

 t
o
lb

u
ta

m
id

e)
 a

n
d
 

se
co

n
d
 g

en
er

at
io

n
s 

(g
ly

b
u
ri

d
e,

 

g
li

p
iz

id
e 

&
 g

li
m

ep
ir

id
e)

S
ti

m
u
la

te
 i

n
su

li
n
 s

ec
re

ti
o
n
 b

y
 

b
in

d
in

g
 t

o
 r

ec
ep

to
rs

 o
n
 t

h
e 

p
an

cr
ea

ti
c 

b
et

a 
ce

ll
.

M
et

ab
o
li

ze
d
 i

n
 t

h
e 

li
v
er

 v
ia

 t
h
e 

cy
to

ch
ro

m
e 

P
4
5
0
 s

y
st

em
.

S
ec

o
n
d
ar

y
 b

en
efi

 t
: 

d
ec

re
as

e 
L

D
L

, 

in
cr

ea
se

 H
D

L
 t

o
 n

o
rm

al
 l

ev
el

s.

R
is

k
s:

 w
ei

g
h
t 

g
ai

n
, 
h
y
p
o
g
ly

ce
 m

ic
 

ep
is

o
d
es

.

M
in

o
r

T
o
 b

e 
av

o
id

ed
 w

it
h
 a

lc
o
h
o
l.

 F
o
r 

g
li

p
iz

id
e:

 3
0
 m

in
u
te

s 
b
ef

o
re

 a
 

m
ea

l 
re

co
m

 m
en

d
ed

 f
o
r 

o
p
ti

m
u
m

 r
es

u
lt

s.

M
eg

li
ti

n
id

es
: 

re
p
ag

li
n
id

e 
an

d
 n

at
eg

li
n
id

e 

(g
li

n
id

es
)

S
im

il
ar

 t
o
 s

u
lf

o
n
y
lu

re
as

.

M
et

ab
o
li

ze
d
 i

n
 t

h
e 

li
v
er

 v
ia

 t
h
e 

cy
to

ch
ro

m
e 

P
4
5
0
 s

y
st

em
.

M
o
re

 f
av

o
ra

b
le

 s
af

et
y
 p

ro
fi 

le
 t

h
an

 

su
lf

o
n
y
lu

re
as

, 
es

p
ec

ia
ll

y
 i

n
 p

at
ie

n
ts

 

w
it

h
 r

en
al

 f
ai

lu
re

. 

S
p
ec

ifi
 c

 c
au

ti
o
n
 w

it
h
 t

h
e 

fo
ll

o
w

in
g
 

m
ed

ic
at

io
n
s:

 R
if

am
p
ic

in
, 
C

ic
lo

sp
o
ri

n
, 

g
em

fi 
b
ro

zi
l,

 a
n
d
 r

ep
ag

li
n
id

e.
 A

ls
o
, 

st
at

in
s 

su
ch

 a
s 

si
m

v
as

ta
ti

n
 a

n
d
 l

o
v
as

ta
ti

n
.

M
in

o
r

T
h
ey

 h
av

e 
a 

ra
p
id

 e
li

m
in

at
io

n
 

ra
te

, 
so

 r
ec

o
m

m
en

d
ed

 t
o
 b

e 

ta
k
en

 a
t 

th
e 

b
eg

in
n
in

g
 o

f 
a 

m
ea

l 

N
o
t 

to
 b

e 
ta

k
en

 w
it

h
 g

ra
p
ef

ru
it

 

ju
ic

e 
as

 i
t 

ca
n
 e

n
h
an

ce
 i

ts
 

ef
fe

ct
 p

re
ci

p
it

at
in

g
 

h
y
p
o
g
ly

ce
m

ia
. 

B
ig

u
an

id
es

 

(m
et

fo
rm

in
)

 R
ed

u
ce

 h
ep

at
ic

 g
lu

co
se

 p
ro

d
u
ct

io
n

M
et

fo
rm

in
: 

R
ed

u
ct

io
n
 i

n
 T

G
, 
L

D
L

, 
to

ta
l 

ch
o
le

st
er

o
l,

 H
b
A

1
C

 a
n
d
 i

n
su

li
n
, 

re
d
u
ci

n
g
 o

x
id

at
iv

e 
st

re
ss

.

G
I 

d
is

co
m

fo
rt

, 
ra

re
 l

ac
ti

c 
ac

id
o
si

s.

F
o
la

te
 a

n
d
 v

it
am

in
 B

1
2
. 

In
tr

in
si

c 
fa

ct
o
r 

is
 c

al
ci

u
m

 

d
ep

en
d
en

t 
so

 

su
p
p
le

m
en

ta
ti

o
n
 o

f 

ca
lc

iu
m

 m
ay

 b
e 

in
d
ic

at
ed

 t
o
o
. 

In
cr

ea
se

 i
n
 h

o
m

o
cy

st
ei

n
e 

le
v
el

s.

D
u
e 

to
 r

is
k
 o

f 
b
o
n
e 

lo
ss

, 

b
o
n
e 

n
u
tr

ie
n
t 

su
p
p
le

m
en

ta
ti

o
n
 i

s 

re
co

m
m

en
d
ed

T
o
 m

in
im

iz
e 

G
I 

d
is

tu
rb

an
ce

s,
 

re
co

m
m

en
d
ed

 t
o
 b

e 
ta

k
en

 

w
it

h
 f

o
o
d
.

co
nt

in
ue

d

TAF-67621-08-0801-C018.indd   293TAF-67621-08-0801-C018.indd   293 12/19/08   7:36:32 PM12/19/08   7:36:32 PM



294 Food and Nutrients in Disease Management

Ph
ar

m
ac

ol
og

ic
al

 
A

ge
nt

M
ec

ha
ni

sm
 

of
 A

ct
io

n
C

lin
ic

al
 C

on
si

de
ra

ti
on

s
N

ut
ri

en
t 

C
on

si
de

ra
ti

on
s

Fo
od

 I
nt

er
ac

ti
on

s

T
h
ia

zo
li

d
in

ed
io

n
es

 

(r
o
sg

li
ta

zo
n
e,

 p
io

g
li

ta
zo

n
e)

Im
p
ro

v
e 

in
su

li
n
 a

ct
io

n
.

M
et

ab
o
li

ze
d
 i

n
 t

h
e 

li
v
er

 v
ia

 t
h
e 

cy
to

ch
ro

m
e 

P
4
5
0
 s

y
st

em
. 

D
ec

re
as

e 
in

 h
o
m

o
cy

st
ei

n
e.

R
o
sg

li
ta

zo
n
e:

 r
ed

u
ct

io
n
 i

n
 T

G
, 

L
D

L
, 
to

ta
l 

ch
o
le

st
er

o
l,

 H
b
A

1
C

 a
n
d
 

in
su

li
n
, 
re

d
u
ci

n
g
 o

x
id

at
iv

e 
st

re
ss

;

in
cr

ea
se

d
 r

is
k
 o

f 
m

y
o
ca

rd
ia

l 
in

fa
rc

ti
o
n
 

an
d
 h

ea
rt

 f
ai

lu
re

; 
fr

ac
tu

re
 r

is
k
 i

n
 w

o
m

en
, 

an
d
, 
fo

r 
ro

si
g
li

ta
zo

n
e,

 m
o
re

 r
ap

id
 b

o
n
e 

lo
ss

. 
T

o
 b

e 
u
se

d
 w

it
h
 c

au
ti

o
n
 i

n
 p

eo
p
le

 

w
it

h
 h

ep
at

ic
 d

y
sf

u
n
ct

io
n
.

S
p
ec

ifi
 c

 c
au

ti
o
n
 w

h
en

 c
o
m

b
in

ed
 w

it
h
 

st
at

in
s.

N
o
 e

ff
ec

t 
o
f 

fo
o
d
 o

n
 a

ct
io

n

In
cr

et
in

 a
n
al

o
g
u
es

: 
ex

en
at

id
e 

an
d
 r

im
o
n
ab

an
t 

(i
n
je

ct
ab

le
)

S
ti

m
u
la

te
 i

n
su

li
n
 s

ec
re

ti
o
n
 

fr
o
m

 p
an

cr
ea

ti
c 

b
et

a 
ce

ll
; 

sl
o
w

er
 

ab
so

rp
ti

o
n
 o

f 
ca

rb
o
h
y
d
ra

te
 

fr
o
m

 t
h
e 

g
u
t.

A
cc

el
er

at
ed

 w
ei

g
h
t 

lo
ss

.

N
au

se
a,

 d
ia

rr
h
ea

, 
v
o
m

it
in

g
.

N
o
 s

p
ec

ifi
 c

 i
n
te

ra
ct

io
n
s 

y
et

 i
d
en

ti
fi 

ed
.

N
o
t 

to
 b

e 
ta

k
en

 a
ft

er
 m

ea
ls

.

So
ur

ce
: 

[1
1
0
–
1
1
6
].

TA
B

LE
 1

8.
4 

(c
on

ti
nu

ed
)

TAF-67621-08-0801-C018.indd   294TAF-67621-08-0801-C018.indd   294 12/19/08   7:36:32 PM12/19/08   7:36:32 PM



Diabetes 295

Pancreatic/Islet Transplantation and Stem Cell Research
A successful whole pancreas or islet transplant offers the advantages of attaining normal or near 

normal blood glucose control and normal HbA1C levels without causing severe hypoglycemia that 

is associated with intensive insulin therapy. Pancreatic transplantation, however, carries with it a 

signifi cant risk of surgical and postoperative complications. Although islet transplantation is less 

invasive it may not always achieve the sustained level of tight glucose control [117]. Due to the lim-

ited number of donor islet cells available, stem cell research is being actively investigated [118,119]. 

There is potential for synergistic treatment between nutrient interventions and stem cell research.

VI. CONCLUSIONS

Prevention is important with any disease, but none more poignant than diabetes. With an epidemic 

that causes disease earlier in life, women of childbearing age are increasingly affected by diabetes. 

Newly emerging research on epigenetics suggests that the in utero nutritional environment is a sig-

nifi cant risk factor in the development of diabetes, and the clinical implications are profound.

Diabetes can be predicted by laboratory testing years before clinical manifestations occur and 

nutritional therapies have been demonstrated to be effective throughout the disease course. Dietary 

patterns, foods, phytonutrients, minerals, and vitamins can improve glycemic control. Diets with high 

antioxidant capacity, rich in fi ber, and alkalinizing are recommended. The quality of the macronutri-

ents in the diet may be more important than the precise ratio of fats, carbohydrates, and protein.

Physicians should be aware of food and nutrient-drug interactions with antihyperglycemic 

agents (Table 18.4). Both the disease process and the medications used to treat it place patients 

with diabetes at added risk of nutrient defi ciencies. Adjuncts to medical treatment are listed in 

Table 18.3 [86–107]. Both diagnostic tests and the presence of specifi c organ damage can guide 

nutrient recommendations for a specifi c patient. Nutritional medicine should be patient centered and 

comprehensive.
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19 Obesity

Primary Care Approaches 
to Weight Reduction

Ingrid Kohlstadt, M.D., M.P.H.

I. INTRODUCTION

A 10% reduction in weight improves overall health among obese and overweight individuals. This 

vital public health message raises an important question. What is the physician’s role in helping 

patients lose weight?

Since advice from health care professionals can signifi cantly increase patient motivation and 

a medical doctor is perceived as the best source of health information [1], it is sometimes recom-

mended that physicians add dietary counseling to already full offi ce visits. The U.S. Preventive 

Services Task Force found fair to good evidence for intensive behavioral dietary counseling where 

obesity increases disease risk [2]. However, nutritionists, dieticians, and specifi cally trained nurses 

also provide dietary counseling, often more cost-effectively than physicians [2].

This chapter refocuses the physician’s role in weight management on diagnosing and treating 

underlying metabolic disturbances. The emerging epidemiology and pathophysiology build a basis 

for the recommended food and nutrient therapies.

II. EPIDEMIOLOGY

Epidemiologic trends can help physicians assess risk of obesity and its complications:

Obesity consistently affects women at higher rates than men.• 

All racial and ethnic groups appear vulnerable despite unique dietary and genetic factors.• 

The rapid rise in obesity exceeds what can be explained by genetic factors alone. The • in 
utero environment and neonatal nutrition exert infl uences on genetic expression, not previ-

ously known to be possible.

Not only is obesity affecting more people than ever before, its onset is also occurring • 

at younger ages, giving rise to subepidemics of previously rare medical conditions such 

as slipped capital femoral epiphysis, polycystic ovary syndrome, precocious puberty, and 

childhood onset of type 2 diabetes.

There is growing evidence for a causal role between obesity and the risk factors in Table 19.1.

TAF-67621-08-0801-C019.indd   301TAF-67621-08-0801-C019.indd   301 12/19/08   7:36:51 PM12/19/08   7:36:51 PM



302 Food and Nutrients in Disease Management

III. PATHOPHYSIOLOGY

Obesity is not a caloric accounting error. It cannot be fully explained by overeating and underexer-

cising. Pathophysiology points to complex, redundant, multifactorial disturbances.

MALNUTRITION

Overconsumption of calories does not imply adequate nutrition. Data from a representative sample 

of the U.S. population demonstrates the opposite: Obesity increases the pretest probability of several 

correctable micronutrient defi ciencies [3]. Poor nutrient intake can partially explain micronutrient 

TABLE 19.1
Modifi able Risk Factors for Obesity, Suggested by Epidemiologic Data
• Increased caloric intake from beverages

• Heightened adrenocortical response (stress) in daily living

• Shift in dietary fat quality toward saturated and processed fats

• Decreased intake of dietary fi ber

• Forfeiting lactation’s protection against obesity for both mother and infant

• Stressors in the fetal environment that increase nongenetic heritable risk factors for obesity

• Exposure to chemicals that act as endocrine disruptors

• Iatrogenic factors such as drug-nutrient interactions

•  Indoor living, which is generally accompanied by declining physical activity, altered circadian pattern, insidious 

dehydration from drier air, and less sun exposure

TABLE 19.2
Common Medications Known to Alter Nutrients Central to Metabolism

Medication Nutrient Mechanism

Coumadin Vitamin K

Lutein

Blocks enzyme that synthesizes vitamin K. Avoidance 

of dark green leafy vegetables.

Iron Chromium Competitive absorption.

Antibiotics Vitamins K and B Destroy intestinal fl ora that synthesize these vitamins.

Corticosteroids Calcium; Vitamin D; 

Chromium

Reduce active D; decrease calcium absorption; increase 

chromium losses.

Bile acid sequestrants;

Orlistat

Fat-soluble vitamins Decrease absorption and low-fat diet.

Diuretics Magnesium, Zinc Increase urinary losses.

Digoxin Calcium; Magnesium Increases urinary losses.

Beta Blockers Coenzyme Q10 Antagonize enzyme needed for synthesis.

HMG-CoA reductase inhibitors Coenzyme Q10 Block enzyme needed for synthesis.

Sulfonylureas Coenzyme Q10 Inhibit NADH-oxidase enzyme.

Biguanides Vitamin B12 Competitive absorption.

NSAIDs Folate Competes with enzymatic synthesis.

H2 blockers and proton pump 

inhibitors

B12, Calcium, Protein Decrease absorption by increasing gastric pH. 

Theophylline Vitamin B6 Inhibits enzyme.

Anticonvulsants (most)

and lithium

Vitamin D; Folate; 

L-carnitine

Interfere with metabolism; low serum levels.

Source: Adapted from [53]. With permission.
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inadequacies. Obesity is associated with consuming highly processed fats and refi ned carbohydrates 

sometimes called “empty calories.” Childhood diets high in sucrose are low in nutrients [4]. Additionally, 

obesity requires higher amounts of several nutrients because of infl ammation, oxidative stress, mito-

chondrial dysfunction, malabsorption, and biophysical factors. Frequently overlooked in clinical prac-

tice are iatrogenic causes of micronutrient defi ciencies, such as medication side effects (Table 19.2).

INFLAMMATION AND INSULIN RESISTANCE

Many of obesity’s comorbidities (Table 19.3) are diseases of infl ammation and impaired insulin sig-

naling. Abdominal obesity is associated with unfavorable elevations in laboratory markers such as 

C-reactive protein, oxidized LDL [5], liver function tests, glycosylated hemoglobin, triglycerides, 

TABLE 19.3
Medical Complications of Obesity and Obesity-Exacerbating Conditions

Medical Complications of Obesity Obesity-Exacerbating Conditions Responsive
to Food and Nutrients

Idiopathic intracranial hypertension

Stroke

Alzheimer’s disease

Parkinson’s disease

Cataracts

Coronary heart disease:

Hypertension

Diabetes

Dyslipidemia

Obstructive sleep apnea

Hypoventilation syndrome

Asthma

Gastroesophageal refl ux disease

Nonalcoholic fatty liver disease

Pancreatitis

Cholecystitis

Nephrolithiasis

Chronic kidney disease

Reproductive health:

Male infertility

Female infertility in general

Polycystic ovary syndrome (PCOS)

Complications of pregnancy

Diffi culty in lactation

Compromised in utero environment

Precocious puberty

Cancers

Delayed wound healing and skin infections

Phlebitis

Gout

Orthopedic conditions:

Osteoarthritis, especially of the knee

Slipped capital femoral epiphysis

Nerve entrapment syndromes

Chemosensory disorders

Asthma

Hypochlorhydria

Nonalcoholic fatty liver disease:

Elevated triglycerides

Steatosis

Steatohepatitis

Depression

Sleep disturbance:

Obstructive sleep apnea

Restless leg syndrome

Dyssynchronosis

Subclinical hypothyroidism

Type 2 diabetes

Polycystic ovary syndrome

Osteomalacia

Muscle atrophy

Peripheral edema
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and glucose. Laboratory markers are intermediate outcome measures that can guide the manage-

ment of obesity as well as its comorbidities.

DISPROPORTIONATE (ALLOMETRIC) GROWTH OF ADIPOSE

Obesity poses biophysical challenges. When adipose tissue exceeds lean tissue there are several 

downstream consequences for the metabolism:

1. Paucity of body water 

Fat is relatively anhydrous. While a healthy weight adult has 60% to 65% body water, someone who 

is extremely obese may have a total body water of 30%. Disproportionate (allometric) growth of 

adipose may increase vulnerability to dehydration [6].

2. Suppressed metabolic rate 

Body water is involved in removing heat and chemical by-products from metabolic reactions. In 

order to satisfy the physiologic priorities of temperature and pH, exothermic, acid-producing, meta-

bolic reactions such as fat oxidation may be suppressed, which could help explain why proportional 

metabolic rate decreases with extreme obesity [7].

3. Transport of fat-soluble nutrients and toxins 

Vitamin D travels from the epidermis where it is synthesized to the liver where it becomes partially 

activated. Obesity is associated with low levels of vitamin D in the serum and adequate levels in 

adipose tissue. Other fat-soluble vitamins such as lutein, xeoxanthin, and lycopene may be similarly 

stored in adipose, rendering the nutrients unavailable elsewhere. Also inadequately studied are the 

adverse effects of fat-soluble toxins released into circulation during weight reduction.

ATROPHY

Muscle loss can cause and often heralds obesity. Skeletal muscle has approximately three times the 

metabolic rate of adipose tissue, so muscle loss without reduced calorie intake is likely to lead to 

weight gain.

Obesity is associated with infl ammation, nutrient defi ciencies, ineffi cient use of dietary • 

protein, and impaired IGF-1, all of which damage muscle tissue.

Obesity may limit the physical activity needed for maintenance of lean tissue.• 

Losing weight and regaining it (yo-yo dieting) nets muscle loss because adipose is regained • 

more quickly than muscle.

Obesity can mask muscle atrophy and delay diagnosis of sarcopenic obesity.• 

Obesity may have resulted from medications that simultaneously increase adipose and • 

decrease lean tissue.

Obesity alters protein usage, leaving inadequate protein for anabolic functions.• 

In striking contrast to dieting humans, hibernating mammals and aestivating frogs preserve • 

skeletal muscle, suggesting there is more to learn about the molecular controls of muscle 

and fat accumulation [8].

HOMEOSTASIS

The most successful diets are those to which patients can adhere. Adhering to a diet generally takes 

more than willpower [9]. Willpower is swimming in a riptide of homeostatic mechanisms involving 

the gut-brain axis, interrelated hypothalamic centers, and other regions of the brain that evolution-

arily predate the neocortex.

While the body strives for a state of biochemical balance known as metabolic homeostasis, 

obesity is homeostasis at the wrong benchmark. Successful weight reduction must overcome the 

body’s internal workings and create “unhomeostasis” until a new benchmark can be obtained and 
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maintained. Subtle cues of circadian patterns, neurotransmitter suffi ciency, meal timing, rate of 

eating, smell and taste as appetite stimulants, the glycemic index of foods, the extent to which food 

extends the stomach, and the availability of digestive enzymes can become important factors in diet 

adherence during “unhomeostasis.” During “unhomeostasis” patients can be more vulnerable to 

medications that infl uence appetite and satiety (Table 19.4).

EARLY ENVIRONMENTAL FACTORS

Adulthood risk for obesity is greatly infl uenced in utero. Heritable factors are often mistaken 

to be synonymous with genetic factors and the powerful infl uence of the in utero nutritional 

environment is therefore overlooked. The in utero environment could be more hazardous now. 

Because obesity is occurring at younger ages, women of childbearing age may be passing obesity 

on to their children, not primarily because of genetics, but epigenetics, the nutritional milieu in 

which the genes are “read.” Several lines of evidence have recently converged to conclude that 

healthful choices prior to and during pregnancy confer on the fetus lifelong protection against 

obesity.

Animal research models: When mice inherit a gene known to cause obesity, they vary • 

in the degree this gene is expressed based on their in utero environment. For example, 

bisphenol-A is a toxin from plastics detected in most Americans. Bisphenol-A can cause 

the obesity gene to be expressed, while genisten found in soy and folate found in vegetables 

can counteract the toxin and switch the obesity gene off [10, 11].

Studies of twins that have traditionally been used to distinguish nature from nurture are • 

limited in separating genetic infl uences from the in utero environment, because two-thirds 

of monozygotic twins have a shared placenta. The monozygotic twins with a shared pla-

centa have not only common DNA but also a common nutrient supply line. Twins with a 

TABLE 19.4
Neuroendocrine Messengers of Appetite Regulation

Increase Appetite
Promote Weight Gain

Decrease Appetite
Promote Weight Loss

Neuropeptides • Neuropeptide Y 

• Galanin

• Bombesin

• Enterostatin (central action)

• Corticotrophin releasing hormone 

• Melanocyte stimulating hormone 

•  Peptide analogues and antagonists 

(under development)

Neurotransmitters • Serotonin antagonists 

• Dopamine antagonists 

• Mu and Kappa opioids 

• Gamma amino butyric acid

• Histamine H1 antagonists 

• Norepinephrine α receptor agonists

• Serotonin agonists and reuptake inhibitors

•  Dopamine agonists and reuptake inhibitors

•  Mu and Kappa opioid antagonists 

(under development) 

• Histamine H1 receptor agonists

• Norepinephrine β receptor agonists

Central Action of 
Peripheral Hormones

• Insulin 

• Ghrelin (potentiating role)

• Glucocorticoids

• Adipocytokines (other than adiponectin)

• Androgens 

• Progestins 

• Glucagon-like peptide-1 

• Leptin 

• Cholecystokinin

• Adiponection

• Estrogen 

• Gut hormone peptide YY [55]

Source: Adapted from [54]. With permission.
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shared placenta may be more likely to have similar adult weight than either dizygotic twins 

or monozygotic twins with separate placentas.

Maternal starvation during the fi rst half of pregnancy confers a greater risk of obesity and • 

diabetes on the adult children [12].

Women of childbearing age with type 2 diabetes have offspring who are at greater risk of • 

childhood obesity and insulin resistance [13].

Lactation, often considered an extension of the • in utero environment, is protective against 

obesity in adulthood.

SEX HORMONE IMBALANCES

Testosterone, estrogen, and progesterone greatly infl uence muscle accretion and fat oxidation. 

Surgery, diseases, medications, and toxin exposures can contribute to obesity by disrupting sex hor-

mones from age- and gender-appropriate levels.  Obesity in turn can exacerbate the hormone imbal-

ance. Adipose tissue is an endocrine organ that converts androgens to estrogen. Steatohepatitis 

compromises the liver’s ability to neutralize foreign estrogens and interconvert endogenous hor-

mones. Medical efforts directed at restoring age- and gender-appropriate hormone levels can help 

patients adhere to their diets.

Infl uence of sex hormones on appetite is subtle but measurable. Women’s monthly hormone fl uc-

tuations infl uence calorie intake (Figure 19.1). During obesity and weight reduction the propensity 

to overeat during the luteal (premenstrual) phase can be exaggerated. Familiarity with this biologic 

tendency can help women avoid overeating.

IV. PATIENT EVALUATION

PATIENT HISTORY

Concise and clinically useful questions include the following:

1. What do you eat for breakfast? 

Eating breakfast improves metabolic rate. Patients who skip breakfast miss out on boosting their 

metabolic rate and may have underlying insulin resistance and elevated triglycerides. Food selection 

at breakfast can prevent or promote food cravings throughout the day.
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FIGURE 19.1 Calorie intake fl uctuates with the phases of the menstrual cycle. (Adapted from [42]. With 

permission.) 
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2. How is your digestion? 

Irregular bowel patterns, heartburn, and constipation infl uence food selection. Impaired digestion 

can point to gallbladder disease, use of artifi cial sweeteners, food reactivities, and an opportunity to 

increase fi ber, magnesium, vitamin C and hydration.

3. What has helped you lose weight in the past? 

Diet patterns, nutritional programs, supplements, prescription medications, surgeries, and fi tness 

programs that have been helpful in the past are likely to be helpful again as the patient’s metabolism 

is optimized. Nonmedically advised weight loss, eating disorders, depressed mood, and risks for 

muscle atrophy might also be identifi ed.

PHYSICAL EXAM

The following components of a comprehensive physical exam tend to be underutilized in weight 

management.

1. Monitoring fat reduction instead of weight reduction

Body mass index (BMI) is a well-established screening tool for adult obesity, but an insuffi cient 

monitoring tool since it does not distinguish between adipose and lean tissue. As a patient’s weight 

changes or is anticipated to change, an assessment of body composition is a meaningful benchmark. 

Reduction in adipose tissue can be estimated by monitoring waist circumference, waist to hip ratio, 

bioimpedence [14], and resting metabolic rate. Clinical assessment can be supported by imaging 

studies. Dual energy x-ray absorptiometry (DEXA) can technically assess bone densitometry and 

body composition in the same scan, although not all facilities utilize both features.

2. Examining the oral cavity

Dental pain and poor dentition greatly infl uence food selection and a patient’s ability to carry out 

dietary recommendations. Saliva that promotes poor dentition is likely to lack the salivary enzymes 

that digest food. Defi ciencies in nutrients intrinsic to metabolism can sometimes be detected or 

suspected by visualizing the oral cavity. Periodontal disease indicates systemic infl ammation and 

measurably increases risk of cardiovascular disease and cancer [15].

3. Assessing hydration status

Dry mucus membranes, pedal edema, poor skin turgor, and a dry mouth generally indicate intracel-

lular dehydration. A lack of improvement in bioimpedence monitoring can also suggest inadequate 

hydration. Since muscle is more hydrous than fat it conducts a current more quickly. Similarly, being 

well hydrated improves bioimpedence results.

4. Screening for chemosensory disorders

Hyposmia alters taste and food selection. Impaired function of cranial nerve I can be diagnosed 

using the Alcohol Sniff Test (Chapter 3, “Chemosensory Disorders”).

MEDICATION REVIEW

Medications alter appetite (Table 19.4) and reduce nutrient availability (Table 19.2).

LABORATORY EVALUATION

Laboratory tests can guide patient-centered weight management (Table 19.5).

OBESITY-EXACERBATING CONDITION EVALUATION

Obesity-exacerbating conditions (OECs) (Table 19.3) cause obesity by unfavorably altering metabo-

lism or interfering with diet and exercise programs. OECs are often underdiagnosed and untreated 

despite effective medical and nutritional therapies.
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1. Sleep apnea

Obesity has long been known to cause sleep apnea. Recent research has demonstrated that sleep 

apnea contributes to insulin resistance and even in patients with a healthful weight, sleep apnea 

is obesigenic [16]. The adverse metabolic effects of apnea predispose children ages 2 to 4 years to 

adult obesity [17]. Treatment with positive airway pressure should not be delayed due to intended 

weight reduction, but used in conjunction [18].

2. Chemosensory disorders

Diminished or altered taste and smell can be acquired during disease states, from medications, 

and following cancer treatment. Patients are often unaware that they are salting and sweetening 

their food in excess. Sometimes the diagnosis alone can provide suffi cient impetus for a patient to 

reestablish healthful eating habits. Use of tastants and spices, and restoring healthful levels of phos-

photidyl choline, zinc, and B vitamins, can also improve symptoms [19, 20].

3. Polycystic ovary syndrome (PCOS)

PCOS is associated with dietary obstacles such as sweet cravings, obesigenic fertility medications, 

bulimia nervosa, central adiposity, low cholecystokinin (a satiety peptide), and insulin resistance 

[21, 22]. Nutritional strategies that improve insulin sensitivity can be effectively applied to patients 

with PCOS.

4. Gastroesophageal refl ux disease (GERD)

Obesity exacerbates GERD and medications that treat refl ux can reduce vitamin B12 [23]. There 

are several methods to assay vitamin B12 status (Table 19.5). Restoring vitamin B12 also improves 

occult peripheral nerve damage, which can limit exercise, predispose to injury, and make physical 

activities painful.

5. Osteomalacia

Low-fat diets, increased body fat, and fat-malabsorbing obesity treatments lower serum vitamin 

D levels and may contribute to the high pretest probability of low vitamin D among overweight 

women [3]. Low vitamin D in turn can forestall weight loss by perpetuating insulin resistance, 

lowering mood, making physical activity more diffi cult, and causing musculoskeletal pain known 

as osteomalacia [3, 24, 25]. Even though it is a relatively late manifestation of vitamin D defi ciency, 

osteomalacia is frequently misdiagnosed.

6. Subclinical hypothyroidism

The NHANES III data suggest that 1 in 10 Americans are defi cient in iodine [26]. Iodine defi ciency 

as a contributing cause of subclinical hypothyroidism is frequently overlooked and undertreated. 

Weight reduction diets are frequently low in iodine-fortifi ed salt and high in goiterogenic soy prod-

ucts, which therefore potentially worsen iodine defi ciency. Ethnic diets high in soy are also high 

in iodine-rich seaweed. Seaweed and selenium-rich foods can effectively provide thyroid support 

(Chapter 16, “Hypothyroidism”).

7. Nonalcoholic fatty liver disease

Even in its earliest stages, fatty liver interferes with weight loss. As triglycerides accumulate in 

the bloodstream in excess of 100 mg/dL, the attached fatty acids become less available for energy 

production. Avoidance of trans fats and refi ned carbohydrates can improve metabolism. Eventually 

steatosis impairs the liver’s metabolism of sex hormones and detoxifi cation of fat-soluble toxic 

chemicals.

8. Muscle atrophy

Obesity and muscle atrophy can coexist in a condition known as sarcopenic obesity, which suggests 

obesity more advanced than indicated by BMI alone. Obese people with greater lean tissue and fi t-

ness had measurably lower mortality than people with an equally high BMI who were less fi t [27]. 

Nutritional interventions can reduce sarcopenia in a high-risk population [28].
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9. Peripheral edema

Edema is worsened by excessive dietary intake of sodium, which is primarily an extracellular elec-

trolyte. Inadequate dietary intake of the primarily intracellular electrolytes magnesium and potas-

sium also exacerbates edema. Supplemental magnesium and potassium can reduce edema, improve 

hydration, and relieve symptoms that hinder lifestyle management of obesity and require obesigenic 

medications [6].

10. Depression and emotional eating

Depression and emotional eating are both associated with insuffi ciency of the neurotransmitters 

serotonin, dopamine, and possibly gamma-aminobutyric acid (GABA). Newer antidepressants and 

anticonvulsants [29] that potentiate the same neurotransmitters are being used, sometimes off-label, 

for weight management. A similar role for the amino acid precursors of neurotransmitters is pos-

ited here. Treating depression (Chapter 29, “Depression”) with amino acids can improve patient 

adherence. Sometimes patients initiate amino acids, which are available as supplements. Medical 

supervision is urged.

11. Asthma

Asthma interferes with aerobic exercise. Clinical management often requires obesigenic medica-

tions. Nutritional strategies (Chapter 8, “Asthma”) can reduce the dosage and number of medications 

required.

SPECIAL CIRCUMSTANCES

1. Lactation

Breastfeeding helps mothers shed the weight gained during pregnancy. At the same time breast-

feeding protects the infant from obesity later in life. However, mothers with a BMI over 30 are 

less likely to initiate lactation. They have delayed onset of lactation, experience less prolactin 

response to suckling, and are prone to early cessation of breastfeeding. Anticipation of and ade-

quate preparation for these barriers can help overcome them. Interventions include optimizing 

prenatal weight gain, limiting maternal-newborn separation, and massage or pumping of the 

breasts [30]. 

2. Childhood obesity

Childhood onset of obesity adds urgency to weight reduction. Eighty percent of obese children 

become obese adults, comorbidities appear earlier in adults who were obese as children, and obesity 

in childhood reduces overall life expectancy [13]. While special attention is important to the social 

and behavioral components of eating, food and nutrient interventions should be early and intensive. 

When small children are unable to innately regulate calorie intake, it usually signals a metabolic 

disturbance. Often overlooked are the opportunity to correct metabolic disturbances secondary to 

OECs, especially musculoskeletal disorders, delayed healing time from injuries [31], depression, 

asthma, sleep disorders, and vitamin D defi ciency.

3. Prior bariatric surgery

Surgical treatment of obesity extends life [32, 33]. A 10-year follow-up study identifi ed surgi-

cal weight reduction as 10-fold more effective than lifestyle intervention and medication [34]. 

Bariatric surgery is no longer limited to permanent procedures. Reversible banding has achieved 

successful results as part of a comprehensive treatment of lifestyle modifi cation, nutritional medi-

cine, and surgery. Addressing nutrient defi ciencies (Table 19.5) following bariatric surgery can 

help prevent weight recidivism [35, 36]. Bariatric surgery does not exclude nutritional interven-

tions. On the contrary, surgical outcomes are enhanced by nutrient optimization and presurgical 

weight loss [36].
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V. TREATMENT RECOMMENDATIONS

Consider starting by diagnosing and treating obesity-exacerbating conditions. A nutritional defi -

ciency, medical disorder, or necessary medication can interfere with weight reduction. Diagnosing 

and treating the underlying metabolic problem can help a patient succeed. Success improves diet 

adherence.

Communicate the “big picture” of needed dietary change and decide which diet to use. The 

Alkaline Diet (Chapter 31, “Osteoporosis”) is low in sugar, high in fi ber, low glycemic index, and 

appropriate in amount and sources of dietary fat. The Alkaline Diet in contrast to many popular 

diets offers latitude in dietary selection. The Mediterranean Diet is a popular Alkaline Diet and can 

be recommended to patients who enjoy and have access to Mediterranean foods. However, alkaline 

diets can be assembled from most ethnic foods. People are more likely to adhere to diets they enjoy 

and those that honor their ethnic traditions.

DIET

Substitutions
An effective method for shifting a patient’s dietary pattern is by implementing a series of substitu-

tions. Substitutions can break down a complex shift in diet into small manageable steps and are one 

of the least diffi cult forms of change. Ideally these changes will be implemented by all those who 

share meals with the patient.

Replace•  trans and other processed fats with unrefi ned oils.

Replace starches with whole grains, vegetables, berry fruits, and other fi ber sources [37].• 

Replace sugar with fl avor.• 

Replace calories with volume [38, 39].• 

Replace caloric beverages with water, herbal tea, and highly diluted juices [40].• 

Replace routine with variety by rotating diets, meal plans, and dining venues to help eating • 

remain an enjoyable, portion-appropriate, and multi-sensory experience.

One commonly used substitution that is unlikely to be benefi cial long term is replacing sugar with a 

low calorie, high intensity (artifi cial) sweetener. Several medically related problems can arise:

The fi rst ingredient in the sweetener packets is usually dextrose. Consuming several pack-• 

ets a day can impede glucose control in patients with diabetes.

Artifi cial sweeteners are orders of magnitude sweeter than sugar. They tend to accustom • 

the palette to a very sweet taste and may thereby increase total calorie intake long-term.

People may not be aware that certain diet foods contain artifi cial sweeteners, making the • 

source of potential side effects such as fl atus and diarrhea diffi cult to diagnose.

Non-absorbed chemicals in the intestinal lumen create an osmotic effect, which commonly • 

contributes to dehydration. Sweeteners do not facilitate water uptake by enterocytes the 

way glucose does.

Weight control during pregnancy is important, but the safety and potential side effects of • 

sweeteners on fetal development are poorly established.

Artifi cial sweeteners and other poorly understood additives may underlie or trigger • 

migraine headaches, attention defi cit hyperactivity disorder, food reactivities, and irritable 

bowel syndrome.

Xylitol and ribose (Chapter 34, “Fibromyalgia and Chronic Fatigue Syndrome”) are sugars with 

unique health benefi ts and can be used instead of sucrose and artifi cial sweeteners. Spices such as 

vanilla and cinnamon can also infuse sweet fl avors, requiring less sugar. Diagnosing and treating 
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chemosensory disorders (Chapter 3, “Chemosensory Disorders”) can also reduce excess sugar 

intake.

Calorie Restriction
Food quality should take precedence over calorie counting and macronutrient ratios. However, 

attention to the following can help patients more easily achieve the necessary calorie restriction.

 1. Eating breakfast reduces total calorie intake and late night eating increases it. Meal timing 

may extend beyond calorie intake, with breakfast favoring fat metabolism and late night 

eating reducing fat metabolism [41].

 2. Eating mindfully reduces total calorie intake, mostly by giving the body suffi cient time to 

experience satiety before overeating.

 3. Increasing dietary fi ber to 40 g/day increases the volume of food, which increases satiety 

and reduces overall food intake.

 4. Eating calories rather than drinking calories also reduces total calorie intake.

 5. Women of childbearing age can monitor calorie intake more closely as their menstrual 

cycle approaches (Figure 19.1) [42].

NUTRIENTS AND SUPPLEMENTS

Dietary supplements are not evaluated for safety and effi cacy by the Food and Drug Administration 

(FDA) before marketing. Neither are dietary supplements safer than over-the-counter (OTC) or 

prescription medications. Judicious selection of therapeutic foods and supplemental nutrients often 

falls to patients. Physicians can correct patient misperceptions about dietary supplements [43] and 

recommend patients discontinue any dietary supplements that increase metabolic rate at the expense 

of lean tissue, may be of compromised quality, or are taken at inappropriately high doses.

Supplemental nutrients used appropriately can help patients achieve weight maintenance. 

Supplemental nutrients are usually not called diet supplements because they don’t “rev up” 

metabolism. Instead they are used by skilled clinicians to restore optimal metabolic functioning. 

Supplemental nutrients can be used short term and transition patients to nutrient-rich foods.

Fiber

Low-fi ber intake is a key mediator of the obesity epidemic. In the United States the population aver-

ages 10 to 15 g of fi ber a day, less than half of the recommended 25 g for women and 38 g for men. 

Reversing the low-fi ber trend can be an effective component of weight loss [44]:

Low glycemic index foods are generally high in fi ber [45].• 

Fiber adds volume to food, and mechanically stretching the stomach releases gut-synthe-• 

sized satiety peptides [38, 39].

Fiber improves lipid profi les and insulin sensitivity, which enables patients to improve • 

comorbidities and avoid obesigenic nutrient-drug interactions [46].

Fiber reduces infl ammation [47, 48].• 

There are other hypothesized benefi ts that are not easy to quantify. Fiber may reduce • 

intake of endocrine-disrupting fat-soluble toxicants by the same mechanism by which fi ber 

reduces colon cancer risk. Fiber may improve nutrient-synthesizing, pathogen-fi ghting gas-

trointestinal microfl ora, which may additionally exert satiety signals.

Gastrointestinal symptoms frequently limit fi ber’s therapeutic use. Like a fi tness program, one 

can work up to higher fi ber intake, often called improving bowel tolerance. Supplementing dietary 

fi ber in gradually increasing doses can improve bowel tolerance and make use of fi ber’s dietary 

benefi ts. Hydroxypropylmethylcellulose (HPMC) can be supplemented as 2.5 g added to an 8 oz 
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beverage twice daily. While HPMC can be taken with or between meals [49], just before meals or 

during meals is likely to maximize the satiety effect of fi ber. Fiber powders that also contain diges-

tive enzymes and vitamins can serve as snacks or meal substitutes (Chapter 12, “Viral Hepatitis, 

Nonalcoholic Steatohepatitis, and Postcholecystectomy Syndrome”).

Polyunsaturated Fatty Acids
Supplemental polyunsaturated fats effectively prevent and treat many of obesity’s comorbidities, 

increase the fl uidity of mitochondrial membranes thereby facilitating fat oxidation, preserve lean 

tissue during calorie restriction, compensate for impaired delta-6-desaturase enzyme activity, and 

balance the oxidation of highly saturated adipose tissue.

Supplements can be initiated as follows:

 1. Emphasize complete avoidance of trans and other highly processed fats.

 2. Initiate a starting dose, often eicosapentaenoic acid (EPA) 240 mg, docosahexaenoic acid 

(DHA) 160 mg, and gamma-linolenic acid (GLA) 160 mg. Fish oil and evening primrose 

oil can be used.

 3. Recommend fi sh and evening primrose oils over fl ax oil, which contains alpha-linolenic 

acid and linoleic acid. Conversion to EPA and GLA depends on delta-6-desaturase, an 

enzyme often impaired by obesity.

 4. Include GLA even though it is an omega-6 fat. Suboptimal levels can be further impaired 

by supplemental EPA and DHA.

 5. Hold off on conjugated linoleic acid (CLA), which is sometimes promoted for weight 

reduction. It is presently unclear who benefi ts from this microbially derived trans fat. 

A dietary shift away from dairy products and changes in agricultural practice may cause 

low dietary intake of CLA, but other changes in dietary fat are more compelling and war-

rant prioritization.

 6. Several disease states and malabsorption may prompt a red blood cell fatty acid analysis 

(Chapter 24, “Seizures”) to more precisely guide dietary intake and supplement dosage.

 7. The supplemental dosing can serve as a transition to a diet rich in fi sh, nuts, seeds, and 

varied high-quality cooking oils.

Chromium
Body stores of chromium are two orders of magnitude less than iron and too small to measure clini-

cally. Chromium is found in diverse foods, and low chromium is generally not due to inadequate 

intake so a diet history is unhelpful in establishing a chromium defi ciency state. Chromium uptake 

is competitively inhibited by iron, posing hypotheses that supplemental iron and hemochromatosis 

may lower body stores of chromium. Stress and steroid medications appear to increase urinary loss 

of chromium, another mechanism by which a defi ciency state may occur.

Chromium facilitates glucose uptake by the muscles. Defi ciency is more likely in diabetes where 

urinary losses of chromium may be signifi cant. A randomized clinical trial found that chromium 

reduces body fat in those with diabetes when added to conventional oral antihyperglycemic agents [50]. 

There was no demonstrated benefi t in women with a healthy weight on a balanced diet [51]. The aver-

age chromium dose in clinical trials is 400 μg/day and duration of treatment 79 days [52]. Patients with 

insulin resistance and polycystic ovary syndrome may fi nd chromium helpful in managing food crav-

ings. Rather than on a scheduled dosing, 200 μg can be taken twice daily as needed for food cravings.

Protein
Obesity makes getting adequate dietary protein more diffi cult: Greater total protein requirements 

are due to larger size, calorie restriction for weight loss, decreased absorption from impaired diges-

tive enzyme function, increased demand due to infl ammation and exercise, and reallocation for 
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energy production rather than anabolic functions. However, protein is metabolically expensive. 

Protein sources are usually acidifying, high in saturated fat, and energy dense. Clinical interven-

tions can therefore be directed at improving protein absorption.

Some amino acid combinations are utilized more readily for anabolic function than other amino 

acid combinations. Eggs (white and yolk together) are the single best protein source for promoting 

anabolic function. Eggs have a net nitrogen utilization approximately 60% greater than lean meats 

and approximately 150% that of whey and soy protein powders. Patients using soy in high doses 

during dieting may experience goiterogenic effects.

Supplemental essential amino acids are well-absorbed, low-calorie, and more readily utilized 

for anabolic functions. Five grams can be taken twice daily on an empty stomach. Amino acids are 

neurotransmitter precursors. Insuffi cient amino acid precursors for dopamine, serotonin, and possi-

bly GABA may be a signifi cant component of food cravings. Medications that potentiate the action 

of neurotransmitters are sometimes used in weight reduction [29]. The amino acids L-tyrosine and 

5-hydroxytryptophan can be supplemented per Chapter 29, “Depression.” Some patients will expe-

rience reduction in food cravings.

Carnitine
L-carnitine is an organic acid that transports fatty acids to the inner mitochondria for fat oxida-

tion. The body’s ability to synthesize adequate l-carnitine may not be suffi cient during the phase 

of active weight reduction. While found primarily in meats, it can also be supplemented during 

weight reduction where it has been shown to be benefi cial [36]. L-carnitine can be dosed at 1 g 

twice daily (Chapter 6, “Congestive Heart Failure and Cardiomyopathy”). Two grams twice daily 

can lead to gastrointestinal symptoms. Purifi ed l-carnitine should be chosen, not a racemic mixture. 

L-carnitine should be combined with avoidance of trans fats and refi ned carbohydrates.

L-carnitine is most likely to benefi t patients with impaired fat oxidation, identifi ed early as trig-

lycerides in excess of 100 mg/dL. Vegetarians may benefi t from l-carnitine due to low dietary 

intake. A clinical assay for l-carnitine is available (Table 19.5).

Vitamin D
Outdoor exercise throughout the year, fat oxidation, and fi sh consumption can be recommended 

alongside supplemental vitamin D administered to maintain 25(OH)D above 30 ng/mL.

Magnesium
Magnesium plays a critical role in fat oxidation. Suboptimal dietary intake, competitive absorption 

with supplemental calcium, and impaired absorption with various gastrointestinal conditions make 

magnesium defi ciency common. Pedal edema and constipation are often responsive to supplemental 

magnesium [31]. Magnesium supplementation can be initiated at 250 mg/day, generally as chelated 

minerals, especially magnesium citrate, which is highly alkalinizing.

Phosphatidyl Choline
Phosphatidyl choline reduces cholesterol, improves membrane pliability, and enhances the uptake 

of magnesium. Obese patients are likely to have suboptimal levels of phosphatidyl choline from low 

dietary intake of nuts, seeds, and egg yolk. Prior cholecystectomy and low-functioning digestive 

enzymes can reduce absorption. Supplementation at 4 g/day may be benefi cial alongside higher 

dietary intake (Chapter 24, “Seizures”).

Iodine
Patients should optimize thyroid function by eating sea vegetables. Iodine and selenium supplemen-

tation is sometimes indicated (Chapter 16, “Hypothyroidism”).
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HYDRATION

Physicians can help patients overcome medically related barriers to hydration. Barriers include 

edema, prolonged urination with prostate hypertrophy, bladder incontinence, and urinary frequency 

from diuretics. 

The health importance of avoiding dry indoor air, drinking more water when at higher elevation 

or low air cabin pressure, and avoiding beverages with calories can also be underscored. For exam-

ple, while a 2% glucose solution promotes the uptake of water by enterocytes, beverages sweeter 

than this offer no added advantage. Sports drinks generally contain 6% glucose.

Sweating can be considered a form of regional hydration, since one of the biophysical challenges 

of obesity is delivery of nutrients through and to adipose tissue. Sweating may be an overlooked 

advantage of exercise. For patients unable to work up a sweat, steam rooms and saunas may have 

some, albeit sparsely studied, benefi t to hydrating tissue and facilitating removal of toxicants.

WEIGHT LOSS MEDICATIONS

Patients with excess adipose accumulation may wish to choose pharmacotherapy as part of their 

weight management program. This may be appropriate since the risk profi les of rimonabant, 

sibutramine, and orlistat are very low. There is no evidence from clinical practice that phentermine 

and diethylpropion have addiction potential while there is some evidence of addiction potential with 

phendimetrazine. Unfortunately, clinical results show but modest benefi t [34]. 

The opportunity costs of medication use may be high and are sometimes overlooked. Expense 

may preclude some patients from using both nutrients and medications. Medications can unfavor-

ably alter food selection such as avoiding healthful dietary fats and increasing intake of refi ned 

carbohydrates. Medication may prevent adequate fi ber intake since both can cause gastrointestinal 

discomfort. Medications can increase demand and impair absorption of nutrients that may already 

be at suboptimal levels.

VI. SUMMARY

Epidemiology, pathophysiology, and limited clinical data shape a unique role for medical doctors in 

managing obesity. Clinical practice can incorporate the following:

Distinguish between muscle and fat, rather than focusing on weight alone.• 

Screen for obesity-exacerbating conditions such as vitamin D defi ciency, vitamin B12 defi -• 

ciency, sleep apnea, chemosensory disorders, depression, and iodine defi ciency, which are 

treatable and under-diagnosed dieting saboteurs.

Implement an alkalinizing diet by using a stepwise series of substitutions.• 

Consider potential medical side effects of artifi cial sweeteners, frequently used to help restrict • 

calorie intake (Chapter 13, “Irritable Bowel Syndrome”; Chapter 15, “Food Reactivities”; 

Chapter 25, “Attention Defi cit Hyperactivity Disorder”; Chapter 26, “Migraine Headaches”).

Help patients optimize thyroid function with a dietary intervention. Eat seaweed and • 

avoid soy when subclincial hypothyroidism is suspected.

Reduce refi ned carbohydrates, eliminate • trans fats, and consider supplemental dosing of 

l-carnitine when triglycerides are elevated.

Be aware that chromium defi ciency may exist, albeit diffi cult to assess. Supplemental chro-• 

mium can be used on an as-needed basis to help manage food cravings.

Use supplemental fi ber to transition patients to eating optimal dietary fi ber.• 

Consider supplemental amino acids. Essential amino acids may help maintain lean tissue. • 

The amino acids 5-hydroxytryptophan and tyrosine (Chapter 29, “Depression”) may help 

relieve food cravings by enhancing the neurotransmitters for which they are precursors.

Emphasize quality of dietary fat. Supplemental polyunsaturated fats EPA, DHA, and GLA • 

can help transition patients to a dietary oil change.
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20 Acne

The Underlying Infl uences 
of Nutrition

Valori Treloar, M.D.

I. INTRODUCTION

In the early 20th century, dermatologists believed that diet could have a profound infl uence on acne [1]. 

However, in 1969 and 1971, two studies authored by prominent dermatologists proclaimed the oppo-

site [2, 3] and since that time the major textbooks of dermatology [4, 5] have denied that diet affects 

acne by citing those two papers. “Acne is caused by diet” is still second on the list of “Acne Myths” 

posted on the Web site of the American Academy of Dermatology [6]. The pendulum has remained 

suspended in that position, defying the gravity of scrutiny for nearly 40 years. However, over the past 

few years, studies have started trickling in that challenge the present acne-diet dogma.

Over the same time period, the science of nutrition has evolved into a much more sophisticated 

fi eld, unfortunately still rarely accessed by practicing physicians. This chapter reviews the scientifi c 

evidence for the acne-diet link and concludes with a dietary treatment program for acne patients.

II. EPIDEMIOLOGY

Observational and epidemiologic studies support a diet-acne connection. Schaeffer, who worked 

among the Inuit for 30 years, observed that acne, absent in that population, became prevalent as the 

people acculturated from a fi sh-based diet to one rich in bread, sweets, pastries, and soft drinks. [7]

The low rate of acne among Japanese teens, half that of American teens in 1964 [8], could be attrib-

uted to genetics except that a recent study shows that with the displacement of part of the traditional 

Japanese diet by Western fast foods, the rates are now equal [9]. Acne is nearly unknown in the 

Kitavan and Ache tribes still living in their hunter-gatherer tradition with a diet rich in wild game, 

fi sh, and plants, while those sharing the same ethnic background but living in cities suffer acne at 

rates seen in the West [10].

In Western cultures, acne appears to be increasing in incidence and occurring in older people 

and/or persisting longer. Goulden and others noted that the mean age of acne patients referred to 

their department increased from 20.5 to 26.5 from 1989 to 1999 [11]. A study of male students at the 

University of Glasgow found an increase in the incidence of acne over the period 1948 to 1968 [12]. 

The authors state: “We suggest that environmental exposure may underlie this, as changes in the 

prevalence of germ-line genetic variants are very unlikely to occur in such a short time period.”

If our genes have not changed, some change in our environment must account for the striking 

increase in acne. The uniform worldwide response does not correlate with any known industrial 
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pollutant. On the other hand, diet, one of the most powerful nongenetic infl uences on physiology, 

has changed dramatically over the past few decades around the world. This “nutrition transition,” 

characterized by “the introduction of fast-food chains and Westernized dietary habits . . . seems to 

be a marker of the increasing prevalence of obesity” and its related complications [13]. To under-

stand the infl uence of dietary change on acne, we must fi rst review the pathophysiology of the 

disease.

III. OVERVIEW OF ACNE PATHOPHYSIOLOGY1

Acne = plugs + oil + bugs + red swelling

The pathophysiology of acne encompasses four problems:

 1. Abnormal hyperkeratinization in the hair follicle (plugs);

 2. Increased sebum production by the sebaceous glands (oil);

 3. Overgrowth of Propionibacterium acnes (P. acnes) in the follicle (bugs); and

 4. Infl ammation (red swelling) [14].

The conventional approach is to fi nd pharmaceutical agents that quell the symptoms. For example, 

retinoids slow hyperkeratosis and decrease sebum production while the tetracycline antibiotics sup-

press both P. acnes and infl ammation (see Figure 20.1).

The more salient question is, Why do hyperkeratinization, excessive sebum, bacterial over-

growth, and infl ammation occur in the fi rst place? Understanding the antecedents and triggers of 

the disease process may give us insight into the mechanisms of the dietary effects on acne.

Abnormal follicular keratinization plugs the follicle by increased proliferation of the basal kera-

tinocytes and decreased apoptosis and separation of the corneocytes. Rather than being shed, the 

cells remain in place and thicken the lining of the follicle. This crowding of the follicular lumen 

1 Refer to F. William Danby’s Web site, www.acnemilk.com/acne_animation, for an excellent animation of the process.

Obstruction of pilosebaceous duct by cohesive
keratinocytes, sebum, and hyperkerotosis

Drugs that normalize pattern of
follicular keratinization

Drugs with antibacterial effects

Drugs that inhibit sebaceous
gland function

Drugs with anti-inflammatory effects

Adapalane
Isotretinoin
Tazarotene
Tretinoin Compacted cells,

keratin, and sebum

Proliteration of 
Propionibacterium acnes

Antibiotics (topical and oral)
Benzoyl peroxide
Isotretinoin (indirect effect)

Hair

Rupture of follicular wall
Inflammation
Increased sebum production

Antiandrogens (e.g., spironolactone)
Corticosteriods (oral, in very

low doses)
Eastrogens (oral contraceptives)
Isotretinoin

Antibiotics (by preventing neutrophil chemotaxis)
Corticosteroids (intralesional and oral)
NSAIDs

FIGURE 20.1 The four elements of acne pathophysiology. Hyperkeratosis, increased sebum production, 

proliferation of P. acnes and infl ammation are targets for pharmacologic and nutrient-based treatment. (From 

www.merck.com, accessed March 31, 2008. With permission.)
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may contribute to tearing and rupture of the wall with attendant infl ammation. Plugging also seals 

the lumen contributing to the anaerobic environment ideal for P. acnes. The plugging has been 

attributed to:

Localized insuffi cient action of vitamin A [15]• 

Localized defi ciency of linoleic acid (LA) [16]• 

Increased infl ammation [17, 18]• 

Increased insulin-like growth factor (IGF-1) [19]• 

Decreased peroxisome-proliferator activated receptor-gamma (PPAR-• γ) [20]

Disturbance of desmosomes and tonofi laments [21]• 

Increased dihydroepiandrostendione sulfate (DHEA-S) [22]• 

Increased sebaceous gland activity leads to not only an increase in the amount of sebum, but 

also alters the composition of the secretion. The amount of LA decreases as the quantity of oil 

increases. As a nutrient source for the bacteria, sebum feeds an increasing population of the organ-

isms. Breakdown of the oils by the bacteria produces infl ammatory free fatty acids. The increased 

sebum that produces the oiliness of the skin so characteristic of acne has been ascribed to:

Increased testosterone, dihydrotestosterone (DHT) [23]• 

Increased insulin [24]• 

Increased IGF-1 [25]• 

Increased PPAR-• α [26]

Decreased PPAR-• γ [26]

Increased corticotropin releasing hormone (CRH) [27]• 

Increased Substance P [21]• 

Localized insuffi cient action of vitamin A [15]• 

P. acnes, the “bug” thought to contribute to acne, is a normal inhabitant of our skin and its role 

in acne is not well understood. However, the numbers of this organism increase in acne and tend to 

decrease as treatment produces clinical improvement. Recent research shows that P. acnes activates 

toll-like receptor 2 (TLR2) in the innate immune system, triggering an infl ammatory cascade [28]. 

Overgrowth of P. acnes appears to be triggered by:

Decreased LA• 

Increased sebum (nutrient supply)• 

Abnormally desquamated follicular keratinocytes (increasing anaerobic conditions) [29]• 

Infl ammation accounts for the characteristic redness, swelling, and pustule and nodule formation 

in acne. The following factors may account for the infl ammation (red swelling) seen in acne:

TLR-2 activation by • P. acnes [28]

Omega-6 fatty acids and eicosanoids [30]• 

Oxidative stress [31, 32]• 

Insulin [33]• 

Adiposity [34]• 

Testosterone [35]• 

PPAR-• γ [36]

Note that these lists tend to overlap, that is, the same proximate causes contribute to more than 

one of the four pathophysiologic factors of acne. Not only do the same elements repeat among 

our lists, the causes and factors perform an intricate interactive dance. Infl ammation increases the 
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hyperproliferation of keratinocytes; the excess cellular debris makes a more anaerobic environment 

optimal for P. acnes; P. acnes binds TLR-2 triggering further infl ammation. We like to think of 

pathophysiology as a list of linear processes, but we are instead faced with a messy soup of inter-

twining, tangled, chaotic actions. Four recurring themes that deserve particular attention include 

disturbances of:

Fatty acids and fatty acid signaling via PPARs• 

Testosterone and its analogs• 

Insulin and IGF-1• 

Adrenal stress and oxidative stress• 

IV. PATHOPHYSIOLOGY TRIGGERS AND DIET

FATTY ACIDS AND FATTY ACID SIGNALING VIA PPARS

Fatty acids serve as precursors for infl ammatory mediators, the prostaglandins (PG) and leukot-

rienes (LT). Classically, the omega-6 fatty acid arachidonic acid (AA) is the most prevalent fatty 

acid in cellular membranes and is most likely to be plucked out by phospholipase A and shunted 

down the mediator cascade. The end products include the highly infl ammatory PGE2 and LTB4, 

both of which have been shown to participate in acne [32, 37]. Our membranes also contain the 

omega-3 fatty acids that travel through the same path and produce mediators in the odd-numbered 

series that have far less infl ammatory action [38]. (See Figure 20.2.) If we produce more of the even-

numbered mediators relative to the odd-numbered ones, our internal milieu will be more infl amed.

Long chain unsaturated fatty acids also act on our genes by binding the PPARs, members of the 

family of nuclear receptors that act on the genes for infl ammatory cytokines. PPARs inhibit the nuclear 

transcription factor, NFκB, thereby down-regulating the production of infl ammatory cytokines IL-1, 

IL-6, TNF-alpha [39]. Again some fatty acids ramp the process up, while others keep things calmer. 

The PPAR ligands have also been shown to affect lipogenesis by sebocytes in culture [40].

Dietary fatty acids play a few more astonishingly relevant roles. Omega-3 fatty acids actually 

block TLR-2, the innate immunity trigger specifi cally activated by P. acnes [41]. (Zinc may also act 

at this site [42].) Omega-3 fatty acids also appear to attenuate the proinfl ammatory response to psy-

chogenic stress [43]. Gamma linolenic acid (GLA) inhibits 5-alpha reductase (5AR), the enzyme that 

converts testosterone to its more acneigenic form [44]. Trans fats exacerbate essential fatty acid defi -

ciency symptoms, increasing hyperkeratosis in a rat model [45] and contributing to infl ammation.

The role played by LA is complex and incompletely understood. LA suppresses P. acnes growth. 

P. acnes protects itself by biohydrogenating LA rendering it incapable of its suppressive action [46]. 

LA also controls keratinocyte proliferation and in its absence, hyperkeratosis occurs. The propor-

tion of LA decreases as sebum production increases. The follicular plugging of acne has been 

attributed to “localized LA defi ciency” [47]. On the other hand, LA increases sebum production in 

cell culture [48].

Fatty acids and fatty acid signaling via PPARs play important roles in all four of the compo-

nents of acne pathogenesis: hyperkeratinization, sebum overproduction, P. acnes overgrowth, and 

infl ammation.

Does Diet Affect the Fatty Acids in the Skin and Follicle?
The lipid bilayer cell membranes can be envisioned as sacks made from fatty acid fabric composed 

of the fats in the diet. Arachidonic acid, dominant in the American diet, is the dominant fatty 

acid in the bodies of most Americans. LA from vegetable oils converts readily to AA. Enriching 

the diet with foods containing omega-3 fatty acids will incorporate more eicosapentaenoic acid 

(EPA) and docosahexaenoic acid (DHA) in cell membranes while decreasing AA [49]. A diet 

rich in hydrogenated vegetable oils will weave a stiff fabric containing straight trans fatty acids. 
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In contrast to carbohydrates and proteins, which humans digest into their saccharide and amino acid 

components, when it comes to fats, “you are what you eat.”

Since cell membranes serve as the reservoir for the building blocks of infl ammatory mediators, a 

stockpile of AA will produce a wealth of infl ammatory odd-numbered eicosanoids. Omega-3 fatty 

acids compete for the same enzyme pathways and produce eicosanoids with lower activity. The 

PPAR and TLR-2 actions of fatty acids may also help explain why higher serum levels of omega-3 

fatty acids correlate with lower serum levels of proinfl ammatory markers and higher levels of anti-

infl ammatory markers [38, 50]. Eating fi sh and seaweed and taking omega-3 supplements will cre-

ate a less infl ammatory internal milieu.

Man-made hydrogenated vegetable oils brought trans fatty acids into our food supply in the early 

20th century and have achieved a dominant position over the past few decades. Intake of hydroge-

nated vegetable oil, the major source of dietary trans fats, has increased from 10 g/day in 1960 to 

30 g/day in 1993 [51]. In women, trans fatty acid intake correlates directly with serum levels of 

infl ammatory markers [52]. The same eicosanoid and PPAR mechanisms previously discussed 

probably explain why eating less hydrogenated vegetable oil will help decrease infl ammation.

Concurrent with increased intake of trans fat, the dietary ratio of omega-6 to omega-3 fatty acids 

changed. When human metabolism evolved, diets were rich in hunted wild animal and bird meat, 

fi sh, and gathered root vegetables, greens, fruits, nuts, seeds, and eggs. The whole vegetable, nut, 

or seed accompanied by fi ber and antioxidant vitamins and plant polyphenols served as the dietary 

source of omega-6 fats. The ratio of omega-6 to omega-3 was about 1:1.
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FIGURE 20.2 Arachidonic acid and eicosapentaenoic acid follow parallel pathways in the production of 

infl ammatory mediators, but mediators derived from AA have far greater infl ammatory activity. (From [53]. 

With permission.)
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Today much of the fat in the American diet comes from sophisticated, powerful presses squeez-

ing omega-6-rich oils from plant seeds: canola, saffl ower, sunfl ower, peanut, soy, and cottonseed. 

LA, one of the dominant plant seed fatty acids, is an omega-6 fatty acid that is readily converted to 

AA in our bodies. The heat from the pressing produces oxidized moieties, many not found in nature. 

Further processing includes degumming, refi ning, bleaching, deodorizing, additives, and winteriza-

tion in order to produce the clear oil with a prolonged shelf life that we fi nd in the grocery stores. It 

is devoid of the polyphenolic compounds that provide color, fl avor, and antioxidant protection. The 

modern omega-6 to omega-3 ratio is about 16:1 [53]. Given that we experience about a 1% change in 

our genome every 10,000 years or so, we have not had time to adapt to this dietary change. Given 

the acneigenic effects of an increased omega-6 to omega-3 ratio and increased dietary trans fats, 

knowledgeable observers might have predicted the “acne epidemic” [54] that has accompanied this 

change in the Western diet over the past several decades.

TESTOSTERONE AND ITS ANALOGS

Androgens are the long-recognized “bad boys” of acne. Acne begins as testosterone levels rise 

(notably, eunuchs do not develop acne) [55]. DHEAS, an adrenal precursor to testosterone, is ele-

vated in many women with acne [56]. The sebaceous glands contain all the enzymatic machinery 

required to generate and interconvert the “male hormones.” Testosterone is converted to the more 

active DHT via 5-alpha-reductase (5AR) and activity of this enzyme plays an important role in acne 

[57]. Androgens stimulate proliferation and differentiation of the sebocytes as well as up-regulating 

lipid production [58]. Androgens also appear to increase infl ammation in wound healing, which 

suggests that they may contribute to the infl ammation of acne [35].

The androgens impact two of the four components of acne pathophysiology: sebum overproduc-

tion and infl ammation.

Does Diet Infl uence Androgen Levels or Activity?
In the sebaceous gland, the enzyme 5AR ramps up testosterone’s action by converting it to the more 

active dihydrotestosterone (DHT) and some pharmaceutical agents (e.g., spironolactone) are aimed 

at this target. Dietary input also affects the activity of 5AR. Decreased activation can be seen with 

green tea catechins in a rat model [59], with zinc and vitamin B6 in an in vitro human skin model 

[60], and as noted above by GLA in cell culture. While none of these interventions were tested 

via human ingestion, the biochemistry is convincing and the risk of prudent supplementation is 

negligible.

Testosterone travels in the blood in both an active, free form and in an inactive form, bound to 

sex hormone binding globulin (SHBG). Higher levels of SHBG decrease the pool of active hor-

mone, resulting in less testosterone activity. Hepatic production of SHBG is infl uenced by diet. 

Both human and animal studies show a rise in SHBG with a low-protein diet [61]. A high-fi ber 

diet is associated with higher levels of SHBG. A diet with decreased fat and refi ned carbohydrates, 

an increased ratio of omega-3 to omega-6 plus saturated fatty acids, and an increase in foods rich 

in “phytoestrogens” and fi ber raised SHBG, lowered serum testosterone and insulin levels, and 

reduced waist circumference [62]. While many sources attribute this effect to insulin, it appears 

that dietary monosaccharides, especially fructose, may also have a large impact on slowing SHBG 

production [63].

INSULIN/IGF-1

A little-recognized, but well-documented phenomenon of adolescence is the rise and fall of insulin 

resistance that mirrors acne activity. Insulin resistance peaks at about Tanner stage 3 and returns to 

normal at the end of the teen years [64]. Insulin is one of our major anabolic hormones and tends to 

rise with elevation of growth hormone (GH); an increase in insulin levels during a period of rapid 
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growth and development should come as no surprise. Insulin, GH, and IGF-1 interweave in their 

physiologic activity. Insulin and IGF-1 can bind each other’s receptors and may stimulate similar 

processes, albeit in different concentrations [24].

IGF-1 levels refl ect GH levels and are used as the surrogate marker for the elusive GH. Elevation 

during adolescence is normal and expected. Less expected is the elevation of IGF-1 in adult 

women with acne that was noted by Cappel and colleagues [56]. While men’s IGF-1 levels do not 

correlate with acne severity, they do match DHEAS and androstendione levels. The authors suggest 

that the effects of androgens were “dependent on the infl uence of IGF-1.” Patients with longstanding 

acne have increases in IGF-1 and decreased levels of the protein that binds IGF-1 and takes it out of 

the action, IGF binding protein-3 (IGFBP-3) [65].

What Roles Do These Factors Play in Acne? 
Insulin appears to decrease hepatic production of SHBG, which leads to higher circulating levels 

of unbound, active androgen, triggering all the androgen effects listed above. Although the correla-

tion has not been shown in acne, insulin can increase systemic infl ammatory markers [33]. Insulin 

and IGF-1 directly increase sebum production; insulin largely through differentiation, and IGF-1 

through proliferation of the sebocytes [24]. Free IGF-1 directly stimulates basal keratinocyte prolif-

eration, thereby contributing to the follicular hyperkeratosis, whereas IGFBP-3 inhibits it [19, 66]. 

Also, IGFBP-3 and tretinoin, a mainstay of acne therapy, bind the same retinoid X nuclear receptor 

(RXR alpha) [67].

Insulin/IGF-1 affect three of the four pathophysiologic steps in acne: hyperkeratinization, infl am-

mation, and sebum overproduction.

Does Diet Have an Effect on Insulin and IGF-1?
Insulin levels are driven by diet. Sugars digested and absorbed into the bloodstream must be directed 

into cells to be used as energy or stored. The health ravages of diabetes show why our bodies strive 

to keep blood glucose levels within a tight range and this is insulin’s primary job. Insulin levels 

chase blood sugar levels, rising fast and high in response to rapidly absorbed refi ned carbohydrate 

and more slowly and lower when foods contain more fi ber, fat, and protein, all of which slow the 

absorption of sugar into the blood.

The glycemic index (GI) is an attempt to measure how fast and high blood sugar is pushed by 

different foods. The glycemic load (GL) takes the usual size of a portion into consideration. The 

insulinemic response tends to track the glycemic response, so low GI foods eaten at regular inter-

vals will help keep insulin levels even throughout the day. A typical American diet tends to result in 

spiking insulin levels and the area under the curve tends to be high [68].

In a recent Australian study, young men with acne were randomized to either a low GI diet or a stan-

dard Western diet. Statistically signifi cant clinical improvement in acne paralleled improved insulin 

sensitivity, body mass index (BMI), decreased free androgen index, and increased IGFBP-1 [69, 70].

Dairy products are a special case; the insulinemic response is higher than predicted from the GI 

[71]. This may be part of the explanation for the association between dairy intake and acne found in 

a series of studies from the Harvard School of Public Health [72–74].

Diet affects IGF-1 and IGFBP-3. Insulin raises IGF-1 levels. IGFBP-3, on the other hand, falls 

after ingestion of high GI foods and rises after eating low GI foods [75]. Lower levels of IGF-1 and 

higher levels of IGFBP-3 are associated with greater intake of omega-3 fatty acids, tomatoes, veg-

etables, and dietary fi ber. In contrast, higher levels of IGF-1 are associated with dietary saturated 

fat, vegetable oils, milk, and dairy products [76, 77].

ADRENAL STRESS AND OXIDATIVE STRESS

Using McEwen’s concept of allostatic load, stress becomes problematic when the forces impinging 

on an individual overwhelm the capacity to compensate for the disturbance or when the compensa-

tory mechanisms begin to cause problems themselves [78]. For example, in the former case, UV light 
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causes oxidative damage to cell membranes in the dermis. Vitamin E can reduce the oxidized fatty 

acid in the membrane, but unless the vitamin E is replaced or reduced back to its normal state by 

vitamin C, the capacity to contain the oxidative damage becomes overwhelmed and injury ensues. 

An example of the latter is cortisol levels that rise in response to sleep deprivation. In the short term, 

this keeps the metabolism running fairly smoothly, but over time, excessive cortisol causes central 

obesity, periphery muscle wasting, and hyperglycemia (see Chapter 30, “Sleep Disturbance”).

Several lines of evidence suggest that adrenal stress plays a role in acne. Examination stress 

appears to increase acne severity [79, 80]. Stress has been shown to elicit the release of the neu-

ropeptide Substance P, which appears to increase lipogenesis in sebocytes and also infl ammation 

via mast cells [81]. CRH generated in the sebaceous gland increases sebocyte lipogenesis. This is 

thought to be a localized stress response analogous to that of the central hypothalamic-pituitary-

adrenal axis [27]. CRH released centrally may have a similar effect.

More than 20 years ago, Swedish researchers noted that in men with severe acne, red blood cells 

carried far less of one of our most powerful antioxidants, glutathione [82]. Recently, measurement 

of markers of oxidative injury and activity of antioxidant enzymes showed signifi cant oxidative 

damage in acne patients compared to controls [31, 83]. Reactive oxygen species (ROS) generated 

by neutrophils contribute to follicular wall injury and infl ammation. ROS can serve as regulators 

of NFκB, a transcription factor that up-regulates expression of genes for infl ammatory cytokines 

including TNF-alpha, IL-1, IL-8, and IL-6. AP-1 is another redox-sensitive transcription factor that 

generates infl ammatory cytokines [84]. Among the genes reported to be up-regulated in acne, the 

most strongly induced included IL-1, IL-8, and MMP1—all known to be generated through ROS-

activated pathways. IL-1 may actually “trigger the keratinocyte activation cycle” perhaps serving as 

one of the very fi rst steps in the formation of an acne lesion [54]. Matrix metalloproteinases (MMPs) 

degrade IGFBP-3, interfering with its protective effect against hyperkeratinization and its action at 

the retinoid X receptor [85].

Stress impacts three of four components of acne pathophysiology: hyperkeratinization, sebum 

overproduction, and infl ammation.

Does Diet Affect Oxidative or Adrenal Stress?
Psychological stress induces the production of proinfl ammatory cytokines, IFN-gamma, TNF-

alpha, and IL-6. University students with lower serum omega-3 levels or with a higher omega-6/

omega-3 ratio had signifi cantly greater examination-induced TNF-alpha and IFN-gamma responses 

[43]. Given that the gene for TNF-alpha is one of those found to be activated in acne, we are not 

surprised to fi nd that examination stress increases acne. On the other hand, the fact that dietary 

intake of different fatty acids can alter the immunologic response to stress is an unexpected and 

welcome surprise.

Oxidative stress is a condition of life in our earthly atmosphere. To contend with the ROS gener-

ated by our normal metabolism we provide our bodies with antioxidants by eating them. The richest 

dietary sources of antioxidants are vegetables and fruits. Not only do they contain high levels of 

antioxidant vitamins, but all the polyphenolic compounds that give produce its colors, fragrances, 

and tastes appear to have even more powerful antioxidant activity than vitamins do [86].

While some foods offer antioxidant benefi t, other foods are prooxidants, compounding the prob-

lem. Dietary trans fats increase markers of oxidative damage [87]. High fructose intake enhances 

ROS generation and the protein and lipid damage it causes [88]. In fact, a high fructose diet is used 

in experimental models to create insulin resistance in rats. Zinc alone and in combination with 

selenium and vitamin E decreased both the degree of insulin resistance and the oxidative damage 

sustained [89]. To round out the discussion, oxidative stress appears to be instrumental in triggering 

insulin resistance, the biochemical fi nding in teens that most closely parallels acne [90]. Following 

the syllogism, high fructose intake (e.g., sports drinks sweetened with high fructose corn syrup) 

increases ROS generation and exacerbates the normal insulin resistance of adolescence, perhaps 

contributing to acne.
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Based on their fi ndings of increased oxidation markers and decreased antioxidant enzyme activ-

ity in acne patients, the researchers stated: “Drugs with antioxidative effects might be valuable in 

treatment” [91]. More prudent perhaps would be the suggestion to increase intake of foods rich in 

antioxidants and decrease intake of prooxidant foods.

V. CONCLUSION

Diet can infl uence the antecedents and triggers of acne—the proximate causes behind the four 

pathophysiologic elements of acne. Why did two widely accepted clinical trials conclude otherwise? 

We return to these two landmark studies that turned the tide away from the acne-diet connection. 

Through the lens of modern nutritional science, the two studies that form the foundation of the 

current diet-acne dogma demonstrate signifi cant weaknesses, the most glaring being that neither 

took the underlying diet into consideration. Anderson’s open study included only 27 subjects and 

no controls; it would not be accepted for publication under today’s more stringent peer review [3]. 

Fulton and colleagues [2] concluded that chocolate had no infl uence on acne by comparing a choco-

late bar to a pseudochocolate bar composed of 28% hydrogenated vegetable oil, a food known to 

increase infl ammatory markers, and 14% nonfat milk solids, the acneigenic potential of which is 

demonstrated by three studies from the Harvard School of Public Health. The sugar content of the 

bars was 44.3% and 53% respectively, both likely to induce a rapid and high insulin response. The 

evidence for a dietary effect on acne is a young and growing body of knowledge, but it is far more 

robust than the evidence against such an effect.

In spite of the dearth of the controlled, blinded, human trials that clinicians rely on most heavily, 

the risk-benefi t ratio of dietary strategies for acne remains far more favorable than any pharmaceutical 

agent. The implementation of a dietary treatment for acne does not preclude conventional treatment 

and is likely to complement it. Even when advised that these suggestions are based on biochemistry 

and physiology, cell culture, and animal studies, but very few human clinical trials, many of our 

patients will jump at the opportunity to try this approach. Especially for patients whose response 

to conventional dermatology has been disappointing, we can open a whole new tool box. Proactive 

patients who opt for healthy lifestyle choices seek doctors with this knowledge and expertise.

VI. CLINICAL RECOMMENDATIONS

DIET

Try a dairy-free diet for 3 to 6 months. No milk, cream, yogurt, ice cream, cheese of any • 

kind, including cream and cottage. Decrease your use of butter or switch to ghee (clarifi ed 

butter).

Eat three nutrient-dense meals and two “mini-meal” snacks daily.• 

Eat 5 to 8 servings of vegetables and 2 servings of fruit per day.• 

Eat 2.5 to 3 palm-sized servings of protein-rich foods (meat, poultry, eggs, fi sh) daily; • 

include fi sh twice weekly.

Minimize refi ned carbohydrates, such as candy, sweets, baked goods, crackers, white • 

bread, white rice, white potatoes, pasta, unless you are performing very high intensity 

exercise more than an hour a day on a regular basis.

Eat vegetable carbohydrates, such as squash, sweet potatoes, beans, and, if you tolerate • 

them, legumes and grains.

Eliminate hydrogenated vegetable oil; decrease liquid oil rich in omega-6 fatty acids (saf-• 

fl ower, sunfl ower, peanut, soy, cottonseed).

Eliminate high fructose corn syrup.• 

Do not drink liquid calories, such as soda, sports drinks, undiluted juice, chocolate.• 
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Drink fi ltered water, green tea, diluted juice, herbal teas, juiced vegetables.• 

Limit alcohol intake. If you are under legal drinking age, do not drink.• 

SUPPLEMENTS

Consider nutritional supplements on a patient-by-patient basis. These are administered under medi-

cal supervision and may be contraindicated in some patients.

High-quality fi sh oil capsules, with a maximum of 4g/day• 

Zinc gluconate (or other readily absorbed form), 15 to 20 mg daily• 

Vitamin E with natural mixed tocopherols, 100 to 200 IU daily• 

Black currant seed oil, 500 mg (90 mg GLA), one capsule daily• 

Pyridoxal-5-phosphate (B6), 25 to 50 mg daily• 

Vitamin C, 500 mg daily• 

Selenium, 100 micrograms daily• 

Vitamin, A 5000 IU daily• 

LIFESTYLE

Complement nutritional intervention with a lifestyle that helps reduce adrenal stress.

Aim to sleep 7 to 8 uninterrupted hours nightly.• 

Practice an exercise that induces the relaxation response every day, such as meditation, • 

yoga, tai chi, self-hypnosis, or progressive muscle relaxation.

Participate in strength, aerobic, and fl exibility exercise at least three times weekly. Aim to • 

do at least one of the three every day.

For greater detail in clinical recommendations and specifi c guidelines written in a style targeting 

patients, refer to The Clear Skin Diet [92].
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21 Renal Calculi

Nutrient Strategies for 
Preventing Recurrence

Laura Flagg, C.N.P., and Rebecca Roedersheimer, M.D.

I. INTRODUCTION

Nephrolithiasis affects approximately 10% of the American population, with men affected about 

twice as often as women. Fifty percent of patients who have one incident of symptomatic stones 

will have another within 5 to 7 years. It appears that the incidence is increasing, but it is unclear 

whether or not this is due to changes in the American diet [1]. Stone formation can be life-alteringly 

chronic. In patients such as athletes, soldiers, and astronauts, even the risk of one recurrence may 

be unacceptably large.

There exist many different physiologic mechanisms that promote stone formation. Over the last 

decade, refi nements to prior understanding of dietary management have led to improved dietary 

recommendations for fl uids and nutrients. Dietary recommendations can be refi ned based on fam-

ily history, stone type, and urine testing. This chapter equips providers to analyze stone type and 

prescribe diets shown to reduce stone formation.

II. EPIDEMIOLOGY

DIET-GENE INTERACTIONS

Epidemiology has been helpful to establish recurrent stone formation as a diet-gene interaction. Men 

form symptomatic stones approximately twice as often as do women. Stones are associated with peri-

ods of dehydration and lower fl uid intake, as well as higher intake of meat, sodium, and ascorbic acid. 

Yet clearly not all men who follow these dietary patterns form symptomatic stones. Stone formation 

is recognized in some patients as a result of multiple inherited metabolic disorders. Hypercalciuria, 

the most commonly identifi ed anomaly found in kidney stone formation, results from multiple fac-

tors, including genetics. The genetics of hypercalciuria are complex and defy simple description 

by Mendelian genetics. In addition, many inheritable conditions can coexist within one individ-

ual, leading to stone production as a result of more than one disorder. Examples include congenital 

lactase defi ciency, an autosomal recessive disorder, multiple endocrine neoplasia syndrome type 1 

with hyperparathyroidism, hypophosphatemia, and absorptive hypercalciuria [2]. Hyperoxaluria, 

defi ned as urinary excretion of more than 45 mg of oxalate per day, also has genetic underpinnings. 

Primary hyperoxaluria results from a defi ciency in peroxisomal alanine:glyoxalate aminotransferase 

(AGT), and there have been 50 mutations identifi ed in the gene responsible for AGT production [3]. 

Individualized recommendations are based on 24-hour urine and serum biochemistry rather than 
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genetic markers for the foreseeable future, until the fi eld of genetics allows for more practical clinical 

application. In summary, the fi eld of genetics uncoupled with diet has not led to satisfactory under-

standing of stone formation.

INCIDENCE

One in 10 adults in the United States develops a renal stone. Two-thirds of the patients are men. 

Calcium oxalate (CaOx) stones are the most common stone type. CaOx stones account for 60% of all 

symptomatic stones in American adults. Uric acids stones represented 7% to 10% of all stone occur-

rences in the United States in the 1980s [4, 5]. This demographic may be increasing with the increas-

ing prevalence of obesity. See Figure 21.1 for the percentage rates of the different stone types.

III. PATHOPHYSIOLOGY

CaOx stone formation is recognized as not a single disease entity, but rather one fi nding associated 

with a whole host of metabolic disturbances. Hypercalciuria, defi ned as urinary calcium that exceeds 

200 mg in 24 hrs, can result from one or more of three basic types of disorders of calcium metabolism: 

from a disorder of calcium absorption from the gut; from renal hypercalciuria, which results from 

impaired renal tubular absorption of calcium, leading to increased excretion in the urine; and from 

resorptive hypercalciuria, which can be a secondary result of primary hyperparathyroidism [6].

Understanding the physiology of uric acid stone formation provides insights into prevention as 

well as the reasoning behind specifi c dietary recommendations. The formation of any type of stone 

depends on the solubility of the particular substance in urine. Two main factors infl uence the solubil-

ity of uric acid in urine: uric acid concentration and solution pH [7]. Either high uric acid concentra-

tion or low urine pH can lead to uric acid crystallization. The pKa of uric acid is 5.5, and uric acid 

becomes highly soluble in pH ranges greater than this value [8]. As pH values rise above 5.5, increas-

ing amounts of uric acid are converted to urate—the ionized form of uric acid, which is 20 times more 

soluble than uric acid itself [9]. Therefore, alkalinizing urine can prevent uric acid crystallization and 

has even been shown to dissolve preformed uric acid stones 70% to 80% of the time [10–11].

Uric acid concentration in the urine depends on the total body uric acid pool. This pool is made 

up of endogenous production and exogenous sources. Since uric acid is the end product of purine 

FIGURE 21.1 Classifi cation of stones by chemical composition. (From [5].)
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metabolism in humans [7], it has been hypothesized that eating food rich in purines will increase 

the uric acid pool. Foods rich in purines such as meat, seafood, yeast products, tea, coffee, and cola 

lower the exogenous purine synthesis, and will increase the total pool of uric acid and subsequently 

the risk of stone formation [12]. Clinical studies of dietary interventions to reduce exogenous purine 

sources have been marginally effective. Limiting dietary intake of purine has also been but margin-

ally effective in gout, another condition associated with hyperuricemia.

A newly emerging hypothesis is that over time, diet infl uences endogenous production of uric 

acid from de novo purine synthesis and tissue catabolism. The baseline production of uric acid is 

usually 300 to 400 mg/day [7]. The rapid cell turnover seen in myeloproliferative disorders and 

Lesch-Nyhan syndrome increase de novo purine synthesis [13]. Extreme weight loss can increase 

breakdown of lean tissue thereby increasing uric acid. By mechanisms that are less well understood, 

obesity, diabetes, and insulin resistance appear to cause hyperuricemia, which predisposes patients 

to gout as well as uric acid stones [14]. Diets that treat the metabolic disturbances of diabetes and 

insulin resistance appear to reduce hyperuricemia.

IV. DIAGNOSTIC TESTING AND CLINICAL EVALUATION

To allow for individualized dietary recommendations, 24 hour urine studies are at the heart of diag-

nostic testing. Laboratory studies including urine volume, calcium, oxalate, uric acid, citrate, mag-

nesium, phosphate, sodium, and pH can be obtained with a second stone occurrence. These urine 

studies should be done with concurrent serum calcium, uric acid, phosphate, potassium, chloride, 

bicarbonate, albumin, and creatinine. These test results, plus biochemical analysis of the stone, allow 

the clinician to identify metabolic aberrations commonly occurring with the particular stone type. 

It is virtually impossible to counsel a patient in diet management of stones when the type of stone 

is not known, nor the urinary properties in which the stone was formed. For example, recognizing 

the urinary specifi c gravity of 1.030 or greater, and a 24-hour urinary volume of 900 mL, easily 

suggests low fl uid intake, and is signifi cant for any stone type. But recognizing urinary properties 

such as hyperoxaluria or low pH allows for more specifi c recommendations. Recommendations for 

fl uid intake, hyperoxaluria, acidic urine, and other recommendations for application of diet and 

laboratory testing are offered below.

V. DIET

FLUID INTAKE

Low fl uid intake is recognized as the single most important dietary factor in stone formation. 

Supersaturation of common components of urine causes crystal formation, and crystal nucleation 

and growth are positively associated with low fl uid intake. High fl uid intake promotes higher uri-

nary volumes, which wash out small, formed crystals before larger, symptomatic stones can form. 

Pak and colleagues in 1980 [15] were perhaps the fi rst to scientifi cally show that increasing fl uid 

intake to 2.5 L/day would reduce the risk of stone formation. A large, prospective, epidemiologic 

study of 45,000 male physicians and other health professionals reinforced this fi nding in 1993 [16]. 

Three years later, Borghi et al. [17] performed a large 5-year randomized, prospective study of 

199 stone formers showing convincingly that higher fl uid intake does indeed promote a continued 

stone-free state. Another prospective self-reporting epidemiologic study of 91,000 female registered 

nurses found that a fl uid intake of 2.5 liters daily reduced a woman’s relative risk of symptomatic 

stone formation compared with women whose fl uid intake was less [18].

Increasing fl uid intake can lower uric acid concentration in urine, possibly by lowering endog-

enous production of uric acid as well as by dilution of the urine. The decreased formation of stones 

with increased fl uid intake has been proven in both scientifi c and large-scale prospective studies that 

have been previously discussed [15, 19–20]. The composition of the incident stones in these studies 
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was not recorded, however, so direct conclusions on uric acid nephrolithiasis cannot be made. Uric 

acid stone incidence has been found to increase in times of dehydration, such as in warmer climates 

and hot working conditions [21–22]. The effect of fl uid intake on the incidence of uric acid stone 

formation, specifi cally, has not been studied, but one can conclude from the above-mentioned stud-

ies that increased fl uid intake is likely benefi cial in the prevention of uric acid nephrolithiasis.

CALCIUM INTAKE

Contrary to previously held beliefs, studies in the last 10 or more years have shown that lower cal-

cium intake actually raises a patient’s risk of CaOx stone formation. This fi nding is counterintuitive, 

and has effectively reversed previous recommendations for calcium reduction to reduce stone risk. 

Stone formation relies on factors other than simple ingestion of nutrients. Calcium and oxalate are 

known to fi lter into the urine with variations based more on metabolic disturbances than dietary 

intake of these elements alone. Curhan and colleagues [16] studied the effects of calcium intake via 

questionnaires on the incidence of symptomatic stone formation over the course of 4 years. The 

men with the highest calcium intake (1050 mg daily or more) had the lowest rate of symptomatic 

stone formation, with a relative risk (RR)=0.66, 95% CI, compared to those with the lowest calcium 

intake of 605 mg daily or less. A similar study of women in 1997 also confi rmed this pattern [18]. 

Similarly, Borghi and colleagues [23] studied 60 stone-forming men who followed a low-calcium 

diet and 60 men who followed a low-protein and low-sodium diet in this randomized study in 2002, 

and found that the men who limited calcium had twice the rate of symptomatic stones as the men 

who followed a low-protein and low-sodium diet. Given the additional risk of osteopenia and osteo-

porosis with low-calcium diets, these studies represent more cautionary warnings against calcium 

restriction among those at risk for stones by personal or family history.

The data would suggest that all forms of calcium intake are not equivalent regarding the risk 

of stone formation, particularly in women. Women who took calcium supplementation in a mod-

est dose (500 mg daily) had a greater rate of symptomatic stones than women who obtained their 

daily calcium via diet only, 1.20 times the rate of the women without supplementation [18]. Yet 

this fi nding of greater risk with supplementation did not also hold true in men in a similar epide-

miologic study [16] of 45,000 men. Calcium supplementation was thought to be actually protective 

in an experimental study [24] of men with known low-oxalate intake. Thirty-two men who were 

given calcium supplementation responded with urinary qualities thought to promote a lower stone 

risk (increased urinary citrate, decreased urinary oxalate, increased urinary calcium). In discus-

sion of the fi nding of higher stone risk with calcium supplementation among women, researchers 

noted that potentially some other factor besides calcium, such as the natural phosphorous present 

in dietary sources of calcium, may have actually been responsible for the protective effect of the 

dietary calcium as opposed to supplemental calcium. They also theorized that the time of inges-

tion of supplement may be responsible for the added risk of stones with supplemental calcium, and 

recommended that the supplement be taken with a meal in which oxalate ingestion would naturally 

be higher [18]. It is noted that there was no attempt to identify the type of calcium supplementa-

tion used (calcium carbonate vs. calcium citrate). Perhaps calcium citrate would be better since it is 

alkalinizing. Calcium supplements that contain vitamin D and magnesium may also diminish any 

impact of calcium on stone formation [25].

OXALATE INTAKE

Dietary oxalate intake has been studied to a lesser degree than calcium intake. Variations in uri-

nary oxalate levels are derived from three known mechanisms: exogenous or dietary intake, which 

is at least theoretically modifi able; the rate of intestinal absorption, which is in some cases related 

to gastrointestinal disease; and the rate of endogenous oxalate production during metabolism of 

nutrients via the Krebs cycle. The quantities of oxalate in the urine are much smaller than quantities 
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of urinary calcium; therefore, alterations in the quantity of oxalate have a much greater effect on 

stone risk than the quantity of calcium. Alterations in urinary oxalate are less dependent on oxalate 

intake; rather, variations are often based in errors in nutrient metabolism [26].

Hyperoxaluria is defi ned as urinary excretion of oxalate greater than 45 mg/day. Metabolic dis-

orders known to predispose to hyperoxaluria include renal tubular acidosis, hyperparathyroidism, 

sarcoidosis, infl ammatory bowel disease, and Crohn’s disease, and are thought to increase a per-

son’s stone risk [6]. A study of 93 stone-forming patients with idiopathic hyperoxaluria and 93 stone 

formers with normooxaluria underwent dietary modifi cations to determine the changes made in 

urinary characteristics thought to affect stone formation. Researchers found that there were no sig-

nifi cant differences in dietary oxalate between those with hyperoxaluria and those with normoox-

aluria [27]. However, in another experimental study with strict dietary modifi cations, 12 normal (no 

history of renal stones) men and women ingested three different controlled diets that were altered 

based on oxalate content, showing that oxalate intake did signifi cantly alter urinary oxalate, and 

theoretically, the risk of stone formation [28]. A large cohort study of male health professionals 

found no signifi cant difference in risk of stone formation based on self-reported oxalate intake [16]. 

Oxalate is present in most foods to some degree and most highly concentrated in tea, chocolate, 

spinach, nuts, and rhubarb. In summary, recommending reduction in oxalate intake may be both 

diffi cult and unnecessary. Given oxalate’s ubiquitous presence in the human diet and its concentra-

tion in otherwise health-promoting foods, instead of avoiding intake, a clinically more successful 

approach may be to drink a glass of water when eating a spinach salad.

VITAMIN C INTAKE

Vitamin C is broken down during carbohydrate digestion into oxalate, and is possibly one dietary 

source responsible for higher risk of some renal stone formation. Review of data from the Health 

Professionals Follow-Up Study of over 50,000 men found that ascorbic acid intake in either dietary 

or supplement form increased the risk of symptomatic stones in men. In this study, the highest level 

of intake was associated with the highest risk (RR 1.41, P = 0.01, 95% CI) for intake of greater 

than 1000 mg daily compared with the lowest intake of 99 mg daily or less [19]. In another study 

of 186 stone formers, there was a signifi cant positive association between high levels of dietary 

ascorbic acid in the form of fruits and vegetables and excretion of oxalate among those patients 

with known hyperoxaluria compared to those with normooxaluria. Vitamin C intake through fruits 

and vegetables among the hyperoxaluric group was 80% higher than recommended. Researchers 

concluded that in the hyperoxaluric group, high levels were associated with high absorption lev-

els of oxalate from the intestines, probably from metabolism of higher dietary intake of ascorbic 

acid [27]. Baxmann and colleagues [29] altered the diets of 47 stone formers and 20 controls by 

administration of 1 g and 2 g of vitamin C supplements, measuring urinary properties afterwards. 

The urine of stone formers and controls showed increases in urinary oxalate and other risk factors 

measured by the Tiselius Index. Another experimental crossover study of 29 stone formers and 

19 non-stone formers identifi ed increases in urinary oxalate levels after supplementation with ascor-

bic acid: Signifi cant increases in urinary oxalate were found among the stone formers and non-stone 

formers alike [30].

SPECIFIC BEVERAGE INTAKE

Various Fruit Juices
Research of the association between vitamin C and renal stones underscores the importance of 

studying specifi c foods and not only the nutrients in isolation. In a study of specifi c beverages, grape-

fruit juice has been shown to signifi cantly increase stone risk (RR 1.44, P=0.008, 95% CI). No such 

increase in risk was seen in other juices containing ascorbic acid, including apple, orange, tomato, 

and other fruit juices relative to water despite their ascorbic acid content [20]. The peculiarities of 
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grapefruit juice have been well studied with respect to its effect upon drug absorption and metabo-

lism. However, to date, the particular elements responsible for juice-drug interactions that affect 

drug availability and metabolism are not completely understood [31]. It may be that these not yet 

understood elements implicated in pharmaceutical alterations are also responsible for changes in 

absorption and metabolism of dietary nutrients, including those involved in stone formation.

In contrast to grapefruit juice, cranberry juice may lower stone risk despite its vitamin C and 

oxalate content. Cranberry juice decreased urinary oxalate and phosphate, while increasing urinary 

citrate, which is also thought to decrease stone risk [32]. Cranberry juice is a widely recognized 

homeopathic treatment for urinary tract infections [33], and the authors have noted for patients to 

ask about this specifi c treatment. It is important to urge moderation in intake of a calorie-laden 

simple carbohydrate such as fruit juice of any kind. Clinicians should remind patients that a serving 

of cranberry juice is a mere 6 ounces, and that most fl uid intake should be water.

Alcohol and Caffeine Intake
Some of the same epidemiologic studies discussed earlier investigating the link between dietary 

patterns and stone formation also studied the risk of stones with caffeine and alcohol intake. Curhan 

and colleagues found that among women, increased coffee, tea, wine, and beer reduced the risk of 

stone formation over the course of 8 years [20]. The most marked reduction in risk was found with 

wine, showing a 45% reduction in risk for women who drank one or more glasses of wine daily 

compared with those who drank less than one glass per month (RR = 0.41, 95% CI). Less impressive 

but still signifi cant reductions were also noted with coffee, tea, and surprisingly, decaffeinated cof-

fee. Researchers theorized that despite signifi cant oxalate content in tea and coffee, the unexpected 

inverse relationship between these beverages and stone formation was likely due to the diuretic 

effect of caffeine and alcohol through anti-diuretic hormone (ADH) inhibition, which theoretically 

offset the increased oxalate content. They could not adequately identify a mechanism by which the 

decaffeinated coffee also improved stone risk, simply calling for further study [20]. More recent 

works suggest that polyphenolic compounds present in coffee, tea, and decaffeinated coffee improve 

carbohydrate metabolism. Pereira found lower risk of diabetes among postmenopausal women who 

drank both regular and decaffeinated coffees [34]. Since diabetics are recognized as more frequent 

stone formers, improved carbohydrate metabolism may result in lower risk of stone formation.

Similar to the women’s fi ndings, coffee, tea, beer, and wine were also associated with decreased 

risk of stone formation over the course of 6 years among men [35]. As an epidemiologic study, there 

was no attempt to further identify the physiology behind these fi ndings, or to positively identify the 

stone types involved.

With regard to alcohol intake and the risk of uric acid stones, beer, specifi cally, should be men-

tioned. Beer contains purines that are metabolized to uric acid [36]. An epidemiological study 

looking at uric acid stones, specifi cally, showed increased alcohol consumption in patients with uric 

acid stones as opposed to other stone types [37]. Furthermore, increased plasma and urine uric acid 

levels have been seen after several nights of increased beer ingestion [38–39]. With this in mind, 

moderation of beer consumption is recommended in patients who suffer from recurrent uric acid 

stones, again in contrast to the recommendations for those with known calcium oxalate stones.

SODIUM INTAKE

Sodium intake is thought to have a negative impact on urinary properties for the stone former. 

Sodium is reabsorbed in the kidney’s proximal tubule with water and provides for calcium to 

reabsorb with sodium and water into the bloodstream during fi ltration by the kidney. An overabun-

dance of sodium in the diet provides for less sodium reabsorption in the proximal tubule, and with 

it, less calcium reabsorption. This is thought to be the mechanism by which high sodium intake is 

responsible for hypercalciuria, and therefore the increased risk of stones. A study of 91,000 female 

nurses indeed showed that those with a dietary sodium intake of more than 4081 mg sodium/
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day had an RR of 1.30 (P < 0.001, 95% CI) for stone formation over those with a sodium intake 

of less than 1965 mg/day [18]. However, a similar large epidemiologic study of men did not show 

signifi cant risk of symptomatic stone formation based on dietary sodium intake [19]. In support 

of a low-sodium diet recommendation, Borghi and colleagues manipulated the diets of 120 men 

with history of stones and known hypercalciuria. They did fi nd that a normal calcium, low sodium, 

and low animal protein diet protected 60 men from recurrent stone formation more effectively 

than the lower calcium diet without modifi cations for protein and sodium prescribed for 60 other 

 stone-forming men [23].

MAGNESIUM INTAKE

Magnesium is recognized as another important element in reduction of CaOx kidney stone risk. 

Hypomagnesuria (excretion of less than 50 mg magnesium/24 hours) is a fi nding in 24-hour test-

ing that increases the risk of CaOx stones. Magnesium intake is thought to improve stone risk by 

reducing dietary oxalate absorption and increasing the solubility of calcium oxalate in the urine, 

preventing stone formation [40–41].

Hypomagnesuria is thought to be primarily rooted in dietary defi ciency. To that end, a study 

of 24 healthy (non-stone-forming) adults underwent separate dietary loads of oxalate with either 

calcium carbonate, magnesium oxide, or no dietary supplement intake to determine the response on 

urinary oxalate. The subjects who took magnesium supplementation as well as calcium supplemen-

tation both demonstrated improvements in their urinary properties. Magnesium supplementation 

was nearly as effective as calcium carbonate in reduction of urinary oxalate [40].

A 3-year double-blind study of 64 patients with known CaOx stone disease reduced their recur-

rent stone risk by ingestion of potassium-magnesium citrate. Compared with controls who received 

placebo, those who took the supplementation reduced their risk of recurrent symptomatic stone 

incidence by 84% (95% CI) [42].

PROTEIN INTAKE

Protein intake is thought to be positively associated with calcium and uric acid stone risk. Stones 

are relatively rare among vegetarians, and more common among more affl uent societies and popula-

tions with animal-based rather than plant-based diets. Protein intake is thought to increase calcium 

oxalate stone risk through increases in urinary calcium levels. Epidemiologic studies of men’s and 

women’s protein intake and the risk of symptomatic stones showed that for men, a protein intake of 

greater than 77 g daily was associated with an RR of 1.33 compared to men with a protein intake of 

less than 50 g daily [16]. For women in a similar study, there was no such association. Researchers 

were unable to explain this fi nding, but theorized that perhaps problems with the questionnaire’s 

design gave inaccurate results [18]. In a study of 18 stone-forming men and women with idiopathic 

hypercalciuria, subjects underwent protein intake restriction to determine the diet’s effect on urinary 

qualities thought to affect stone risk. After subjects were given a diet modestly restricted in protein 

(0.8 g protein/kg body weight) for 15 days, urine showed signifi cant reductions in calcium, phos-

phate, uric acid, and oxalate, and signifi cant improvement in citrate levels, all thought to improve 

the risk of stones in patients with hypercalciuria [43].

Uric acid is the end product of protein metabolism. Increased protein consumption has been 

shown to increase endogenous acid load with a subsequent increase in the net renal acid excretion 

[44]. Due to decreased urine pH and increased urine levels of uric acid, high purine intake, espe-

cially from animal protein, has been considered to increase the risk of stone formation. Despite this 

common recommendation, solid evidence regarding the risk of uric acid stones is lacking. Two large 

epidemiological studies regarding dietary habits and stone incidence were contradictory in regard to 

protein. One showed decreased stone incidence in men with protein intake less than 50 g/day after 

4 years, but when it was carried out for 14 years, this was only signifi cant for men with BMI less 
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than 25 kg/m2 [16, 19]. The other study did not show any association between protein intake and 

stone incidence in women [45].

Several small studies have clarifi ed the effect of protein intake on urine parameters, which 

increases the risk for stone formation. In a comparison of 12 days of a diet high in vegetable protein 

versus a diet high in animal protein in 15 healthy subjects, Breslau found among the animal protein 

group an increased excretion of undissociated uric acid and an increased risk of uric acid stone for-

mation on in vitro crystallization studies [46]. This fi nding was confi rmed in 2002 with a comparison 

of urine parameters after 5 days of a vegetarian versus a Western diet and an omnivorous diet. Uric 

acid excretion was signifi cantly lower after the vegetarian diet with a 93% reduction in the risk of 

uric acid crystallization as compared to the Western diet [47]. In yet another comparison of diets with 

varying amounts of protein, patients with protein intake greater than 2 g/kg/day had signifi cantly 

higher levels of urinary uric acid [48].

From these studies we can conclude that high animal protein diets may increase a patient’s risk 

for uric acid stone formation as it has been proven that such diets certainly alter urine parameters. 

An actual increased incidence of uric acid stones in patients with high protein intake has not been 

proven in a large, prospective study. Therefore protein intake in moderation is recommended, but 

restriction of protein to less than the current RDA cannot be recommended currently.

FRUIT AND VEGETABLE INTAKE

Increasing fruit and vegetable intake has been suggested to reduce the risk of nephrolithiasis. In con-

trast to meat intake, which has an acidifying effect, the intake of fruits and vegetables provides an 

alkaline load that theoretically protects against uric acid stone formation. Both the biologic basis and 

the clinical applications of the alkaline diet are discussed in Chapter 31, “Osteoporosis.” Vegetarian 

diets, those generally thought to be high in fruit and vegetable intake, have been found to change 

urine parameters in the direction of decreased risk for uric acid crystallization [46–49]. Increased 

fruit and vegetable consumption was found to have a protective effect on kidney stone formation in a 

retrospective review of self-reported stone incidence and dietary habits [50].

Fruit juices, specifi cally citrus juices, have often been touted to prevent kidney stone formation 

and several authors have investigated this claim. Orange juice may be benefi cial in the prevention of 

uric acid stones. Two studies showed an increase in urine pH and a decrease in undissociated uric acid 

levels in urine compared to baseline after several days of orange juice ingestion (1.2 L/day) [51–52]. 

Another study showed a signifi cant increase in urine pH after 0.5 L/day of orange juice ingestion, 

but no change in uric acid excretion [53]. Urinary uric acid and pH were not affected by lemonade 

intake in two separate studies [54–55]. Earlier, we discussed the positive effect of cranberry juice on 

urinary qualities thought to inhibit calcium oxalate stones. Inversely, however, cranberry juice has 

been found to decrease urine pH and increase the concentration of undissociated uric acid, thus likely 

increasing the risk of uric acid stones [56]. Thus increased consumption of fruits and vegetables is 

likely protective in uric acid nephrolithiasis and given the myriad additional health benefi ts of fruit 

and vegetable intake, this should be recommended to patients wishing to prevent further episodes 

of uric acid stones. These recommendations highlight the importance of biochemical analysis of 

stone type before giving specifi c recommendations for some dietary changes. Although orange juice 

consumption may be protective, the large amounts of calorie-fi lled juice necessary to initiate a small 

effect on urinary parameters constrain the recommendation for orange juice to one glass a day.

VI. COMORBID CONDITIONS

OBESITY

Recommendations for weight loss to reduce stone risk are largely based on epidemiologic fi nd-

ings of cohort studies of men and women in the Health Professionals Follow-up Study, the Nurses’ 

Health Study, and the Nurses’ Health Study II, which incorporate fi ndings of 45,000 men and 
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194,000 women; this information, like many of the fi ndings discussed previously, is offered without 

the benefi t of knowledge of the type of stone that subjects formed in these three studies. In men, the 

risk of symptomatic stones was signifi cantly larger for men weighing 220 lbs than for men weighing 

less than 150 lbs (RR 1.44, P = 0.002, 95% CI). Other measurements related to obesity, specifi cally 

degrees of weight gain and higher body mass index (BMI), were signifi cantly and positively related 

to stone risk [57].

The same trends found in men also held true in women. In younger women, the relative kidney 

stone risk rose to 1.92 (P < 0.001, 95% CI) for those with a body weight of over 220 lbs relative 

to women with a body weight of less than 150 lbs. Similar risk was found for older women. For 

younger women who gained 35 lbs or more after age 21, the relative risk was 1.82 (P < 0.001, 95% 

CI) of those whose weight remained unchanged. Older women’s risk of stones with the same weight 

gain was 1.7 times the risk of women who did not gain weight (P < 0.001, 95% CI). BMI and waist 

circumference showed similar signifi cant associations with stone risk among women [57].

A study that reviewed 24-hour urine studies of 4883 stone patients found a strong inverse asso-

ciation between obesity and urinary pH, and proposed that insulin resistance is at the heart of the 

metabolic fi ndings [58]. Increasing urinary acidity is found to be associated with formation of uric 

acid stones, and will be discussed in the following. This may represent the physiologic basis for the 

fi ndings in the three cohort studies above, though without information specifi c to the type of stone, 

it is not possible to determine whether there is another association between obesity and calcium 

oxalate stones.

DIABETES MELLITUS

Increased incidence of uric acid nephrolithiasis has been seen in both diabetic and obese patients 

[59]. Insulin resistance results in lower urine pH through impaired ammoniagenesis, so it has been 

hypothesized that type 2 diabetes favors the formation of uric acid stones. This was confi rmed 

in two large studies that showed an increased proportion of uric acid stones among diabetics as 

compared to nondiabetic stone formers [60–61]. Obesity increases urine acidity due to insulin resis-

tance. Indeed urine pH has been found to be inversely associated with body weight [62, 58]. Because 

urine is more acidic in obese patients, one would presume these patients have an increased risk of 

uric acid stones specifi cally. This was confi rmed in a study that showed that the proportion of uric 

acid stones increases with BMI in both males and females. Obesity and diabetes appear to be risk 

factors for uric acid nephrolithiasis, thus patients with recurrent uric acid stones should be coun-

seled to control weight and consider screening for diabetes.

URINARY TRACT INFECTION

Another comorbid condition frequently associated with kidney stones is urinary tract infection 

(UTI). Certain stones form specifi cally in urine infected with urea-splitting organisms such as 

proteus or klebsiella. These stones, composed of magnesium ammonium phosphate, then become 

the source of recurrent urinary tract infections because they harbor bacteria that are not susceptible 

to antibiotic therapy. These stones should be treated surgically to decrease the risk of recurrent 

infections and life-threatening urosepsis. Once the stones have been cleared, dietary prevention of 

urinary tract infection can be recommended. Cranberry juice and cranberry products are perhaps 

the most common recommendation. Cranberries have been shown to prevent bacteria (particularly 

E. coli) from attaching to the bladder epithelium, thus theoretically preventing infection [63–64]. 

A recent review from the Cochrane Database regarding evidence for the use of cranberry products 

to prevent UTIs concludes that there is some evidence to recommend cranberries in the prevention 

of UTIs, particularly in women with recurrent infections [65]. The authors note, however, that the 

dose and duration of treatment have not been established and that a signifi cant number of sub-

jects dropped out of the reviewed studies, indicating that the treatment may not be acceptable to 

all patients. Again, patients should be cautioned regarding the caloric content of juice and should 
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recognize that the acidifying effect of the juice may increase uric acid stone risk, although this has 

not been specifi cally studied.

In addition to cranberry juice, the role of probiotics in the prevention of UTI has been gaining 

interest in recent years. Theoretically, probiotics help to maintain a normal, healthy vaginal fl ora 

and thus prevent overgrowth and urogenital ascension of pathogenic organisms. Probiotic vaginal 

suppositories have been shown to reduce the rate of recurrent UTIs in two studies [66–67]. Studies 

on orally administered probiotics and the prevention of UTIs have been confl icting [68]. Currently, 

there are no commercially available probiotics in the United States that have been proven to reduce 

urinary tract infection. One comparative study did show that women with more frequent consump-

tion of fresh berry juices and fermented milk products containing probiotic bacteria, such as yogurt, 

sour milk, and cheese, had a lower incidence of UTIs [69].

HYPERPARATHYROIDISM

Approximately 2% to 3% of patients with recurrent stone disease have hyperparathyroidism. While 

this percentage is small, it should cause suspicion when a patient with recurrent CaOx stones has 

exaggerated urinary and blood measurements suggestive of oversecretion of parathyroid hormone 

(PTH). Such fi ndings include normocalcemia or hypercalcemia with hypercalciuria, hypophos-

phatemia, elevated PTH, bone demineralization evidenced by DEXA scan, and/or concurrent irri-

table bowel syndrome, depression, or other central nervous disorders [70]. Such patients may be 

diagnosed with the more common secondary hyperparathyroidism, resulting from chronic over-

stimulation of the parathyroid glands due to, for example, use of calcium-wasting diuretics such as 

furosemide, as well as chronic renal failure, malabsorption syndrome, and inadequate vitamin D. 

In such patients, an elevated ratio of chloride to phosphate (33:1 or greater) is also indicative of 

hyperphosphatemia [72]. The less common primary hyperparathyroidism can be caused by a benign 

adenoma of one or more parathyroid glands, however, and is cured by parathyroidectomy. As a 

matter of practice, referring patients with known elevated PTH to endocrinologists can more eas-

ily diagnose and treat the underlying defect. Patients with recurrent CaOx stones can benefi t from 

serum PTH measurement to detect one more underlying mechanism that, when properly treated, 

can make a signifi cant improvement in the risk for recurrence of CaOx stones, as well as fractures 

associated with the disease [70, 72].

VII. SPECIAL CONSIDERATIONS

Several medications can contribute to kidney stone formation. Some medications themselves crys-

tallize in urine and others contribute to stone formation due to their effects on urine pH and com-

position. Indinivir, trimaterene, and over-the-counter combinations of guaifenesin and ephedrine 

can all crystallize in urine leading to stone formation [73–76]. Crystallization of ciprofl oxacin and 

sulfa medications has also been reported [77–78]. Patients who need these medications for other 

medical problems should be advised to maximize fl uid intake in order to prevent stone forma-

tion. Loop diuretics lead to a hypercalciuric state by inhibiting the resorption of both calcium and 

sodium in the thick ascending limb of the loop of Henle. Carbonic anhydrase inhibitors, such as 

acetazolamide, may contribute to calcium phosphate stone formation by causing a chronic acidosis 

with resultant high urine pH, hypercalciuria, and low urinary citrate levels [76]. Topiramate has a 

similar effect on urine composition with a reported incidence of stones in patients taking this medi-

cation ranging from 1.5% to 5% [79–80]. Laxative abuse has also been associated with kidney stone 

formation [81]. If possible, these medications should be discontinued. Otherwise, general dietary 

recommendations of increased fl uid intake and moderation of sodium and protein are recommended 

in these specifi c situations.
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VIII. CONCLUSION

In conclusion, this chapter offers guidance for dietary recommendations in the treatment of the 

most common types of recurrent kidney stones, namely, calcium oxalate and uric acid stones. 

Because these are, by far, the most common stone types, most of the available literature focuses 

on calcium oxalate and uric acid stones. The reader should note that many other less common 

types of stones exist including calcium phosphate stones, cystine stones, and struvite (magne-

sium ammonium phosphate) stones. General recommendations, such as increased fl uid intake, 

can be given for all stone formers. More specifi c recommendations, however, depend on the 

chemical composition of the stones that are formed by a particular patient. Further individual-

ized recommendations regarding dietary management may be made confi dently only after stone 

type is known. Twenty-four hour urine testing can further delineate metabolic irregularities that 

can be at least partially modifi ed by diet. Examples of how this may be approached are found 

in Table 21.1.

TABLE 21.1
Diet Recommendations for Stone Type and Urinary Properties

Stone Type Urinary Property Recommendation

All stone types Increase fl uid intake to 2500 mL/24 hours; mostly water intake. 

Promote optimal weight through diet, exercise. 

Monitor for insulin resistance.

Monitor for signs of hyperparathyroidism. 

CaOx Maintain protein intake of 30% of total caloric intake. No need for 

further restriction, however.

Maintain adequate calcium intake for age, gender.

If supplement used, take with meals. Calcium citrate may be 

preferable to calcium carbonate.

Monitor serum vitamin D levels. High levels may increase stone 

formation; low levels decrease calcium absorption, increasing risk.

Evaluate drug interactions promoting stone formation.

Hyperoxaluria Moderate fruits and vegetables. Do not restrict calcium. Consider 

magnesium oxide or magnesium citrate supplementation. No real 

need for oxalate restriction.

Encourage moderate vitamin C intake by dietary sources. Caution with 

use of supplemental vitamin C; take with meals.

Hypomagnesuria Increase dietary sources of magnesium. Consider supplementation 

with magnesium oxide or magnesium citrate.

Hypocitraturia Consider calcium citrate or magnesium citrate supplementation. 

Lemon water (lemon or lime wedge in water) encouraged.

Hypercalciuria Sodium restriction to 2 g/24 hours or less. Do not restrict calcium 

intake below recommendations for age and gender.

Uric Acid Increase fruits and vegetables. 

Decrease excessive protein intake to no more than 30% of total caloric 

intake.

Limit intake of cranberry juice. Promote moderate use of orange juice.

No concerns for intake of coffee, tea, decaffeinated coffee; may 

improve carbohydrate metabolism, reduce stones in diabetics.

Beer intake reduced or eliminated. 
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22 Chronic Kidney Disease

Overview and Nutritional 
Interventions

Allan E. Sosin, M.D.

I. INTRODUCTION

Chronic kidney disease is underdiagnosed and underappreciated as a cause of illness and mortal-

ity. Fundamental changes in lifestyle predispose people in Western societies to compromised renal 

integrity and progressive deterioration of renal function. It is important to include the proper evalua-

tion of renal status in overall health assessment. Prompt diagnosis provides an opportunity to imple-

ment the strategies presented in this chapter and improve the current statistics.

II. EPIDEMIOLOGY

At present 350,000 are people on dialysis therapy in the United States, and that number is 

increasing at the rate of 7% yearly.1 Hemodialysis, peritoneal dialysis, and renal transplanta-

tion are the methods of treatment for chronic renal failure. Although they permit survival in an 

otherwise uniformly fatal condition, they are diffi cult and costly procedures, and impact quality 

of life. 

The major causes of end-stage renal disease (ESRD) are diabetes mellitus, accounting for 45% of 

cases, and hypertension, accounting for 27%.2 Since the majority of cases of diabetes and hyperten-

sion are preventable, and nearly all can be mitigated, optimal clinical management would greatly 

reduce the prevalence of end-stage renal disease.

There are fi ve stages of kidney disease, comprising a total of nearly 20 million affected 

individuals: 

Stage 1: Chronic kidney disease with normal or increased glomerular fi ltration rate (GFR >90)

Stage 2: Mild loss of kidney function (GFR 60–89)

Stage 3: Moderate loss of kidney function (GFR 30–59)

Stage 4: Severe loss of kidney function (GFR 15–29)

Stage 5: Kidney failure (GFR <15 or on dialysis)

One-third of patients with stage 4 disease will develop ESRD within 3 years. The median age of 

patients beginning dialysis in the United States is 65 years. The mortality rate of dialysis is high, 

24% per year, primarily due to heart disease and stroke, approaching that of lung cancer. 
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III. PATIENT EVALUATION

Two measurements of kidney function should be made: glomerular fi ltration rate (GFR) and the 

degree of albuminuria. A routine chemistry panel provides the level of creatinine, a protein metabo-

lite. Utilizing this number along with age, weight, and sex in the Cockroft-Gault equation, GFR can 

be calculated. 

GFR (cc/min) = (140−age) × (weight in kg) × (0.85 for women or 1.0 for men) / 72 × creatinine

Serum creatinine alone is not suffi cient to estimate GFR. Creatinine production refl ects muscle 

mass, which is less in older people, thinner people, those who are inactive, and women. Thus, a crea-

tinine of 1.0 indicates normal kidney function in a 300-pound football lineman, but signifi es sub-

stantial renal compromise in an 85-pound, 80-year-old woman. This distinction becomes especially 

important when administering drugs to older people, whose serum creatinine level does not refl ect 

the degree of renal disease, and whose prescription selections and dosages should be modifi ed.

Albuminuria, or protein loss through the kidneys, is a marker for the degree of renal damage. 

Protein loss, especially in diabetics, occurs prior to the rise of serum creatinine. This is most eas-

ily assessed by measuring the ratio of albumin to creatinine, preferably in the fi rst morning urine. 

Monitoring albuminuria offers information on the rate of loss of renal function, since the rate of loss 

of GFR increases with the rate of protein loss. Additionally, the degree of albuminuria correlates 

with the risk of cardiovascular complications, including myocardial infarction, stroke, and conges-

tive heart failure. Albuminuria can be reduced, and this reduction is accompanied by a lessening of 

cardiovascular events. In diabetics, suppression of albuminuria helps to preserve kidney function. 

As we will discuss, this can be achieved with medication, dietary protein restriction, and specifi c 

nutrient supplementation.

Urinary albumin losses greater than 3 g/day are accompanied by edema and hyperlipidemia, 

defi ning the nephrotic syndrome. Albumin itself may be toxic to renal tissue, and accelerate renal 

disease. Other compounds may be lost, including 1,25-dihydroxyvitamin D, and clotting factors IX, 

XI, and XII, leading to coagulation defects. Loss of antithrombin III may cause increased thrombo-

sis. A quarter of patients with nephrotic syndrome will have clotting disorders.

IV. PATHOPHYSIOLOGY

REVIEW OF RENAL PHYSIOLOGY 

The kidneys have multiple functions, the loss of which impacts other system operations:

 1. Waste product excretion—renal impairment leads to metabolic acidosis, anorexia, nausea, 

loss of muscle protein and general depletion, neurologic dysfunction due to accumulated 

toxins, and soft tissue deposition of oxalates and phosphates.

 2. Exquisite regulation of electrolyte concentrations and fl uid volumes—impairment leads to 

hyponatremia, hyperkalemia, hypocalcemia, hyperphosphatemia, hypermagnesemia, and 

intolerance to electrolyte or mineral loading.

 3. Blood pressure regulation—impairment leads to hypertension and cardiovascular disease, 

and accelerates the progression of renal disease.

 4. Endocrine mediators:

 a. Erythropoietin—defi ciency leads to anemia.

 b. Renin system activation—leads to hypertension and damage to arterial walls.

 c. 1,25-dihydroxyvitamin D production—decline leads to osteoporosis and immune 

dysfunction.

 d. Secondary hyperparathyroidism due to hyperphosphatemia and hypocalcemia, lead-

ing to metabolic bone disease and disseminated soft tissue calcifi cation. 
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 e. Prolonged half-lives of peptide hormones due to reduced degradation, including insu-

lin, glucagon, growth hormone, parathyroid hormone, prolactin, gastrin, and follicle-

stimulating hormone.

PATHOPHYSIOLOGIC MECHANISMS

Symptoms and signs of renal impairment often do not occur until disease is advanced. It is there-

fore important to detect abnormalities prior to the onset of clinical manifestations. The progression 

of renal disease can be modifi ed, but in most cases it is not possible to restore renal function once 

lost. Exceptions include auto-immune disease such as lupus erythematosus or idiopathic nephrotic 

syndrome, and acute renal failure.

The following factors contribute to the progression and initiation of renal disease:

 1. Uncontrolled diabetes mellitus

 2. Hypertension

 3. Nephrotoxic medicines

 4. High protein diet

 5. High phosphorus diet

 6. Proteinuria

 7. Acidemia

 8. Infl ammatory renal response, with release of cytokines

 9. Calcium oxalate or calcium phosphate deposition in the kidney

 10. Lead and cadmium toxicity

 11. Hyperuricemia

 12. Platelet aggregation in the kidney

V. PHARMACOLOGIC CONSIDERATIONS IN NEPHROTOXICITY

Prescription and nonprescription drugs frequently damage renal function. Acute interstitial nephri-

tis is largely a consequence of pharmaceuticals, including antibiotics (penicillins, rifampin, sulfa 

drugs, vancomycin, ciprofl oxacin, cephalosporins, erythromycin, acyclovir), diuretics (furosemide, 

thiazides, triamterene), and nonsteroidal anti-infl ammatory drugs (NSAIDs). NSAIDs cause both 

acute and chronic interstitial nephritis, and should be avoided, along with acetaminophen and 

aspirin, in patients with renal impairment. Despite having reduced kidney function, it is common 

for patients to employ NSAIDs or acetaminophen, without receiving cautionary advice from their 

physicians.

Osteoarthritis is ubiquitous in older people, and NSAIDs, acetaminophen, and aspirin are often 

prescribed or purchased over the counter. It is crucial that individuals with impaired renal function 

be told the risk of taking these drugs, kept on minimal required doses for the briefest period, and 

monitored for a rise in serum creatinine. Combinations of nephrotoxic drugs should be avoided. 

Other drugs known to provoke toxic kidney effects include the anti-seizure drugs phenytoin, pheno-

barbital, sodium valproate, and carbamazepine. Lithium, allopurinol, ranitidine, omeprazole, inter-

feron, cyclosporin, methotrexate, and cisplatin are other medications frequently causing kidney 

damage.

It was recently discovered that the magnetic resonance imaging contrast injectable gadolinium 

may cause a severe systemic reaction in people with preexisting renal disease. Called nephrogenic 

systemic fi brosis, the disease involves induration and hyperpigmentation of the skin, with fi brosis of 

skeletal muscles, heart, lungs, liver, and central nervous system.3 The condition is progressive and 

usually irreversible, and no treatment is effective. It is crucial to measure serum creatinine prior to 

injecting gadolinium in any patient. Gadolinium should be withheld from any patient with GFR less 

than 30, if possible.
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Aristolochia, a Chinese herb used primarily for weight loss, may cause chronic interstitial 

nephritis. It also causes urologic malignancies, and was responsible for the deaths of over 60 people 

in China, and several cases of renal failure in Belgium, England, and other European countries.4 

The use of statin drugs (HMG-CoA reductase inhibitors) is controversial in kidney disease. 

Statins may cause rhabdomyolysis with heme pigment tubular toxicity.5 Nevertheless, because renal 

disease is a cardiac equivalent, statins are often prescribed to those with renal failure. Recent stud-

ies, however, reveal no signifi cant reduction of cardiovascular events in dialysis patients receiving 

statins, despite the lowering of cholesterol.6 

Radiologic contrast dyes are a frequent cause of renal toxicity. Contrast-induced nephropathy, 

defi ned as an increase of creatinine greater than 0.5 mg/dL within 3 days of contrast administration 

without alternative cause, is the third most common cause of acute renal failure in hospitalized 

patients. Nephropathy occurs in up to 10% of patients with normal renal function, but in up to 25% 

of those with preexisting kidney disease or other risk factors such as diabetes, congestive heart 

failure, older age, and concomitant use of nephrotoxic drugs. Although the kidneys may eventually 

recover, permanent damage requiring chronic dialysis therapy may occur. 

Prevention of contrast-induced nephropathy includes adequate hydration with intravenous saline 

before and after the procedure, a dose of 100 cc/hour for a total of 6 to 12 hours. N-acetylcysteine is 

also provided, 600 to 1200 mg orally, the day before and the day after the procedure.7 N-acetylcysteine 

is an inexpensive nutritional supplement with virtually no side effects, and should likely be provided 

to all patients receiving intravenous contrast dyes.

The profusion of pharmaceutical agents, along with rampant prescribing of multiple drugs 

by some physicians, sets the stage for undesirable drug interactions and adverse patient reac-

tions. Doctors should assess their patients’ vulnerabilities prior to offering drug therapy, caution 

patients about risks, monitor the metabolic effects of these agents, and rapidly terminate drug use 

when organ deterioration appears. Renal effects may be progressive and irreversible, and when the 

patient enters stage 4 or 5 kidney disease, dialysis may be inevitable. Safe nutritional alternatives 

to drugs exist for the treatment of diabetes and hypertension, the two major causes of renal failure, 

and these should be employed in combination with, or in preference to, drugs whenever possible.

VI. COMORBIDITIES

HYPERTENSION

Hypertension is not only a major cause of kidney disease, but also determines the rate of progression 

and the risk of kidney failure.8 Blood pressure of less than 130/80 is the recommended target blood 

pressure for individuals with chronic kidney disease.9 

Patients with greater proteinuria derived more benefi t from tighter blood pressure control in the 

National Institutes of Health–funded study, Modifi cation of Diet in Renal Disease.10,11 Nutritional 

and lifestyle modifi cations included restrictions in dietary sodium and alcohol intake, along with 

exercise and weight loss. In 840 adults with chronic kidney disease of various origins, the usual 

blood pressure goal was a mean arterial pressure of <107 mm Hg, while the low blood pressure goal 

was a mean arterial pressure of <92 mm Hg. After 10 years, the incidence of kidney failure in the 

low blood pressure group was only 0.68 the incidence in the usual blood pressure group. The low 

blood pressure group also had a reduced risk of all-cause mortality. The type of medication used to 

lower blood pressure did not infl uence the results. In general, angiotensin-converting enzyme (ACE) 

inhibitors and angiotensin receptor blockers (ARBs) are used preferentially for blood pressure con-

trol in patients with renal impairment because of their superior effects on proteinuria. Patients tak-

ing these medications must be monitored for hyperkalemia.

Protein intake also infl uences blood pressure. The International Study of Macronutrients and 

Blood Pressure confi rmed that more vegetable protein, but not animal protein, was associated with 

lower blood pressure.12 
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The Dietary Approaches to Stop Hypertension (DASH) Study revealed that salt restriction and an 

increase in protein intake from 14% to 18% of calories reduced systolic and diastolic blood pressure 

in both hypertensive and nonhypertensive patients.13 In another study, Chinese adults with prehy-

pertension or mild hypertension were given a diet high in soy protein.14 Both systolic and diastolic 

blood pressures fell signifi cantly. Soy protein may reduce blood pressure by increasing insulin sen-

sitivity, or by increasing nitric oxide production from arginine. 

High blood pressure affects one-third of adults in industrialized societies. Excess sodium intake is 

a notorious contributor to hypertension. Primary and age-related hypertension are almost unknown 

in populations with sodium chloride intake of less than 50 mmol (about 3g) per day. The median 

urinary sodium excretion in a study involving 32 countries and 10,000 participants was 170 mmol/

day, representing a salt intake of 10g.15 

Processed foods are high in sodium and low in potassium. A cup of canned chicken noodle soup 

contains 48 mmol of sodium and 1.4 mmol of potassium, while an orange contains no sodium and 

6.0 mmol of potassium. Primitive populations eating unprocessed foods have an intake of potassium 

greater than 150 mmol/day, a sodium intake of 20 to 40 mmol/day, and a ratio of dietary potassium 

to sodium of 3–10/1. By contrast, people in industrialized societies ingest foods with a potassium to 

sodium ratio less than 0.4.16 

Low potassium aggravates the hypertensive effect of high sodium. Increasing potassium intake 

in rats has lowered blood pressure and reduced stroke and renal damage. Potassium supplementa-

tion reduces the requirement for antihypertensive medication. In one study, increasing potassium 

intake reduced the dose of antihypertensive medication by over half in 81% of patients, and allowed 

for termination of medication in 38%.17

The kidneys eliminate 90% of potassium, the rest exiting by the fecal route. The kidneys are not 

well adapted to handle a high-sodium diet. A low-potassium diet results in greater sodium retention. 

High sodium intake increases renal losses of potassium. The long-term effect of potassium deple-

tion is to further promote sodium retention. Thus, our aberrated modern diet of high sodium and 

low potassium promotes a vicious cycle of physiologic impairment leading to hypertension, arterial 

wall thickening and rigidity, and arterial thrombosis and atherosclerosis.

Potassium intake should be at least 5 g/day, twice our current intake. The forms of potassium 

not containing chloride, such as those found in fruits and vegetables, allow more effective cellular 

exchange of sodium for potassium, and a better antihypertensive effect.18

In our practice, nutrients used for blood pressure control include:

 1. Fish oils, 1500 to 3000 mg/day of combined EPA/DHA.

 2. Magnesium chelate or citrate containing 400 to 800 mg of elemental magnesium (monitor 

blood levels in renal disease).

 3. Potassium citrate containing 400 to 800 mg/day of elemental potassium (monitor blood 

levels in renal disease).

 4. Calcium chelate, malate, or aspartate, containing 400 to 1000 mg/day of elemental calcium.

 5. L-arginine, 2000 to 4000 mg/day. L-arginine promotes formation of nitric oxide, a 

vasodilator.

METABOLIC SYNDROME

The metabolic syndrome is defi ned as three or more of the following factors:

 1. Elevated blood sugar

 2. Low HDL cholesterol

 3. High triglycerides

 4. Elevated blood pressure

 5. Abdominal obesity
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The metabolic syndrome has long been recognized to be a signifi cant risk factor for heart dis-

ease, stroke, and diabetes. A recent study has identifi ed metabolic syndrome as a risk factor for 

the development of chronic renal disease as well.19 In Chen et al. the odds ratio of chronic kidney 

disease (GFR less than 60) was 2.6 in persons with metabolic syndrome compared to normals. The 

odds ratio of kidney disease for individuals with four components of the metabolic syndrome was 

4.2, and for those with fi ve components it was 5.8. The risk for microalbuminuria (urinary albumin-

creatinine ratio of 30 to 300 mg/gm) increased in a similar fashion. 

Individually and collectively, low HDL and high triglycerides, obesity, high blood pressure, and 

elevated blood sugar in the prediabetic range, correlate strongly with the development of renal dis-

ease. In fact, it is uncommon to fi nd renal disease in people without any element of the metabolic 

syndrome. 

Thus, lifestyle measures employed for the management of obesity, hypertension, diabetes, and 

cardiovascular disease will be effective for the prevention and slowing of renal disease. In our 

practice we recommend a Mediterranean-style diet, low in salt, high in fi ber, with protein predomi-

nantly vegetable in origin. Compared with a low-fat diet, the Mediterranean diet has superior effects 

on systolic blood pressure, glucose levels, and cholesterol/HDL ratio.20 A Mediterranean diet also 

tends to be an alkalinizing diet as described in Chapter 31, “Osteoporosis.”

There is controversy regarding the implementation of soy products in nutritional programs, 

related to the fact that most soy products in the United States are derived from genetically modifi ed 

seeds, and possible connections between soy and thyroid disease and bladder cancer.21 Soy protein, 

however, has demonstrated benefi ts in rat studies of aging nephropathy and polycystic kidney dis-

ease. Soy modifi ed all components of renal remodeling, proliferation, infl ammation, and fi brosis. 

These favorable changes may result from reduced arachidonic acid synthesis in favor of the anti-

infl ammatory prostaglandins.22 

Nutrients used for blood sugar control in our practice include:

 1. Chromium—up to 1000 μg/day. Facilitates glucose uptake into cells.23

 2. Vanadium—50 mg/day. Enhances insulin action. No evidence of toxicity at this dose.24 

 3. Alpha lipoic acid—300 to 1800 mg/day. Improves insulin sensitivity, also effective in 

treating diabetic neuropathy. It is a strong anti-oxidant and detoxifi er, regenerates vitamins 

C and E, and glutathione.25 

 4. Biotin—3000 μg/day. Improves both insulin sensitivity and diabetic neuropathy.26 

 5. Gymnema sylvestre—400 mg/day, which may act to increase insulin release.27 Gymnema 
sylvestre is an herbal product. There have been numerous reports of problems found in 

various herbal preparations, including contamination with heavy metals and pesticides, 

lower dosage than stated, or even the wrong ingredient. It is best to obtain these products 

from a reputable source, and to verify the absence of contaminants and correct identifi ca-

tion of the product.

 6. Cinnamon as a spice and in supplemental doses of cinnaminic acid supplements, Cinnulin™, 

150 mg/day.

The medical literature indicates that over 50% of diabetes type 2 is preventable using lifestyle 

changes in individuals with impaired glucose tolerance.28

VII. TREATMENT INTERVENTIONS

CHELATION AND RENAL DISEASE

Chelation therapy with EDTA has been offered as a treatment for cardiovascular disease with the 

proviso that chelation therapy should not be employed in the presence of elevated creatinine. Recent 

evidence indicates that chelation therapy may actually delay the progression of renal disease. 
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Investigators in Taiwan studied patients with chronic renal insuffi ciency (creatinine 1.5 to 

3.9 mg/dL).29 One gram of calcium disodium ethylenediaminetetraacetic acid (EDTA) was infused 

over 2 hours, and urine lead was measured in a 72-hour collection. Patients with urinary lead excre-

tion over 80 μg were assigned to either weekly chelation therapy or placebo. Chelation therapy was 

provided weekly for 24 months.

GFR increased by 11.9% in the chelation therapy group, while it declined in the control group. 

The body lead burden prior to therapy was similar to that in the general population. Results sug-

gested that chronic low-level environmental lead exposure may aggravate the progression of 

chronic renal disease, and that chelation therapy may delay progression in patients with chronic 

renal disease. 

FISH OIL FOR GLOMERULAR DISEASE

IgA nephropathy is the most common type of glomerulonephritis, and leads to kidney failure in about 

25% of patients. Disease recurs in transplanted kidneys, and causes graft failure in half of them. 

Fish oil therapy reduces proteinuria and protects kidney function. In one case, proteinuria recurred 

5 years after renal transplantation. In that patient, proteinuria was quantifi ed at 3299 mg/day prior to 

therapy. Six capsules of fi sh oil were given twice daily, for a total dose of 4320 mg eicosapentaenoic 

acid (EPA) and 2880 mg docosahexaenoic acid (DHA). Proteinuria declined to 458 mg/day, and did 

not worsen over the next 5 years.30 

The action of fi sh oil is thought to be a reduction of vasoconstrictive and proinfl ammatory eico-

sanoids, and a decrease in cytokine release.

In another study, fi sh oils were given to 10 patients with focal sclerosis or membranous glomeru-

lonephritis.31 The dosage was 10 g/day of combined EPA and DHA, as ethyl esters. Platelet throm-

boxane declined 25%, triglycerides fell 30%, and bleeding time increased by 2 minutes. Proteinuria 

declined from 3.7 g/day to 2.6 g/day at week 6, when treatment was stopped. The decline in protei-

nuria persisted for another 12 weeks, and then returned to prior levels. 

CHRONIC RENAL FAILURE

Dietary protein restriction is the mainstay of therapy in chronic renal failure. When animals with 

renal injury were fed a high-protein diet, renal failure ensued, while a low-protein diet slowed the 

progression. High-protein diets may aggravate renal disease by: 

 1. Stimulating nephron cell hypertrophy and proliferation, and glomerular scarring 

 2. Increasing reactive oxygen species 

 3. Creating an acid load, causing ammonium production and complement formation

 4. Increasing urea formation, causing hypertrophy of renal tubules 

 5. Generating aldosterone and angiotensin II 

Low-protein diets result in less uremic toxicity, so patients fed these diets may be able to avoid dialy-

sis therapy at lower levels of renal function than patients on high-protein regimens.32 Soy protein, 

compared with casein, an animal protein, more effectively slowed progression of renal disease.33

When glomerular fi ltration rate falls to between 25 and 70 mL/1.73m2/minute, recommended 

protein intake is 0.6 g/kg/day. With GFR below 25 mL/1.73m2/minute, it becomes increasingly 

important to pursue protein restriction. The low-protein diet generates fewer toxic nitrogenous by-

products, and has the additional benefi t of lower potassium and phosphorus content. At this stage, 

renal excretion of potassium, magnesium, and phosphorus is usually impaired, and blood levels may 

rise excessively. When GFR falls below 5 mL/1.73m2/minute, the risk of malnutrition and uremic 

toxicity is high, and renal replacement therapy through transplantation or dialysis should be pur-

sued. Hemodialysis patients should receive 1.1 to 1.2 g of protein/kg/day. Peritoneal dialysis patients 
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lose about 9 g of protein daily into the dialysate, as well as 2.5 to 4.0 g of amino acids. They should 

receive 1.2 to 1.3 g protein/kg/day. 

In nephrotic syndrome, seen in glomerular diseases and common in diabetic renal disease, the 

heavy urinary protein loss is accompanied by the loss of protein-bound nutrients, including iron, 

copper, and vitamin D. Heavy proteinuria potentiates renal failure, perhaps through the irritative 

effect of proteins on glomerular tissue. 

Renal failure causes weakness, nausea, and vomiting, weight loss, anemia, itching, muscle 

cramps, tremors, neuropathy, irritability, and cognitive dysfunction, eventuating in coma. Potassium, 

magnesium, and phosphorus levels rise, calcium declines due to hyperphosphatemia, and bicarbon-

ate falls due to retained acids. Aluminum, mercury, and other toxic metals may accumulate due to 

the loss of usual renal excretion. Defi ciencies of vitamin B6, vitamin C, and folic acid occur. 1,25-

dihydroxyvitamin D production by the kidneys is greatly impaired. 

Amino acid metabolism changes. Taurine levels are low, and l-carnitine levels are depressed in 

dialysis patients, impairing the metabolism of long-chain fatty acids in mitochondria and perhaps 

affecting energy production. L-carnitine supplementation is often provided either intravenously or 

orally, mainly to patients with muscle weakness, cramps, cardiomyopathy, anemia, and hypoten-

sion. The oral dose is 0.5 g/day.

Uremia is invariably fatal without intervention in the form of renal transplantation or dialysis, 

either hemo- or peritoneal dialysis. The success rate of transplantation has greatly improved, now 

90% at 1 year, but there is a shortage of donor kidneys. The majority of patients are treated with 

dialysis, but long-term survival is limited, and dialysis itself is sometimes poorly tolerated. Daily 

dialysis therapy offers an improved quality of life. 

Cardiovascular mortality in dialysis patients is extremely high, 25% per year, somewhat related to 

preexisting disease. Homocysteine levels are markedly elevated. Treatment with high doses of folic 

acid, vitamin B12, and vitamin B6, while reducing homocysteine levels, has not affected cardiovas-

cular complications signifi cantly.34 Cholesterol levels are also often elevated in dialysis patients, but 

treatment with statin drugs has not improved survival.35 The results suggest a different pathophysi-

ology of cardiovascular disease in dialysis patients, perhaps related to the dialysis process itself. 

Phosphorus levels rise in chronic renal failure, lowering serum calcium and leading to hyperpara-

thyroidism. This causes increased morbidity and mortality. Reduced phosphorus intake, a concomi-

tant of the low-protein diet, slows the advance of chronic renal failure. Phosphorus levels should be 

kept between 2.7 to 4.6 mg/dL. Aluminum-containing phosphate binders, once commonly employed, 

should be avoided, because aluminum may induce a syndrome of osteomalacia, anemia, weakness, 

and dementia. Instead, calcium carbonate, citrate, or acetate can effectively lower phosphorus levels. 

Calcium requirements increase in renal failure because of impaired renal production of 1,25-

 dihydroxyvitamin D and resistance to vitamin D actions. Further, the low-protein and low- phosphorus 

diet is also low in calcium. Most renal failure patients on low-protein diets require supplemental calcium 

of 1000 to 1400 mg/day. If the 25-hydroxyvitamin D level is less than 30 ng/mL, replacement should 

be provided with vitamin D2 (ergocalciferol). In addition, for patients with high parathyroid hormone 

levels (over 300 pg/mL of the intact hormone), the hyperparathyroidism can be suppressed using 1,25-

dihydroxyvitamin D (calcitriol) or a related compound such as alpha-calcidol or paricalcitol.

Table 22.1 recommends nutrient intakes in chronic renal failure and dialysis patients. Patients 

with advanced renal disease or on dialysis may be depleted of water-soluble vitamins and certain 

minerals. Anorexia, poor food intake, and the protein-limited diet cause these defi ciencies, along 

with altered metabolism, prescribed medications, and the dialysis process itself. Vitamin B6, vita-

min C, and folic acid are most often defi cient. Vitamin B12 is stored in the body, is protein-bound 

and not lost in dialysis, so that defi ciency is uncommon. Vitamin C should not be given in doses 

higher than 60 mg/day. Ascorbic acid may be converted to oxalate, which is highly insoluble and 

may be deposited in tissues, thus aggravating renal insuffi ciency. A 31-year-old renal failure patient 

had been taking 2 g of vitamin C daily for 3 years while on dialysis. Her kidney transplant initially 

functioned well but later failed, and she had widespread deposition of calcium oxalate crystals in 

the transplanted kidney.36
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TABLE 22.1
Recommended Nutrient Intake for Nondialyzed Patients With Chronic Renal Failure and 
Patients Undergoing Maintenance Hemodialysis or Chronic Peritoneal Dialysis37

Nutrients Chronic Renal Failure Maintenance Dialysis Comments

Protein 0. 60–0.75 g/kg/d Hemodialysis 

1.1–1.2 g/kg/d 

Chronic peritoneal dialysis 

1.2–1.3g/kg/d, up to 1.5 g/

kg/d if indicated

Over half should be high 

biologic value protein.

Energy 35 kcal/kg/d 35 kcal/kg/d Reduce if the patient’s 

relative body weight is 

>120% or the patient gains 

unwanted weight.

Fat (as percent of total 

energy intake)

30–40 30–40 If triglyceride levels are 

markedly elevated, 

percentage of fat in the 

diet may be increased to 

40%. Otherwise, 30% is 

preferable.

Carbohydrate Remainder of nonprotein 

calories

Remainder of nonprotein 

calories

Should be primarily 

complex carbohydrates.

Fiber 20–25 g/d 20–25 g/d Total intake.

Minerals (Diets to be supplemented with these quantities)
Sodium 1000–3000 mg/d 750–1000 mg/d

Potassium 40–70 meq/d 40–70 meq/d

Phosphorus 5–10 mg/kg/d 8–17 mg/kg/d

Calcium 1400–1600 mg/d 1400–1600 mg/kg/d

Magnesium 200–300 mg/d 200–300 mg/d

Iron 10–18 mg/d variable

Zinc 15 mg/d 15 mg/d

Water ~1500 mL/d, as tolerated usually 750–1500 mL/d

Vitamins (Diets to be supplemented with these quantities)
Thiamin 1.5 mg/d 1.5 mg/d

Ribofl avin 1.8 mg/d 1.8 mg/d

Pantothenic acid 5 mg/d 5 mg/d

Niacin 20 mg/d 20 mg/d

Pyridoxine HCl 15 mg/d 5–10 mg/d

Vitamin B12 3 μg/d 3 μg/d

Vitamin C 60 mg/d 60 mg/d

Folic acid 1–10 mg/d 1–10 mg/d Determine dose by serum 

homocysteine level.

Vitamin A No addition No addition

Vitamin D Variable Variable Dose depends on 

phosphorus and calcium 

levels. Provided as 

1,25-dihydroxyvitamin 

D3 or synthetic.

Vitamin E 15 IU/d 15 IU/d

Vitamin K None None May be necessary if 

malnutrition present or 

patient is on antibiotics.

Source: [37].
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Vitamin A levels are elevated in uremia, and vitamin A should not be supplemented. Doses 

above 7500 IU/day may cause bone toxicity.

Nutritional modifi cations in renal failure are so substantial and diffi cult to implement that patients 

should not be confronted with all requirements at once. Of primary importance is restriction of 

dietary protein, phosphorus, potassium, and magnesium, and supplementation of calcium. Fluid and 

sodium control, increased dietary fi ber, and reduced saturated fat and refi ned carbohydrate intake 

are of secondary importance. 

VIII. SUMMARY

Kidney disease is largely a consequence of hypertension, obesity, diabetes, metabolic syndrome, 

and drug and environmental toxicities. The same factors are underlying causes of many chronic 

degenerative diseases. Correction and prevention of these conditions will yield a reduced incidence 

of renal failure.

Medical professionals should pay greater attention to the signs of altered renal function. These 

are: 

Increasing serum creatinine, even within the normal range. • 

Proteinuria—measure urine microalbumin in all patients with hypertension, diabetes, and • 

prediabetes. Repeat this test at regular intervals. The level of proteinuria correlates with 

the presence and the advance of kidney disease. 

Increasing hypertension.• 

Possible drug toxicities—patients taking one or more drugs known to cause kidney dam-• 

age, especially NSAIDS and antibiotics.

Kidney disease is often not discovered until it is advanced, and the opportunity to reverse the dam-

age has become remote. If renal impairment is detected early, and corrective measures are imple-

mented, it need not progress. 

Proteinuria can be reversed, with concomitant preservation of renal function, by using fi sh oils 

in high dosage, and preferentially using ACE inhibitors and ARBs for the management of hyperten-

sion and proteinuria.

A low-protein diet, consisting mainly of vegetable protein, slows the progression of kidney dis-

ease. The diet should also be alkalinizing. 

The additive effect of reno-toxic medications, given in consort, should be considered when pre-

scribing medications. Doses should be lower when there is evidence of renal compromise. Renal 

status should be monitored during the course of therapy, and drugs should be stopped if renal 

impairment intervenes.

Reno-protective measures should be followed under all circumstances, and not reserved only for 

those with known kidney impairment. Adequate hydration and N-acetylcysteine prevent contrast-

induced nephropathy, have no risks, and should be routinely provided.

Perhaps the most effective means of protecting renal integrity is yet the most diffi cult to imple-

ment—lowering blood pressure by reversing the sodium/potassium ratio in the Western diet. 

Potassium content is high in plant-based, whole-foods diets, while sodium content is low. Refi ned 

foods and packaged products contain sodium in excess. Doctors should instruct their patients on 

ways to establish potassium dominance in meal planning. 

REFERENCES

 1. Goldman L, et al. Cecil Medicine 23rd edition. Philadelphia: Saunders Elsevier. 2008 p. 936. 

 2. Goldman L, et al. Cecil Medicine 23rd edition. Philadelphia: Saunders Elsevier. 2008 p. 922.

 3. Kay J, Bazari H, Avery L, et al. Case 6-2008—A 46-Year-Old Woman with Renal Failure and Stiffness 

of the Joints and Skin. NEJM. 2008; 358:827–839.

TAF-67621-08-0801-C022.indd   360TAF-67621-08-0801-C022.indd   360 12/19/08   7:37:30 PM12/19/08   7:37:30 PM



Chronic Kidney Disease 361

 4. Nortier J, Muniz-Martinez M, Schmeiser H, et al. Urothelial Carcinoma Associated with the Use of a 

Chinese Herb (Aristolochia fangchi). NEJM. 2000; 342:1682–1692.

 5. Goldman L, et al. Cecil Medicine 23rd edition, Saunders Elsevier. 2008 p. 863. 

 6. Wanner C, Krane V, März W, et al. Atorvastatin in Patients with Type 2 Diabetes Mellitus Undergoing 

Hemodialysis. NEJM. 2005; 353:238–248.

 7. Kelly A, Dwamena B, Cronin P, et al. Meta-analysis: Effectiveness of Drugs for Preventing, Contrast-

Induced Nephropathy. Ann Intern Med. 2008; 148:284–294. 

 8. Sarnak M, Greene T, Wang X, et al. The Effect of a Lower Target Blood Pressure on the Progression of 

Kidney Disease: Long-Term Follow-up of the Modifi cation of Diet in Renal Disease Study. Ann Intern 
Med. 2005; 142:342–351.

 9. Initiative KDOQ: K/DOQI Clinical Practice Guidelines on Hypertension and Antihypertensive Agents in 

Chronic Kidney Disease. Am J Kidney Dis. 2004; 43:S1–S290. 

 10. Klahr S, Levey A, Beck G, et al. The Effects of Dietary Protein Restriction and Blood-Pressure Control 

on the Progression of Chronic Renal Disease. NEJM. 1994; 330:877–884.

 11. Levey A, Caggiula A, et al. Effects of Dietary Protein Restriction on the Progression of Advanced Renal 

Disease in the Modifi cation of Diet in Renal Disease Study. Am J Kidney Dis. 1996; 27:652–663.

 12. Elliot P, Stamler J, Dyer A, et al. Association Between Protein Intake and Blood Pressure: The INTERMAP 

Study. Arch Intern Med. 2006; 166:79–87.

 13. Sacks F, Svetkey L, Vollmer W, et al. Effects on Blood Pressure of Reduced Dietary Sodium and the 

Dietary Approaches to Stop Hypertension (DASH) Diet. NEJM. 2001; 344:3–10.

 14. He J, Gu D, Wu X, et al. Effect of Soybean Protein on Blood Pressure: A Randomized, Controlled Trial. 

Ann Intern Med. 2005; 143:1–9.

 15. Intersalt Cooperative Research Group. Intersalt: An International Study of Electrolyte Excretion and 

Blood Pressure. Result for 24 Hour Urinary Sodium and Potassium Excretion. BMJ. 1988; 297:319–328.

 16. Standing Committee on the Scientifi c Evaluation of Dietary Reference Intakes. Dietary Reference Intakes 
for Water, Potassium, Sodium, Chloride, and Sulfate. National Academies Press, 2005.

 17. Sinai A, Strazzullo P, Giacco A, et al. Increasing the Dietary Potassium Intake Reduces the Need for 

Antihypertensive Medication. Ann Intern Med. 1991; 115:753–759.

 18. Adrogué H, Madias N. Sodium and Potassiumin the Pathogenesis of Hypertension. NEJM. 2007; 

356:1966–1978.

 19. Chen J, Munter P, Hamm L, et al. The Metabolic Syndrome and Chronic Kidney Disease in U.S. Adults. 

Ann Intern Med. 2004; 140:167–174.

 20. Estruch R, Martínez-Gonzalez MA, Corella D, et al. Effects of a Mediterranean-Style Diet on 

Cardiovascular Risk Factors: A Randomized Trial. Ann Intern Med. 2006; 145:1–11.

 21. Sun C, Yuan J, Arakawa K, et al. Dietary Soy and Increased Risk of Bladder Cancer: the Singapore 

Chinese Health Study. Cancer Epidemiol Biomarkers Prev. 2002; 11:1674–1677.

 22. Ogborn M, Nitschmann E, Weiler H, et al. Modifi cation of Polycystic Kidney Disease and Fatty Acid 

Status by Soy Protein Diet. Kidney International. 2000; 57:159–166.

 23. Anderson RA, Cheng N, Bryden NA, et al. Elevated Intakes of Supplemental Chromium Improve 

Glucose and Insulin Variables in Individuals with Type 2 Diabetes. Diabetes. 1997; 46:1786–1791.

 24. Boden G, Chen X, Ruiz, et al. Effects of Vanadyl Sulfate on Carbohydrate and Lipid Metabolism in 

Patients with Non-Insulin-Dependent Diabetes Mellitus. Metabolism. 1996; 45:1130–1135.

 25. Jacob S, Russ P, Hermann R, et al. Oral Administration of RAC-alpha-lipoic Acid Modulates Insulin 

Sensitivity in Patients with Type-2 Diabetes Mellitus: A Placebo Controlled Pilot Trial. Free Radic Biol 
Med. 1999; 27:309–314.

 26. Koutsikos D, Agroyannis B, Tazanatos-Exarchou H. Biotin for Diabetic Peripheral Neuropathy. Biomed 
Pharmacother. 1990; 44:511–514.

 27. Baskaran K, Ahmath BK, Shanmugasundaram KR, et al. Antidiabetic Effect of a Leaf Extract 

From Gymnema Sylvestre in Non-Insulin-Dependent Diabetes Mellitus Patients. J Ethnopharmacol. 
1990; 30:295–305.

 28. Tuomilehto J, Lindstrom J, Eriksson J, et al. Prevention of Type 2 Diabetes Mellitus by Changes in 

Lifestyle among Subjects with Impaired Glucose Tolerance. NEJM. 2001; 344:1343–1350.

 29. Lin J, Lin-Tan D, Hsu K, et al. Environmental Lead Exposure and Progression of Chronic Renal Disease 

in Patients without Diabetes. NEJM. 2003; 348:277–286.

 30. Ng R. Fish Oil Therapy in Recurrent IgA Nephropathy. Ann Intern Med. 2003; 138:1011.

 31. De Caterina R, Caprioli R, Giannessi D, et al. n-3 Fatty Acids Reduce Proteinuria in Patients with Chronic 

Glomerular Disease. Kidney International. 1993; 44:843–850.

TAF-67621-08-0801-C022.indd   361TAF-67621-08-0801-C022.indd   361 12/19/08   7:37:30 PM12/19/08   7:37:30 PM



362 Food and Nutrients in Disease Management

 32. Shils M, et al. Modern Nutrition in Health and Disease, 10th Edition. Baltimore, MD: Lippincott 

Williams and Wilkins. 2006; pp. 1475–1501.

 33. Damico G, Gentile MG, Manna G, et al. Effect of Vegetarian Soy Diet on Hyperlipidaemia in Nephrotic 

Syndrome. Lancet. 1992; 339:1131–1134.

 34. Jamison R, Hartigan P, Kaufman J, et al. Effect of Homocysteine Lowering on Mortality and 

Vascular Disease in Advanced Chronic Kidney Disease and End-stage Renal Disease. JAMA. 2007; 

298:1163–1170.

 35. Wanner C, Krane V, März W, et al. Atorvastatin in Patients with Type 2 Diabetes Mellitus Undergoing 

Hemodialysis. NEJM. 2005; 353:238–248.

 36. Nankivell BJ, Murali KM. Renal Failure from Vitamin C after Transplantation. NEJM. 2008; 358:e4.

 37. Shils M, et al. Modern Nutrition in Health and Disease, 10th Edition. Baltimore, MD: Lippincott 

Williams and Wilkins. 2006; 1487.

TAF-67621-08-0801-C022.indd   362TAF-67621-08-0801-C022.indd   362 12/19/08   7:37:30 PM12/19/08   7:37:30 PM



VISection 

Neurologic and Psychiatric Disorders

TAF-67621-08-0801-C023.indd   363TAF-67621-08-0801-C023.indd   363 12/19/08   7:37:40 PM12/19/08   7:37:40 PM



TAF-67621-08-0801-C023.indd   364TAF-67621-08-0801-C023.indd   364 12/19/08   7:37:40 PM12/19/08   7:37:40 PM



365

23 Autistic Spectrum Disorder

Dynamic Intervention for Neuronal 
Membrane Stabilization

Patricia C. Kane, Ph.D., Annette L. Cartaxo, M.D., 
and Richard C. Deth, Ph.D.

I. INTRODUCTION

Autistic spectrum disorder (ASD) is a neurodevelopmental disorder characterized by impairments 

in social interaction, communication, behavioral stereotypes, and a range of cognitive defi cits. 

Clinical signs of autism are frequently present at 3 years of age, but many toddlers demonstrate 

abnormalities in social, communication, and play behavior as early as 14 months. These impair-

ments are considered to arise as a consequence of a disturbed neural network during pre- or  postnatal 

development.

Children within the realm of ASD exhibit a systemic presentation that has forced us to look 

deeper, to embrace the whole person—the brain, the nervous system, the gastrointestinal system, 

the immune system, the endocrine system, the hepatic system. Children with autism will teach us 

as no patient ever has before.

A new autism model is emerging1 with a major shift in emphasis from genetic causality to environ-

mental factors that act upon individual genetic vulnerability, to systemic insult, to cellular function. 

This chapter approaches autism by discarding the old model of autism as a static or “fi xed” condi-

tion, and embracing autism as a dynamic condition with changeable features, where signifi cant 

improvements and recoveries are reachable. By carefully examining the state of the cell membrane, 

the relevant neurochemistry, and the essential fatty acid status, we have a metabolic window into 

attaining an individualized biomedical approach toward food and nutrient-based interventions.

II. EPIDEMIOLOGY

Autism was initially described in the U.S. and European medical literature in the 1940s, and was 

deemed to be rare until the 1980s, when the prevalence was determined to be no more than 5 per 

10,000 persons. Today the prevalence of ASDs is understood to be many times greater, second only 

to mental retardation among the most common serious developmental disabilities in the United 

States,2 occurring in 1 in 150 children.

In 2007, in the most recent government survey on the rate of autism, the Centers for Disease 

Control and Prevention (CDC) found that the rate is higher than the rates found from studies con-

ducted in the United States during the 1980s and early 1990s. The debate continues about whether or 

not this represents a true increase in the prevalence of autism or a change in criteria used to diagnose 
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it. Increased recognition of the disorder by health care professionals and the general public may be 

a contributing factor to the increasing rates.

Nonetheless, the CDC report confi rms other recent epidemiologic studies documenting that more 

children are being diagnosed today than ever before.

Epidemiological surveys of ASD have now been carried out in several countries yielding some 

common characteristics, including an association with cognitive defi cits in ~60% of the cases of 

idiopathic autism, and ~30% with autism spectrum taken as a whole. The three diagnoses of ASD 

include Autistic disorder, Asperger’s disorder, and Pervasive Developmental Disorder Not Otherwise 

Specifi ed (PDD-NOS).

The male-to-female ratio of children with autism is 4.3:1 among those with comorbid mental 

retardation. While approximately 70% of individuals with ASD have IQs measured below 70, it 

is considered “functional retardation”; some individuals with ASD have very high IQ readings in 

specifi c subtests or overall. ASD is a condition separate from mental retardation and there exists a 

clear distinction between the two disorders. Estimates of the occurrence of epilepsy associated with 

autism vary, but the latest consensus is 30%.3 There is a 5% to 10% association with rare and genetic 

medical conditions, but no correlation with social class, race, and ethnicity.4

III. PATHOPHYSIOLOGY

The new biological model for autism contends that there are many “autisms” and that the etiology of 

the disorder is based on biology, not behavior. Autism has been modeled as a brain-based, strongly 

genetic disorder, but emerging fi ndings and hypotheses support a broader model of this condition 

as being genetically infl uenced and systemic. The rising incidence of autism warrants a closer look 

at both preventable causes and potential solutions related to genetic, environmental, and nutritional 

factors. The new autism paradigm (Table 23.1) proposed by Martha Herbert1,9 attempts to reconcile 

the controversy.

Herbert views multiple levels of understanding of autism that point us toward an integration of 

basic and practical research:

Chronicity—Autism now appears to be not simply a result of something abnormal before • 

a child is born, but instead a result of processes that are ongoing and active.

Plasticity—We have a greater appreciation of dynamic, changeable features of autism and • 

the possibility of sustained improvement.

Complexity—New knowledge is illuminating the many levels of autism within each indi-• 

vidual as neurological, medical, metabolic, molecular, and genetic, existing alongside 

communication and behavior.

Reports of rate increases and improvement or recovery support a role for modulation of the 

condition by controlling environmental factors, according to Herbert and other prominent investiga-

tors. Altered neurodevelopment is widely recognized as the underlying neuropathological cause of 

TABLE 23.1
Changing Models of Autism
Old Model New Model

Genetically determined Environmentally triggered; genetically infl uenced

Brain based Both brain and body are involved

Hard wired Metabolic abnormalities play a big role

Treatable but not curable Treatable and recovery possible
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ASD. There is evidence of postnatal evolution and chronic persistence of brain, behavior, and tissue 

changes, along with physical illness and symptomatology such as gastrointestinal, immune, and 

hepatic involvement. Autistic features may overlap with other disorders:

Fragile X syndrome, tuberous sclerosis, Landau-Kleffner syndrome, Angelman’s syndrome, 

Lesch-Nyhan syndrome, adrenoleukodystrophy, ornithine transcarbamylase defi ciency, Huntington’s 

chorea, glutaric aciduria, phenylketonuria, hyperasparaginemia, propionic acidemia, systemic 

carnitine defi ciency, purine disorders, cobalamin metabolism defects, sulfi te oxidase defi ciency, 

cytomegalovirus, West Nile virus, herpes encephalitis, Rett’s syndrome, congenital rubella, pheno-

sulphotransferase-P defi ciency, porphyria, and Smith-Lemli-Optiz syndrome.

Investigations into the etiology of autism include genetic and epigenetic factors, environmental 

toxicity, errors in metabolism, acquired errors in metabolism resulting in metabolic disturbance, 

hepatic dysfunction, endocrine imbalance, disturbed membrane stability, and neuroinfl ammation 

as focal points. The cause of autism is very likely a common pathophysiologic sequence that is 

triggered in various ways by epigenetic and/or environmental factors. The biomedical approach 

in the treatment of ASD considers that the brain and body can be injured together, that behavioral 

problems stem from altered tissue properties, that biomedical treatments focused toward stabilizing 

cellular function can help heal tissue, and that healthier tissue generates healthier behaviors.

NEUROINFLAMMATION

Zimmerman and colleagues, at Johns Hopkins,10–12 identifi ed neuroinfl ammation in autism in 

2005. In essence, they hypothesize that environmental factors such as neurotoxins, infections, and 

maternal infections; genetic susceptibility; and the immunogenetic background of the child affect 

the development of aberrations in cortical organization and neuronal circuitry. Consequently, neu-

roinfl ammatory changes occur, resulting in the eruption of autistic symptoms. Their research has 

demonstrated neuroglial and innate neuroimmune system activation, as evidenced by neuroinfl am-

mation in the brains studied, with marked activation of microglia and astroglia.

Neuroinfl ammatory processes were isolated in the cerebral cortex, white matter, and notably, in 

the cerebellum. The neuroinfl ammation appears to refl ect innate CNS response, but not to involve 

the adaptive immune system with lymphocytes. Classical descriptions of infl ammatory processes 

involve a vascular component. Autism lacks both a vascular component and a classical infl amma-

tory response. The immune system appears activated exclusively within the brain and in aspects 

only of its innate components, astrocytes and microglial cells, and the infl ux of macrophages. 

Cytokine profi ling revealed elevations in a number of proinfl ammatory cytokines in brain tissue, 

particularly macrophage chemoattractant protein (MCP-1) and tumor growth factor-beta 1, derived 

from neuroglia. The cerebellum was isolated as the focus of an active and chronic neuroinfl amma-

tory process. Cerebral spinal fl uid (CSF) showed a unique proinfl ammatory profi le of cytokines, 

including a marked increase in MCP-1, as noted in the Vargas et al. studies, while recently Chez and 

colleagues13 identifi ed elevation of tumor necrosis-α (TNFα) in CSF.

Cytokines and chemokines play important roles as mediators of infl ammatory reactions in the 

CNS and in the neuronal-neuroglial interactions.14 The immune and nervous systems are complex, 

highly evolved networks that transmit signals through the release of chemical mediators such as 

cytokines and neuropeptides. The neuronal synapse and the contact interface between T cells and 

antigen-presenting cells share a similar architecture. There is continual communication between 

the immune and nervous systems, with many peptides playing a role in both. It has been proposed 

that abnormalities in the levels and actions of neurotransmitters or neuroactive compounds during 

early critical windows of neurodevelopment may lead to the onset of autism. Neurotransmitters 

and neuropeptides not only have crucial roles in the development and organization of neural tissue, 

but also have a systemic impact on almost all body functions, including immunity. Numerous trans-

mitter systems, including acetylcholine, dopamine, glutamate, serotonin (5-HT), epinephrine, nor-

epinephrine, oxytocin, vasopressin, and γ-aminobutyric acid (GABA), have been studied in autism,15 
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revealing a 48% to 61% decrease in glutamic acid decarboxylase, an enzyme that converts glutamate 

into GABA, in the parietal and cerebellar regions of the brain, compared with controls.16 In autism, 

this may suppress the GABA-ergic system, resulting in seizures due to the heightened stimulation of 

the glutamate system. In addition, excitotoxic damage of neurons may result in abnormal structural 

development of the brain due to glutamate hyperactivity.17

Two early biomarkers of neuronal toxicity are mitochondrial dysfunction (depolarization, 

decreased ATP synthesis, structural collapse, and potential opening of the permeability transition 

pore) and the formation of focal swellings (termed dendritic beads) along the length of dendrites. 

The appearance of dendritic beads is indicative of dysfunctional (depolarized and morphologically 

collapsed) mitochondria due to toxic exposure.18

Mitochondrial dysfunction and dendritic beading are both initiated by glutamate excitotoxicity. 

However, these events can also be induced by a combination of mitochondrial depolarization (or the 

subsequent failure of ATP synthesis) and ion (sodium and/or calcium) infl ux involving an increase 

in intracellular NaCl (osmotically driven H20) following the rapid failure of active Na+ effl ux or 

Ca2+-dependent excitotoxicity. Kane and Cartaxo have observed frequent elevation of serum calcium 

in 90% of children with ASD in ~10,000 analyses of blood chemistries over the past 25 years.

Mitochondria are highly dynamic organelles with their traffi cking and elongated morphology 

being regulated by neuronal and mitochondrial activity. Mitochondrial transport, morphology, and 

function are affected by physiological activity such as synaptic transmission and pathological pro-

cesses, as manifested in excitotoxicity.

Dendrites are especially vulnerable to neuronal injury under pathological conditions. Given that 

excitatory synaptic contacts are made predominantly on dendritic arbors, the dendrites have been 

demonstrated to be the initial site of glutamate-mediated excitotoxic injury.19

Mitochondria exhibit changes in both mobility and morphology during excitotoxicity. Under nor-

mal physiological conditions, mitochondria within neuronal dendrites appear elongated and undergo 

extensive directional and lateral movement. However, following exposure of neurons to glutamate20 

or synaptic activity,21 an inhibition of mitochondrial movement is observed. This is accompanied by 

a change in mitochondrial shape from an elongated to a rounded/swollen morphology.20–24

Although mitochondrial induction of delayed calcium deregulation (DCD) involves the genera-

tion of cell-damaging reactive oxygen species (ROS) by calcium-loaded mitochondria, which some 

might suggest to be “oxidative stress,” it has been demonstrated that levels of ROS only increase 

signifi cantly following the induction of DCD, implying that the release of ROS is a consequence 
rather than a cause of calcium deregulation25 Recently, it has been reported that the critical fac-

tor responsible for the induction of DCD appears to be bioenergetic insuffi ciency and downstream 

failure of plasma membrane ion pumps.26 This mechanism is supported by observations that mito-

chondrial ATP production is impaired during excitotoxic insults and neuronal ATP levels are 

diminished rapidly.27,28 There is also indication that dendritic beading results from disruption of 

the cytoskeleton, which has been viewed during ultrastructural studies of human cortical biopsies, 

which revealed disrupted microtubules in dendritic beads.29

To attempt to stabilize mitochondrial function and production of ATP it would be necessary to 

optimize mitochondrial membrane morphology, which is dependent upon cardiolipin. Cardiolipin 

(CL) is an acidic phospholipid present almost exclusively in membranes of mitochondria, which 

generate an electrochemical potential gradient for ATP synthesis, providing stability to respiratory 

chain supercomplexes. Cardiolipin structurally appears as the joining of two phospholipids at their 

respective head groups. Appearing as a “Siamese twins” structure, cardiolipin has two lipid tails on 

each phospholipid, but with the connection, has four lipid tails. Cardiolipin’s four acyl chains are 

composed of ~80% linoleic acid (18:2ω6), a polyunsaturated fatty acid of the ω6 series.

Cardiolipin is found only in the inner matrix of the mitochondria, and has one specifi c function, 

that of slowing down the high activity level that is characteristic of all active membrane lipids. It 

is especially useful in its particular location on the inner leafl et of the mitochondria, considering 

the critical demands of the electron chain transfer of the Krebs cycle. Cardiolipin biosynthesis is 
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regulated by the mitochondrial transmembrane pH gradient. The disruption of the pH gradient, but 

not membrane potential or ATP synthesis, results in decreased cardiolipin synthesis.30 Therefore, 

the pathway for cardiolipin biosynthesis is regulated by the transmembrane pH component of the 

proton-motive force generated by the mitochondrial respiratory chain, thus the alteration of subcel-

lular pH as a mechanism of regulation of phospholipid biosynthesis.

Recent attention has focused on mitochondrial involvement in ASD by Zimmerman and col-

leagues31 after identifying that a 19-month-old girl developed ASD associated with mitochondrial 

dysfunction following nine vaccinations at one time at 18 months of age. Muscle biopsy revealed 

an increased lipid content and reduced cytochrome c oxidase activity, along with marked reduc-

tions in enzymatic activities for complex I and III. To determine the frequency of routine labora-

tory abnormalities in similar patients, tests were performed on 159 patients with autism. Aspartate 

aminotransferase was elevated in 38% of patients with autism compared with 15% of controls 

(P < .0001). The serum creatine kinase level also was abnormally elevated in 22 (47%) of 47 patients 

studied with autism. Elevation of creatine kinase is directly linked to suppression of phosphatidyl-

choline in the cell membrane.

In 2002, Fillano and colleagues32 found that children with a clinical constellation of symptoms, 

including hypotonia, epileptic seizures, autism, and developmental delay, had mitochondrial dys-

function, including extensive abnormalities in specifi c enzyme activities, mitochondrial structure, 

and mitochondrial DNA integrity, and termed the condition HEADD syndrome.

Kane and Cartaxo view ASD as a disturbance in cellular function due to toxic insult. It is apparent 

that there is marked impairment in peroxisomal function due to the characteristic buildup of very 

long chain fatty acids.33–46 Ceramides, or lipid rafts, can accumulate47 after toxic insult, impairing 

cell structure and function. Phospholipid architecture and cell membrane integrity can be distorted 

if there is an overexpression of ceramides, so that peptides, receptors, and ion channels are com-

promised. Mitochondrial function may also be involved due to global cellular derangement and 

ineffi cient metabolism. Yechiel and Barenholtz48 describe the phenomenon of an overall swollen 

morphology of the cell if it is deprived of phosphatidylcholine, or is subject to toxic insult. In addi-

tion, these researchers found that the higher the level of creatine kinase, the lower the phosphati-

dylcholine (PC) level in the cell. Control of mitochondrial respiration must be achieved through 

cardiolipin homeostasis. Phosphatidylcholine supports the stabilization of the mitochondrial (cardi-

olipin) and cell (phospholipid) membranes with oral and intravenous use, and may be the mechanism 

by which ASD patients have positive responses to the Membrane Stabilizing Protocol.42 Dendritic 

beading does not always result in cell death, and some cells recover from the original toxic insult.28 

Perhaps this is the pivotal point whereby ASD is not a static condition, but rather a dynamic one 

where a child’s neurological status can improve. By approaching ASD from a cell membrane per-

spective we have a treatment regime that targets the core of this disorder.

NEUROTOXICITY, ALTERED NEUROTRANSMISSION, AND FALSE NEUROTRANSMITTERS

Consideration must be given to the possibility that various classes of environmental factors contribute 

to the etiology of neuroinfl ammation in autism, since low-dose persistent toxic exposures may prove 

relevant, especially where genetics plays a role in modulating the threshold for vulnerability.49

An intriguing hypothesis is that brain-specifi c autoantibodies50,51 found in serum may be increased 

through pathways that induce neuronal degeneration and dysfunction in the absence of any immune-

mediated mechanism. Among these pathways are chronic, subclinical infection or the sequelae of past 

infection;52–55 the consequence of maternal infection, such as infl uenza16,56–59 or exposure to a naturally 

occurring feline-borne or equine-borne pathogen, such as Borna disease virus.60–63

These autoantibodies may eventually serve as diagnostic markers for autism. Neonatal Borna 

disease virus (BDV) appears to be linked to neuronal loss in the hippocampus, neocortex, and 

cerebellum, with hallmark Purkinje cell degeneration and predominant dendritic abnormali-

ties.3 Similarly, Margaret Bauman found the same areas of the brain affected in ASD as in Borna 
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 virus-associated abnormalities, along with “stunting of dendritic arbors” after detailed examination 

of ASD brains.64,65 In both BDV and ASD, behavioral anomalies include defi cient social behaviors, 

cognitive defi cits, hyperactivity, and stereotypy. The similarities of BDV and ASD are reviewed in 

Bauman’s book, The Neurobiology of Autism,64 stating that there are a striking number of parallel 

symptoms and features, including brain pathology, neurochemical alterations, and behavioral defi -

cits that closely link autism and Borna disease virus.66

Fatemi and colleagues16 have identifi ed a sharp elevation of 5-HIAA (hydroxyindoleacetic acid) 

and serotonin via neurochemical analysis of the brains of mice whose mothers were injected with 

human infl uenza virus. Thus, increased 5-HIAA may have a strong link to the genesis of ASD.

Kane33 proposed in 1996 that ASD may be the aftermath of a toxic insult (viral infection, acet-

aminophen overdose, heavy metal toxicity) evoking hepatic encephalopathy, resulting in hyper-

ammonemia and suppression of several key enzymes, such as carbamylphosphate synthetase, 

glutamine synthetase, and ornithine transcarbamylase. In addition, alteration in serotonin and dop-

amine metabolism could occur with characteristic elevation of metabolites 5-HIAA (5-hydroxyin-

doleacetic acid), DOPAC (3,4-dihydroxyphenylacetic acid), and IAA (indole-3-acetic acid). Kane33 

found that children with ASD consistently have elevated serum blood urea nitrogen (BUN) levels 

that normalize as their symptoms of autism resolve with oral and IV phospholipid therapy.

Both Page and Coleman found organic acidemia in artifacts such as elevated uric acid and orotic 

acid in urine depicting purine autism67–69 and poor nitrogen clearance involving hyperammonemic 

states. Folate defi ciency causes massive incorporation of uracil into DNA and subsequently chromo-

some breaks due to disturbed methylation. Both high DNA uracil levels and elevated micronucleus 

frequency (a measure of chromosome breaks) are reversed by folate (folinic acid or tetrahydrobiop-

terin, not folic acid) administration.70

Orotic acid found in urine may indicate an ornithine transcarbamylase defi ciency with an accom-

panying state of hyperammonemia and susceptibility to seizures. Impairment or damage of the 

orthithine transcarbamylase hepatic enzyme may be exacerbated by exposure to heavy metals such 

as mercury, or by toxic doses of acetaminophen.

It is conceivable that, rather than the full expression of hepatic encephalopathy, a milder form, 

termed metabolic or subclinical encephalopathy, may result in autistic features. Brain abnormalities 

in hepatic encephalopathy include astrocytic rather than neuronal changes,71 whereby astrocytes 

take on a characteristic swollen shape distinctive in Alzheimer’s disease.9,18,72,73 This phenomenon is 

described in autism, and appears quite similar to the neuroinfl ammation in Alzheimer’s disease.

The metabolites of altered serotonin metabolism and ammonia are a result of postviral insult. The 

hallmark of hepatic encephalopathy, hyperammonemia, produces an increase in brain glutamine, 

which results in an increase in brain water and a deterioration in neuropsychological function.74

In the brain, the astrocyte is the main arena for ammonia detoxifi cation, during the conversion 

of glutamate to glutamine. Astrocytes maintain and regulate the extracellular environment, and 

infl uence neuronal excitability and neurotransmission.75 The swelling of astrocytes activates extra-

cellular regulated protein kinases, elevates intracellular calcium concentration, up-regulates the 

expression of peripheral benzodiazepine receptors, affects multiple ion channels and amino acid 

transport, affects receptor densities and neurotransmitter processing, and increases the synthesis 

of neurosteroids, which are potent modulators of neuronal GABA receptor activity. These mecha-

nisms induce changes in multiple neurotransmitter systems, which produce the neuropsychiatric 

disturbances.

Astrocytes belong to the macrophage lineage, thus they have the potential repertoire of cytokine 

responses. They contain most cytokines and have the ability to synthesize interleukin-1beta (IL-1β) in 

response to peripheral infl ammation,76 which may induce mediators such as nitric oxide, superoxide, 

and prostaglandins, thereby making the brain more vulnerable to the effects of hyperammonemia.

Ammonia causes neurotransmitter abnormalities, and induces injury to astrocytes that are par-

tially mediated by oxidative stress. Viral infections can stimulate nitric oxide synthase, which syn-

thesizes NO, leading to increases in free radical production and to oxidative stress. Recently, there 
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has been a reemergence of discussion of oxidative stress involvement with the etiology of autism; 

however, any toxic exposure (infection, heavy metals) evokes a similar response and the consequent 

free radical production. Thus oxidative stress would be present as the aftermath of a toxic event, 

not the cause of autism. An analogy would be that, if a house burned to the ground, and the follow-

ing day water was poured on the remains of the house, it would not “re-build” the house. Loading 

a patient with antioxidants is a futile gesture, as the damage has already occurred. Treatment 

should be centered on rebuilding membrane structure and thereby stabilizing membrane function. 

Membranes can be repaired by supplying balanced essential fatty acids, phosphatidylcholine, and 

phenylbutyrate orally and intravenously.42

Hepatic encephalopathy is a disease process that is accompanied by a constellation of CNS 

derangements, and can evoke altered dopamine and serotonin metabolism, modifi cations of neu-

rotransmission, and activation of the brain opioid system.77,78 In 1971, Fischer and Baldessarini 

found that abnormalities of the metabolism of amines and amino acids may explain behavioral and 

neurologic changes in hepatic dysfunction. Accumulations of false or substitute neurotransmitters 

may mediate neuropsychiatric phenomena in states of inborn or acquired metabolic error.79,80

Research has indicated that disturbed brain metabolism and altered functions of the neurotrans-

mitters dopamine, noradrenaline, serotonin, and GABA, and the false neurotransmitters phenyle-

thanolamine, octopamine, and synephrine, may be of high importance in the pathomechanism of 

hepatic encephalopathy.81 Octopamine was found to be the primary false neurotransmitter formed 

in the CNS, and it competes with dopamine for uptake and release in central nerve endings, hence 

leading to encephalopathy.82 Recently, Deshpande and colleagues78 found increased extracellular 

concentration of DOPAC in an animal model of liver ischemia with no change in dopamine itself. 

They administered branched chain amino acids (BCAA) to suppress DOPAC successfully; how-

ever, neither serotonin nor its metabolite 5-HIAA were affected by treatment with BCAAs.

High concentrations of free tryptophan and indolyl acrylic acid correlate with subclinical 

encephalopathy and the development of disordered neurotransmission and mental disturbance.77,83 

In 1961, Schain and Freedman fi rst reported elevation of platelet serotonin in children with autism. 

Researchers have continued until the present to query hyperserotoninemia as a causal or noncon-

tributory entity in autism.

In 1998, both Shattock84 and Marklova85 published papers on increased levels of indole excre-

tion in urine as indolyl-3-acryloylglycine (IAcrGly) and indoleacrylic acid (IAcrA). Bergeron 

also noted in 1998 that 5-HIAA, the major metabolite of serotonin (5-hydroxytryptamine, 

5-HT), is increased in the prefrontal cortex and in the caudate nucleus of brain tissue86 in hepatic 

encephalopathy.

Indole-3-acetic acid (IAA) was found to inhibit tryptophan binding to human serum albumin. 

Elevation of free tryptophan and IAA correlate with hepatic encephalopathy and deranged neu-

rotransmission, and may be directly linked to autistic features.77,83 Research failed to elucidate 

altered tryptophan and serotonin metabolism for many years due to false negative test results occur-

ring if the patient had exposure to sunlight. IAcrGly undergoes isomerization with in vivo sunlight 

exposure and will not appear in the urine or blood during the summer months. See Table 23.2 for 

the abnormal lab results suggestive of metabolic encephalopathy and the corresponding treatment 

regimes.

The neurological and immune systems are inextricably intertwined from the beginning of life. 

Pre- or perinatal immune dysregularities are capable of altering levels of cytokines, chemokines, 

neurotransmitters, and neuropeptides, as well as hormones. Each of these biomarkers may infl uence 

the course of development in the nervous and/or immune systems.14 A developmental perturbation 

may be the beginning of a continual cycle of damage to or disruption of both systems. Numerous 

pathways may lead to the development of autism, including, but not limited to, genetic susceptibil-

ity, toxicity, aberrant lipid metabolism, infection, or immune abnormalities playing primary roles. 

Research in understanding the reciprocal actions of the nervous, immune, hepatic, and endocrine 

systems is beginning to unravel the mystery of autism.
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BIG BRAINS, INCREASED WHITE MATTER VOLUME, AND DISTURBED CONNECTIVITY

Autism has been found to be associated with an overall enlargement of brain volume, while being 

further associated with increased subcortical white matter in the frontal lobe, with abnormal pat-

terns of growth in the cerebral cortex, amygdala, and hippocampal formations.73 The clinical onset 

of autism appears to be preceded by two phases of brain growth abnormalities: a reduced head size 

at birth, followed by a sudden and excessive increase between 1 to 2 months and 6 to 14 months of 

age.87 Neuroimaging studies have shown that an abnormal pattern of brain overgrowth also occurs 

in areas of the frontal lobe,90,91 cerebellum, and limbic structures between 2 and 4 years of age, a 

pattern that is followed by retardation of brain growth.87–89 Other studies of cortical and cerebral 

white matter volumes are indicative of interregional disconnectivity,90,91 potentially resulting in 

poor integration within and across neurobehavioral developmental domains.88,92 All of these brain 

regions are intimately involved in the development of social, communication, and motor abilities, 

which are impaired in ASD.

White matter enlargement is initially greater, and persists longer, than cerebral or cerebellar 

cortical involvement, suggesting that the white matter enlargement is less likely a function of an 

increase in neuronal number and more likely to be a consequence of changes intrinsic to white 

matter, such as through increased myelination.73 Bauman hypothesizes65 that the most likely expla-

nation for the increase in brain size is the presence of improperly formed or chemically abnormal 

myelin, or atypical up-regulation in the normal early production of myelin during the fi rst few years 

of life, resulting in a disturbance of myelin that could lead to dysfunctional processing of informa-

tion throughout the brain. This phenomenon was described further by Kohl as a “possible quantita-

tive difference” in myelin phospholipids, proteolipid protein, and glycolipids that could be aberrant 

in autism.93,94 The fi nding of membrane-enclosed brain glycolipids in adult presentations described 

by Simon95 may support Kohl’s hypothesis, especially since the siblings Simon describes present 

with symptoms that parallel autism.

Simon95 and colleagues describe a unique familial leukodystrophy with adult-onset dementia in 

a brother and sister whose manifestation of symptoms occurred after the age of 30. The patients pre-

sented with progressive cognitive decline, paucity of speech, limited thought content, blunted affect, 

motor restlessness, poor judgment, liability, and with progression of the nonverbal presentation. 

TABLE 23.2
Abnormal Lab Results Depicting Involvement of Metabolic Encephalopathy

Elevation of 5-hydroxyindoleacetic acid (5-HIAA)• 

Elevation of 3,4-dihydroxyphenylacetic acid (DOPAC) • 

Elevation of indole-3-acetic acid (IAA)• 

Elevation of urinary false neurotransmitters: phenylethanolamine, octopamine, synephrine• 

Elevation of serum calcium• 

Elevation of BUN and ammonia• 

Treatment Regimes Suggested for Metabolic Encephalopathy to Clear Ammonia 

Butyrate, phenylbutyrate (oral or IV), phenylacetate• 

Phosphatidylcholine (oral or IV)• 

L-carnitine • 

Sodium benzoate • 

L-ornithine-L-aspartate (oral or IV)• 

Lactulose• 

Branched chain amino acids (to reduce DOPAC only)• 

Sunlight• 
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Extensive laboratory investigation was unrevealing; however, a right frontal brain biopsy showed 

“scattered cortical neurons containing coarse, irregular, densely osmophilic material and round 

lipid droplets (lipofuscin) described as a leukodystrophy with membrane enclosed glycolipoid 

inclusions.”

Kane reported overmyelination in autism and hyperactivity in 1996 based on red cell fatty acid 

analyses that depicted sharp elevation of the myelin markers, dimethyl acetyls (DMA) from plas-

malogens as 16:0 DMA, 18:1 DMA, and 18:0 DMA. High-dose intravenous phosphatidylcholine, 

used as part of a broader treatment called the Membrane Stabilizing Protocol,42 has normalized 

DMAs in red cell pediatric patients with ASD in 6 to 9 months. Adult patients with amyotrophic 

lateral sclerosis (ALS) often have gross elevations of DMAs, which have been shown to normalize 

with treatment generally in 1 year.39,42,96

The observed association between increased white matter volume and functional impairment 

may be representative of global patterns of brain abnormality, refl ecting defi cits in socialization 

and communication that defi ne the disorder. Investigators have proposed that the pattern on impair-

ments associated with autism, as well as some relative strengths in perceptual processing is second-

ary to abnormalities in structural and functional connectivity.91,97,98

Overgrowth of localized cortical connections and undergrowth of more distant connections 

between the cerebral cortical regions and within subcortical structures91,98 have been hypothesized 

to cause impaired complex information processing99 and “weak central coherence.”100 Increased 

volume of localized cortical connections contributes to functional impairment in children with 

autism.

Casanova’s101 studies of individuals with autism suggest abnormalities in cortical minicolumns, 

vertical clusters of large neurons delimited by cell-sparse areas on either side, refl ected as a bias 

toward shorter connecting fi bers, which are localized to radiate white matter, at the expense of lon-

ger fi bers connecting distant cortical and cortical-subcortical regions. Nitric oxide insuffi ciency has 

been proposed as one potential causal mechanism for autism that could cause narrow minicolumns 

postnatally.102

White matter growth is not synonymous with the connectivity at all histological levels. Although 

autism is a developmental disorder characterized by white matter overgrowth, it is very different 

from a disorder associated with damage to white matter, such as cerebral palsy. The increase in 

white matter volume and poor clinical and brain function highlights the dissociation between white 

matter tract overgrowth and dendritic and synaptic underdevelopment. White matter fi ber pathways 

may be larger without actual dendritic or synaptic connections having been established. Thus, the 

appropriate interpretation may be that the white matter pathways are enlarged, not that connectivity 

is increased.3

In a series of proton (1H) MR spectroscopy (MRS) studies, Minshew identifi ed the cerebral 

cortex as the site of origin of neurological abnormalities.3 These imaging studies have revealed a 

lack of increased white matter in the corpus callosum, suggesting that the primary pathophysiology 

is intrahemispheric and not specifi c to white matter. Minshew further delineates decreased gray 

matter concentrations of choline-containing compounds, and of myoinositol in the Friedman imag-

ing studies,103 are indicative of decreased cellularity and synaptosome density. Sokol104 found an 

increase in the choline/creatinine ratio associated with membrane degeneration. Minshew hypoth-

esizes3 that the primary event might have been neuronal, occurring in the cerebral cortex, and that 

the white matter changes are expressions or consequences of that event.

Imaging of patients with ASD has unveiled the neural systems related to social interaction, gaze 

and motion processing, face identity and emotion, visual perception, higher-order perceptual pro-

cessing, and the difference between automatic processing and deliberate conscious or cognitive pro-

cessing.3 Due to the constellation of symptoms of ASD, various genetic and epigenetic mechanisms 

are beginning to be identifi ed that account not only for multi-organ involvement, but also for the 

diversity of fi ndings within the central nervous system in ASD.
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CELLULAR LIPID ABERRATIONS, LOW CHOLESTEROL, EFA INSUFFICIENCY, AND VLCFAS

In 1993, Minshew3 found evidence of enhanced membrane degradation and decreased levels of 

high-energy phosphate compounds in early 31P MRS spectroscopy studies of the prefrontal cortex of 

high-functioning ASD males from ages 11 to 36. These early fi ndings revealed disturbed membrane 

phospholipid metabolism, which Kane had observed in lab results of patients with ASD, after interpre-

tation of their red cell fatty acid analysis. In 1996, Ann Moser, of the Peroxisomal Diseases Laboratory 

at Kennedy Krieger Institute, was able to precisely analyze red cell specimens of patients with autism, 

so that it was possible to accurately assess aberrations in membrane structure and function.

Kane observed a sharp elevation of very long chain fatty acids (VLCFAs) in patients with 

autism and neurological diffi culties,33 which may refl ect disordered lipid membrane metabolism in 

myelin as well as in neuronal structures. Bauman and Kemper consistently found enlarged neurons 

(described as “big fat neurons”) in the brains (specifi cally in the deep cerebellar nuclei, inferior 

olive, and nucleus of the diagonal bond of Broca in the septum) of children aged 5 to 13 years, while, 

in contrast, older brains had neurons that were markedly reduced in size.64 Bauman hypothesizes 

that there may be various causative factors, such as “neuronal swelling which may be followed by 

atrophy due to transaction of an axon.” However, in 1994, Kane discussed with Bauman the sharp 

elevation of VLCFAs in autism, which would engorge peroxisomes paralleling the “big fat” neu-

rons with “big fat” peroxisomes, and that this phenomenon could be a possible etiology of ASD. 

Interestingly, in peroxisomal disorders the phenomenon of engorgement of very long chain fatty 

acids in the peroxisome occurs in the initial phase, but eventually is atrophied as the individual 

neurologically deteriorates or survives the metabolic disorder into adulthood.105,106

Peroxisomal disorders are characterized by an accumulation in tissue and body fl uids of ren-

egade fatty acids: saturated and mono-unsaturated VLCFAs, odd chain fatty acids, and branched 

chain fatty acids, pristanic and phytanic, which are normally degraded within the peroxisome, but 

instead can accumulate and form lipid rafts, or ceramides, which derange cell membrane structures. 

The accumulation of renegade or VLCFAs refl ects blocked detoxifi cation and methylation path-

ways, and may be characteristic in autism, PDD, seizure disorders, stroke, neurological disease, and 

states of neurotoxicity.35,45,46,96

Research on inherited peroxisomal disorders, such as neuroinfl ammatory X-linked adrenoleu-

kodystrophy (X-ALD), has been inspired by the work of Hugo and Ann Moser.107 X-ALD has a 

 typical clinical onset of 2.75 to 10 years of age, presenting with strikingly similar symptoms to ASD, 

including behavioral changes, intellectual deterioration, poor school performance, verbal apraxia, 

attention defi cit, hyperactivity, impaired auditory discrimination, fatigue, anorexia, alternating diar-

rhea and constipation, abdominal pain, vomiting, and visual impairment (visual fi eld cuts).

The hallmark of X-ALD is an accumulation of C24:0 and C26:0 fatty acids in plasma and tis-

sues. Degradation of VLCFAs occurs in peroxisomes via beta oxidation. Since the accumulation 

of VLCFAs108 can form ceramides and has been clearly established to be deleterious to the brain 

and CNS,109 it is possible that autism may mimic pseudo-neonatal adrenoleukodystrophy105,106,110 

as a peroxisomal disorder with enlarged peroxisomes, suppressed peroxisomal ß-oxidation, and a 

compromised neurological system.

Aberrations in the red cell fatty acid analysis of patients with autism include:

Buildup of renegade fatty acids, including VLCFAs, branched chain fatty acids, and odd chain • 

fatty acids, leading to compromised membrane integrity, as these rigid VLCFAs form cer-

amides, which can traverse the cell and deform the membrane phospholipid structure, thereby 

altering the position of receptors, peptides, and ion channels.

Enzymes involved in peroxisomal oxidation are suppressed by the elevation of VLCFAs • 

and subsequently, infl ammatory cytokines.111 Ribofl avin (vitamin B2) is pivotal in lipid 

metabolism,110 especially during cytokine expression and exposure to endotoxins112 and may 

be used intravenously and/or orally to address infl ammation and detoxifi cation, and to stimu-

late peroxisomal function.
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Low total lipid content due to poor nutrition, digestive diffi culties, or deviant fatty acid • 

metabolism.

Grossly imbalanced • ω-6 and ω-3 essential fatty acids due to overzealous supplementation of 

fi sh oil. Overdosing with ω-3 suppresses ω-6 by competitive inhibition.

Defi ciency of EFAs due to failure to obtain EFAs from a poor quality diet, or a digestive • 

problem involving the gall bladder’s release of bile and/or the release of lipase from the 

pancreas.

Sharp elevation of DHA, indicative of the formation of aberrant infl ammatory lipid • 

metabolites, which occurs after a toxic exposure to pesticides, microbes, heavy metals, or 

chemicals.

Kane33 reported in 1996 that children with ASD had elevation of DHA in their RBCs without fi sh 

oil supplementation. UMDNJ researchers discovered the same abnormality, and researcher Bernd 

Spur linked elevation of DHA to toxic exposure. He notes that subsequent aberrant lipid metabo-

lism leads to infl ammatory pathways, which may be identifi ed by a buildup of VLCFAs. The use 

of IV phenylbutyrate can attenuate this infl ammatory process; however, intravenous phosphatidyl-

choline must also be administered to stabilize membrane function and to prevent the reformation 

of VLCFAs and aberrant infl ammatory responses, which in ASD involve neuroinfl ammation. DHA 

supplements should not be administered to children and adults with autism.

In states of toxicity via biotoxins, chemicals, or heavy metals, there is a sharp increase in phos-

pholipase A2 (PLA2) activity.113 A spike in PLA2 profoundly disrupts the lipid bilayer of the mem-

brane because fatty acids are uncoupled from the phospholipids. Membrane integrity is sacrifi ced 

and control of prostaglandins, involving vital management of bodily processes, is in disarray.114,115 

Accelerated loss of EFA results in an infl ammatory immune response due to the release of arachi-

donic acid in the presence of an overexpression of PLA2. A prolonged increase in PLA2 results in 

altered membrane permeability and ion homeostasis, loss of ATP, degeneration of essential mem-

brane phospholipids, and release of free fatty acids, which may result in infl ammation, including 

neuroinfl ammation. Severe neurodegeneration may occur in the brain115 if PLA2 activity is not con-

trolled. Carbohydrate consumption, as one of the strongest stimulators of PLA2, must be restricted 

to control the insulin response and the subsequent loss of EFAs.

Zimmerman and colleagues116 recently verifi ed improvement in aberrant behavior including irri-

tability, hyperactivity, stereotypy, and inappropriate speech in children with autism during febrile 

episodes. However, they were not able to elucidate the underlying biological mechanism.

Fever is initiated by circulating PGE2 synthesized by macrophages of the LPS-processing organs 

(lungs and liver) via phosphorylation of cPLA2 and transcriptional up-regulation of COX-2.117 

Prostaglandin (PG) E2 is a principal downstream mediator of fever. By increasing the blood-brain 

gradient of PGE2, this mechanism likely facilitates penetration of PGE2 into the brain.22

Eicosanoid biosynthesis is initiated by the activation of phospholipase A2 and the release of 

arachidonic acid (AA) from membrane phospholipids.118 Thus, fever affects lipid metabolism by the 

release of EFAs, which are the substrates to prostaglandins and modulators of behavior, immuno-

logic and neurobiological pathways, intracellular signaling, and synaptic plasticity.

Bukelis and colleagues119 published a paper describing patients with an inborn error of choles-

terol synthesis, Smith-Lemli-Opitz syndrome, as having abnormalities strikingly characteristic of 

ASD. Phospholipids, sphingomyelin, cholesterol, cerebrosides, gangliosides, and sulfatides are the 

most predominant lipids in the brain residing within the architectural bilayers.48,120 Cholesterol is 

a major membrane component, and along with the wax-like saturated palmitic and stearic acids, is 

responsible for the rigidity and strength of the membrane.

EFAs, including both polyunsaturated fatty acids (PUFAs) and highly unsaturated fatty acids 

(HUFAs), are liquid, which increases the fl uidity index of the cell membrane. Phospholipids and 

their essential fatty acid components provide second messengers and signal mediators. The proper 

balance of EFAs, phospholipids, cholesterol, and saturated fatty acids is paramount to establish an 

optimal index of membrane fl uidity.

TAF-67621-08-0801-C023.indd   375TAF-67621-08-0801-C023.indd   375 12/19/08   7:37:41 PM12/19/08   7:37:41 PM



376 Food and Nutrients in Disease Management

In essence, phospholipids and their EFA components play a vital role in cell signaling systems 

in the neuron. The functional behavior of neuronal membranes largely depends upon the ways in 

which individual phospholipids are aligned, interspersed with cholesterol, and associated with pro-

teins. All neurotransmitters are stored in phospholipid vesicles, and the release and uptake of the 

neurotransmitters depend upon the realignment of the phospholipid molecules. The nature of the 

phospholipid is a factor in determining how much neurotransmitter or metal ion will pass out of a 

vesicle or be taken back in. Phospholipid remodeling may be accomplished by supplying generous 

amounts of balanced lipids and catalysts via nutritional intervention and the use of intravenous 

phospholipids as oral and intravenous phosphatidylcholine.

Having tested thousands of patients with ASD over the past 25 years, Kane and Cartaxo36 (unpub-

lished data) note that about one-third have low cholesterol. Low cholesterol is indicative of poor cell 

membrane integrity, but supplementation of cholesterol can be easily accomplished by the use of 

organic egg yolk, which contains 250 mg of cholesterol per yolk.

CANDIDATE SUSCEPTIBILITY GENES FOR AUTISM

A polygenetic theory of ASD is emerging, while the possibility of a single-gene disorder is fading 

and is being replaced with the concept of an expression of multiple abnormal genes acting in concert 

with a currently unspecifi ed environmental factor.

The identifi cation of chromosomal abnormalities in autism2,121,122 has helped reinforce the view 

that genetic infl uences are important in the development of this disorder. There are numerous 

reports in the literature documenting chromosomal abnormalities, but there is a lack of consistent 

fi ndings. Regions of interest identifi ed on chromosomes include 1p, 2q, 5q, 7a, 7q, 15q, 16p, and Xq. 

One promising region is on chromosome 7q, which has been substantiated by the identifi cation of 

chromosomal anomalies in this area in individual autism cases. Other candidate genes for autism 

risk have been identifi ed in the same location. Additional candidate genes that have received much 

attention are the serotonin transporter gene on chromosome 17q, the HOX genes on chromosome 2, 

the reelin gene and engrailed gene on 7q, and neuroligin genes on Xp and Xq.

Autism has been linked with autoimmunity, and an association has been established with 

immune-based genes including human leukocyte antigen HLA-DR B1 phenotype123 and comple-

ment C4 alleles. There is potential that aberrant immune activity during vulnerable and critical 

periods of neurodevelopment could participate in the generation of neurological dysfunction char-

acteristic of ASD. Specifi c alleles of the human leukocyte antigen (HLA) system, such as the DR4 

allele, occur more often in ASD children, and frequently in their mothers. A fetus possessing a 

DR4 allele may have increased immune reactivity due to the mother’s exposure to toxins, which 

could create an increased susceptibility to forming autoantibody or cytokines that cross-react with 

antigens in the fetal brain.

The numerous and complex modes of gene-environment and system impacts are aligned with 

systemwide fi ndings (e.g., gastrointestinal, hepatic, immune) in ASD.121 Kane and Cartaxo36 have 

had several patients with exposure to arsenic (city water supply in Australia) and methylmercury 

(daily consumption of white albacore tuna or swordfi sh) during fetal development who had gross 

developmental abnormalities with acquired, not inherited, chromosome abnormalities. Liberal 

administration of EFAs, phosphatidylcholine, phenylbutyrate, and support with methylation cata-

lysts (folinic, methylcobalamin, tetrahydrobiopterin, ribofl avin, pyridoxine) and nutrient-dense diet 

have yielded positive outcomes for these patients with the development of speech and normal cogni-

tive processes.

EPIGENETIC ASPECTS

Epigenetics is the study of heritable changes in gene expression that are not mediated at the DNA 

sequence level. Molecular mechanisms that mediate epigenetic regulation include DNA methylation 
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and chromatin/histone modifi cations. The science of epigenetics is the study of all those mechanisms 

that control the unfolding of the genetic program for development, and that determine the phenotypes 

of differentiated cells. The best-known and most thoroughly studied epigenetic mechanism is DNA 

methylation,124 which provides a basis both for the switching of gene activities, and for maintain-

ing the stability of differentiated cells. Developmental insults or epigenetic interactions can unmask 

underlying genetic vulnerabilities, and probably are at the core of the development of ASD.

DISTURBED METHYLATION, DOPAMINE RECEPTOR–MEDIATED PHOSPHOLIPID METHYLATION

From the earliest origins of life, the unique chemical reactivity of sulfur compounds has given them 

a central role in maintaining homeostasis and adapting to environmental threats. Important examples 

include the antioxidant activity of glutathione, detoxifi cation of heavy metals and xenobiotics, redox-

dependent modifi cations of cysteine residues in proteins, and more than 150 methylation reactions, 

each depending upon the sulfur amino acid methionine, as a source of methyl groups. Since available 

sulfur resources are limited, these activities functionally compete with each other, requiring dynamic 

adaptive responses within pathways of sulfur metabolism.

Four major components of sulfur metabolism can be recognized:

Glutathione synthesis• 

Sulfation• 

Transsulfuration• 

Methylation• 

Dopamine-stimulated phospholipid methylation represents a unique example of methylation 

that appears to be involved in synchronization of neuronal networks, particularly during attention. 

Among these four activities, synthesis of the cysteine-containing tripeptide glutathione is arguably 

the most fundamental, since it controls the cellular potential for oxidation or reduction,125–127 affect-

ing essentially every biochemical reaction and supporting the very survival of cells.

All cells contain the same chromosomes, and the same potential for gene expression. 

Differentiation of distinct cell types during development refl ects a time-dependent progression of 

variable gene expression. This progression is orchestrated by shifts in the methylation pattern of 

both DNA and histone proteins, which tightly bind DNA and sequester genes so they cannot be tran-

scribed into mRNA or protein products. Thus, methylation must function normally during develop-

ment to maintain normal epigenetic control over gene expression. Toxic exposure during gestation 

or infancy can impair methylation, and is, therefore, a threat to normal development, and may lie at 

the root of autism, as well as of other developmental disorders that lie within this interface between 

metabolism and gene function.

If ASD patients have polymorphisms in 5,10-methylenetetrahydrofolate reductase (MTHFR), 

modeling predicts that there will be a decrease in MTHFR activity reducing concentrations of 

S-adenosylmethionine and 5-methyltetrahydrofolate, as well as DNA methylation, while modestly 

increasing S-adenosylhomocysteine and homocysteine concentrations and thymidine or purine syn-

thesis.128 Decreased folate, together with a simulated methyl-B12 defi ciency, result in decreases in 

DNA methylation and purine and thymidine synthesis. Decreased MTHFR activity superimposed 

on the methyl-B12 defi ciency appears to reverse declines in purine and thymidine synthesis.128

When dysfunctional methylation is caused by genetic abnormalities, it infl uences early fetal develop-

ment, often with devastating consequences. One example is Down’s syndrome, caused by chromosome 

21 trisomy with excess transsulfuration. The coincident appearance of an extra copy of the cystathio-

nine-beta-synthase (CBS) gene129 causes neural tube defects, at least partly due to inadequate levels of 

active folate (methylfolate),130 which is a source of methyl groups for methionine synthase. Angelman/

Prader-Willi, Rett, and fragile-X syndromes are also linked to methylation-related genetic origins.131,132 

Thus impaired methylation is a common coincident of neurodevelopmental disorders.
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Dysfunctional methylation from environmental (i.e., nongenetic) causes can arise either from 

exposures during gestation or during postnatal development or both.

Examples of gestational exposure include:

Alcohol exposure resulting in fetal alcohol syndrome, where consumption lowers glutathi-• 

one levels leading to impaired methylation.133

Methylmercury exposure from frequent consumption of white albacore tuna.• 134

Terbutaline administration to delay preterm labor crosses the placenta and can disrupt the • 

replication and differentiation of developing neurons.135,136

Corn contaminated with a mycotoxin, fumonisin, can cause neural tube defects by interfering with • 

methylation.137 Fumonisins have been shown to inhibit the biosynthesis of sphingolipids,138 

which interferes with the uptake of 5-methyltetrahydrofolate and decreases total folate 

binding.139

Postnatal xenotoxin exposure may play an important role in the current “autism epidemic,” although 

the offending agent(s) remains to be identifi ed. This is particularly true in cases of regressive autism, 

where a shift in cellular metabolism can result in a loss of previously acquired abilities. Of further 

concern is the fact that epigenetic effects (i.e., changes in methylation patterns) can be passed across 

generations, allowing environmental exposures to exert cumulative ramifi cations.140

Concern has been raised over childhood vaccinations being a cause of autism. The connection of 

autism to vaccination remains to be elucidated, but a review of the vaccine schedule often reveals 

that vaccinations are often given too soon and/or too many vaccinations are given at one time. Most 

frequently the MMR vaccination is given at 1 year of age, rather than the suggested 15 to 18 months, 

and it is often combined with up to six other vaccines on the same day.

Vaccinations should never be given at the time of illness, which is often the case when the chart 

notes from the pediatrician’s offi ce are matched to the vaccination schedule. Previously, acetamino-

phen was often suggested to be given to children before and/or after vaccination at a time when 

vaccine contained thimerosal, a mercury preservative. Acetaminophen can lower glutathione levels 

in the blood; thus the exposure to mercury in combination with reduction in the amount of available 

glutathione may have made the child more susceptible to mercury toxicity, since glutathione can 

chelate mercury safely from the body.

To address the aftermath of heavy metal toxicity, glutathione cannot be used orally (or topically) 

as it breaks down into individual amino acids, one of which is excitatory glutamate. Glutathione 

can be infused into the bloodstream but it will not pass through the cell membrane or blood-brain 

barrier unless it is given with phosphatidylcholine, in the form of Lipostabil.

During cognitive activity, networks of neurons fi re synchronously in specifi c frequency ranges 

(e.g., theta, alpha, beta, and gamma), and neurotransmitters such as dopamine are responsible for 

modulating shifts in frequency during attention and awareness. In autism, the ability to synchronize 

brain activity is impaired, in association with defi cits in attention and awareness. Among dopamine 

receptors, as well as among all receptors, only the D4 receptor subtype is capable of carrying out 

methylation of membrane phospholipids in response to dopamine, and D4 receptors are involved in 

synchronization of neuronal activity in the gamma frequency range (30 to 80 Hz).141 Since gamma 

activity is reduced in autism, this has led to the proposal that dopamine-stimulated phospholipid 

methylation (PLM) may be impaired in autism.142,143

Dopamine stimulation of D4 receptors activates a cycle of methylation that is supported by methyl-

folate, as provided by the vitamin B12–dependent enzyme methionine synthase. Vitamin B12 (coba-

lamin) receives the folate-derived methyl group and transfers it to a homocysteine in the receptor, 

in a manner parallel to folate-dependent methylation of free homocysteine. While it awaits the next 

methyl group, cobalamin is vulnerable to oxidation, depending upon cellular redox status, which 

temporarily halts activity until the cobalamin is either reduced or replaced with methylcobalamin. 
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Methylcobalamin synthesis requires glutathione, so methionine synthase activity functions as a sensor 

of cellular redox status and cellular glutathione status. Methionine synthase in neuronal cells is com-

pletely dependent upon methylcobalamin for reactivation, which may underlie the therapeutic benefi t 

of methylcobalamin treatment in autism.

Supporting disturbed methylation pathways with targeted nutrient support is paramount to 

improving the condition of the child with autism. To verify that there may be a disturbance in meth-

ylation, national laboratories now offer testing of methylene tetrahydrofolate reductase (MTHFR) 

for polymorphism on A1298C and C677T. If there is an abnormality, then supportive supplemen-

tation would include ribofl avin (vitamin B2), folinic acid (or Leucovorin), tetrahydrobiopterin,144 

pyridoxine (vitamin B6), and methylcobalamin (administered by subcutaneous injection).

The pathophysiology of autism is intimately related to a metabolic disturbance, probably induced 

by exposure to one or more xenotoxins. The resulting shifts in sulfur metabolism decrease the 

capacity for methylation, with adverse consequences for gene expression during development, and 

for dopamine-dependent neuronal synchronization during attention.

IV. PATIENT EVALUATION

Physical examination of a patient with ASD can be quite a challenge for the practitioner since chil-

dren often have acute tactile defensiveness and sensory processing and integration problems, along 

with hyper- and/or hypoactivity. To a child with autism, a fi rm grasp or a gentle touch could be per-

ceived as painful; therefore, ask the parents if the child likes rough play and deep pressure or prefers 

a gentle touch. Further, sensitivities to loud noises, smells, and lighting may also be a challenge for 

ASD patients. Review of the history in advance of the patient visit may be particularly helpful as can 

inviting families to bring a patient’s favorite toy or activity to reduce anxiety.

PATIENT HISTORY FOR ASD

A complete medical history along with a comprehensive physical examination is critical to address 

the vast differences, and hence the variable needs of patients diagnosed with ASD. There is no lab 

test or x-ray to confi rm the diagnosis of ASD. The diagnosis is based on clinical judgment regarding 

observations of the individual’s behavior, as well as information from family members and other 

observers. The primary care physician may, however, order tests to rule out other conditions that 

might be confused with ASD, such as mental retardation, deafness, metabolic, or genetic diseases. 

A comprehensive evaluation of a child with ASD might include a complete medical and family 

history, physical exam, formal audiology evaluation, vision exam, and diagnostic tests. Complete 

medical records should be obtained on the patient along with a detailed history of development, 

and detailed toxic, nutritional, and medical history. The health professional should ask about the 

mother’s pregnancy, the child’s development, aspects of eating, vaccine reactions, and recurrent 

illness. Referral may be necessary for adequate evaluation of the child’s social communication, 

communication skills, motor skills, play skills, interests and behaviors, past and present therapies, 

and family history.

PHYSICAL EXAMINATION FOR ASD

Table 23.3 presents the signs and symptoms commonly seen in ASD, which have possible underly-

ing biochemical and nutritional defi ciencies.

Since the pathophysiology suggests that exposure to toxins can precipitate ASD in vulnerable 

individuals, screening for potential toxin exposures is important especially if the exposure is ongo-

ing or its sequaele are treatable. See Table 23.4 for a screening questionnaire that can guide further 

evaluation and diagnostic testing.
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TABLE 23.3
Physical Exam Manifestations of Metabolic Imbalance
Physical Exam Finding Potential Cause

Failure to thrive, low percentile measurements 

in weight and height 

Methylation defect, poor diet, poor absorption, infectious etiologies, 

infl ammatory bowel disorders, autoimmune disorders, metabolic 

diseases, and genetic disorders. 

Tender scalp—pulling of the child’s hair elicits 

screams of pain 

May need vitamin D. 

Flaky dandruff; dry straw-like hair May be due to too much refi ned sugar, essential fatty acid defi ciency; 

also is best treated with a balance of essential fats and may be 

related to dehydration (most children do not drink enough water).

Cracked skin behind the ears Usually more zinc is needed, along with essential fatty acids.

Dilated pupils Salicylate sensitivity (not only aspirin but artifi cial colors and 

fl avorings), mercury toxicity or neurotransmitter imbalance. 

Dark circles under the eyes/horizontal creases 

in the lower eyelids (“allergic shiners”/ 

“Dennies lines”)

Allergies, poor circulation. 

Macrocephaly or microcephaly—some children 

with ASD develop macrocephaly

Some children with ASD develop macrocephaly by the age of 2. 

At later stages of development the rate of brain growth in the ASD 

child may be less than that of typically developing children.

Hard or excessive ear wax May indicate the need of essential fatty acids. 

Poor eye contact Many children with autism have poor eye contact, which is related 

to poor membrane integrity and disturbed methylation.

Hyperkeratosis pilaris (“white bumps”) on the 

backs of the upper arms and front of 

the thighs

Vitamin A defi ciency or hypothyroidism (which leads to inability 

to convert beta-carotene to vitamin A). 

Yellow cast to the skin on the palms of hands, 

soles of feet, around the mouth and nose or 

the entire face

May be from consuming too many orange vegetables (carrots), 

impaired hepatic function, or low functioning thyroid. Hypothyroid is 

also seen with dry skin, dry hair, brittle nails, low body temperature. 

White spots, ridged, brittle nails Minerals are low, especially zinc. 

Eczema, dry skin Essential fatty acid defi ciency (usually ω-6 in evening primrose oil), 

atopic allergies, digestive impairment involving the gall bladder, or 

hepatic dysfunction. Balanced essential fatty acids, digestive 

support, and zinc are supportive.

Aphthous ulcer “canker sore” Food allergies, defi ciency of niacin (B3). 

Cracked corners of the mouth Ribofl avin (B2) defi ciency. 

Geographic tongue Folinic acid, methylcobalamin, and zinc. 

Red cheeks and ears Allergies, magnesium defi ciency, sulfation defect.

Tan stool Gall bladder problem (not releasing bile).

Constipation, diarrhea, poorly formed stools, 

pellet-type stools, foul odor to the stool, 

bulky stools, grainy stools

All relate to dysbiosis, poor digestion, food intolerance, allergies, 

and poor diet and respond to an organic, pure diet with the removal 

of common food allergens (wheat, milk), increased fi ber (ground 

fl axseed, raw crunchy vegetables), probiotics, magnesium 

carbonate, enzymes (protease, lipase, amylase), bile salts.

Red ring around the anus Infection, dysbiosis. 

Excessive thirst Essential fatty acid defi ciency. 

Light sensitivity Magnesium defi ciency. 

Sleep disturbances Defi ciencies in folinic acid, magnesium, potassium, ribofl avin (B2), 

niacinamide (B3). 

Irritability Defi ciencies of essential fatty acids, folinic acid, magnesium, 

methylcobalamin B12, magnesium, manganese, electrolyte 

imbalance, and elevated phosphorus levels.

Abdominal distention Digestive impairment, food allergies (usually gluten).
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TESTING

In addition to nitrogen markers, electrolyte panel, liver enzymes, total creatine kinase, and a com-

plete blood count (Table 23.5), specialty diagnostic tests can guide individualized dietary interven-

tion (Table 23.6).

V. TREATMENT

Intervention with children and adults with ASD is quite complicated since these patients are acutely 

sensitive to medication, nutrients, and even foods that are introduced. Authors Kane and Cartaxo 

have each seen patients clinically with ASD for more than 25 years and have learned that slow 

introduction of simple changes yields the best outcome in regard to compliance and positive patient 

outcomes. Treatment should be oriented to an evidence-based approach with targeted nutritional 

intervention that meets the needs of the individual patient.

MEDICATION

No drug is specifi c in treating the core symptoms of ASD, but medication may serve as an adjunc-

tive therapy for aberrant symptoms, such as self-destructive behavior. Generally, medications 

TABLE 23.4
Screening Questionnaire for Toxic Exposure

History of travel outside the country.• 

Vaccine reactions, list of dates vaccines were given, any vaccines for travel.• 

Toxic mold exposure, age of home, leaks or fl oods causing mold.• 

Corn consumption (possible fumonisin exposure, which is a toxic mold that can impair methylation).• 

Tylenol exposure.• 

Aspartame intake, diet soda.• 

Surgeries requiring anesthesia.• 

Hospitalizations.• 

History of all infections, including ear infections.• 

List of all past and present medications.• 

Head trauma from falls or car accidents.• 

Pesticide exposure: Are pesticides sprayed in the home or yard, does patient live near a golf course • 

or farmland or vineyards where there is aerial spraying?

Fish intake such as tuna, especially large predator fi sh like swordfi sh or shark.• 

Chemical or solvent exposure from parents’ work on autos, artwork, or photo processing.• 

Home renovation in an old or moldy home.• 

Heavy metal exposure from lead and mercury in old homes.• 

Well water exposure may be a source of heavy metals including copper.• 

Tick bite history, bull’s eye rash, joint pain, light sensitivity, mosquito, spider, or other insect bites that • 

became infected.

Pets with illnesses such as parvo, lyme, and parasites.• 

Electrical low frequency exposure from high tension wires near home or school.• 

Wild game consumption such as venison and wild boar.• 

Chewing on toys with lead paint or inappropriate objects such as batteries, pencils.• 

Firearms used on a shooting range are an antimony exposure.• 

Sleeping garments with fl ame retardant used can be an antimony exposure.• 

Sensitivity to perfume or chemicals suggests a sulfation defi cit.• 
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TABLE 23.5
Chemistry Panel and Blood Count Findings Can Help Direct Treatment
Lab Result Clinical Signifi cance Potential Treatment

Acidosis Elevated CO2 Support with magnesium carbonate.

Hyperammonemia Elevated BUN Clear with butyrate and PC.

Immune incompetence High or low globulin, WBC, 

neutrophils, lymphocytes

Support with balanced EFAs trace minerals, 

especially zinc.

Hepatic toxicity High bilirubin, high BUN, high liver 

enzymes

Clear with butyrate and PC.

Electrolyte imbalance High or low Na, K, Cl, P, CO2, Ca Add oral balanced electrolyte solution.

Renal insuffi ciency Elevation of creatinine, BUN,

 potassium

Clear with butyrate and PC.

Low protein intake Low albumin Increase protein intake.

Dehydration High sodium, high albumin Encourage more fl uids.

Anemia Low hemoglobin, high RDW Support with folinic acid, methylcobalamin.

GI infl ammation High monocytes Support with probiotics, organic food; remove 

possible food allergens such as wheat or milk.

Poor membrane 

integrity

Low cholesterol, high potassium Support with EFAs, egg yolk, phosphatidylcholine-PC, 

balanced electrolyte solution.

Blood sugar 

problems

High or low glucose, high triglycerides If the triglycerides are high it is a clear depiction 

of a diet that is too high in carbohydrate; 

carbohydrates must be reduced and balanced in 

the diet with more protein and EFAs. Many children 

have low blood glucose, which is an indication 

that they are defi cient in trace minerals and that 

they need to eat frequently.

TABLE 23.6
Additional Diagnostic Tests To Guide Treatment in Patients With ASD

Red Cell Fatty Acids*
Analysis of red cell fatty acids depicts 4 to 6 months of cellular metabolism, myelination status (DMAs as dimethyl 

acetyls), cellular stability, hepatic and brain function (if compromised there will be an elevation of VLCFAs). 

An individualized clinical treatment intervention of balanced fatty acids and coenzymes is included with the 

analysis according to the evidence-based medical literature.

Urinary Organic and Amino Acids**
5-Hydroxyindoleacetic acid (5-HIAA), uracil, orotic acid, oxalic acid

Investigation into inborn errors in metabolism with detailed analysis of organic and amino acids may give insight into 

the etiology of the patient’s ASD. If abnormalities are identifi ed, coenzymes as vitamins and minerals may be given 

to stimulate suppression of particular enzymes.

Urinary Neurotransmitters*** 
Glutamate, aspartic acid, serotonin, epinephrine, norepinephrine, dopamine, 5-HIAA (5-hydroxyindoleacetic acid), 

DOPAC (3, 4 dihydroxyphenylacetic acid), and future testing for phenylethanolamine octopamine, synephrine.

Obtaining urinary neurotransmitters may refl ect the balance of neurotransmitters and be indicative of states of 

excitation and impaired methylation if norepinephrine is elevated and epinephrine is decreased. The administration of IV 

and oral lipid therapy often balances urinary neurotransmitters, but in some cases oral amino acids or natural foods may 

be utilized if there is severe depletion of an individual neurotransmitter. If serotonin was grossly depleted, for example, 

the patient may be given 5-hydroxytryptophan or encouraged to consume turkey frequently. Elevations of false 

neurotransmitters such as DOPAC (from dopamine) and 5-HIAA (from serotonin) are depiction of posthepatic 

encephalopathy, involving viral infection.
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TABLE 23.6 (continued)

Serum Hormones**** 
DHEA, IGF-1 (growth hormone marker), pregnenolone, ACTH, cortisol, alpha melanocyte stimulating hormone, thyroid 

panel- T3, T4, TSH, testosterone or estrogen panel (E1, E2, E3)

Energy metabolism, neurohormone levels (pregnenolone), hormone balance, and the ability to beta oxidize VLCFAs 

may be indicated by expanded hormonal testing. Low levels of IGF-1 may serve as a marker for suppression of 

methionine synthase. Many patients with neurotoxicity present with suppression of serum hormones. As the patient 

receives oral and IV phosphatidylcholine and balanced EFAs, hormonal balance is often naturally reestablished.

Toxic Screen**** 
Urinary porphyrins, beta-2-microglobulin, cholinesterase panel (plasma, RBC, serum), viral antibodies (Parvo 19, West 

Nile, HHV6, CMV, EBV, herpes simplex, hepatitis panel), CD26 or also termed Dipeptidyl Peptidase IV (DPP-IV), 

Anti-DNase B Strep antibodies, Anti-streptolysin, Lyme Western Blot IgG and IgM, Bartonella henselae PCR, 

Apolipoprotien A-1, B, and E.

Patients with ASD often present with chronic microbial infections. If the history indicates exposure to pesticides 

and other fat-soluble chemical toxins, a cholinesterase panel may refl ect this exposure by a decrease in the enzyme 

level while exposure to heavy metals may be refl ected in urinary porphyrins and beta-2-microglobulin, suppression of 

CD26 is linked to hepatic toxicity while an increase in CD26 may be indicative of exposure to pesticides or diabetes, 

elevations on Strep biomarkers may reveal Pediatric Autoimune Neuropsychiatric Disorders Associated with 

Streptococcal infections (PANDAS), a low level of Apolipoprotein B which is the main protein component of LDL 

and has been connected to ASD by the MIND Institute, Apolipoprotein A-1 which is the main protein component 

of HDL, and Apolipoprotein E genotype, which is a marker for mercury toxicity.

Immune and Infl ammatory Markers**** 
Lipoprotein(a), C-Reactive Protein, IgM, IgA, IgE, IgG + subclasses, T-cells and T-cell subsets, Erythropoietin, 

Lipoprotein-associated Phospholipase A2, C3a, C2, C3, C4, Auto-antibodies for Myelin Basic protein, Neuronal Filament 

protein, Brain-Derived Neurotrophic Factor & Thyroid, Blood type, Gliadin and Casein antibodies IgG & IgA, urinary 

8-hydroxy-2-deoxyguanosine, LDL, Beta-casomorphin, gliadinomorphin.

Evaluation of immune function by checking Lipoprotein (a) and C-Reactive protein for infl ammation, immune 

status by testing Total IgM, IgA, IgE, IgG + subclasses, T-cells and T-cell subsets, C3a, C2, C3, C4, autoantibodies 

for myelin basic protein, neuronal fi lament protein, brain-derived neurotrophic factor and thyroid, check free radical 

status by checking LDL but for an additional test if needed urinary 8-Hydroxy-2-deoxyguanosine, blood type as most 

ASD individuals are A+ as it was the last blood type to evolve and individuals with this type have the most sensitive 

immune systems, gluten and casein sensitivity with Gliadin and Casein antibodies IgG & IgA, Beta-casomorphin, 

gliadinomorphin and membrane stability status with lipoprotein-associated PLA2 whereby an increase of PLA2 acts 

as a lipid scissors and aggressively deteriorates the membrane; elevation of PLA2 occurs with exposure to 

neurotoxins. Erythropoietin refl ects rejuvenation capacity.

Gene Nutrient Interactions-MTHFR (A1298C, C677T) and HLA-DR B1****
Screening for the two currently known genetic polymorphisms of methylene tetrahydrofolate reductase 

(A1298C and C677T) can reveal a potential gene-nutrient interaction. Presence of either or both of these polymorphisms 

suggests an inherited impairment of detoxifi cation, neurotransmitters, growth, cognitive and cellular function. 

Polymorphisms may be addressed with oral nutrients as methylcobalamin, folinic acid or Leucovorin Rx, 

tetrahydrobiopterin, and ribofl avin. Testing specifi c alleles of the human leukocyte antigen (HLA) system, the 

DR4 allele, which is linked to autoimmune disorders, occurs most often in ASD children and their mothers. The 

fetus with DR4 allele may have increased immune reactivity due to the mother’s exposure to toxins, which could 

create an increased susceptibility to forming autoantibody or cytokines that crossreact with antigens in the fetal brain. 

If the DR4 is positive, support can be given with balanced essential fatty acids, phenylbutyrate and phosphatidylcholine 

for detoxifi cation and stabilization of immune function.

* Lab kits may be obtained from Body Bio for the Kennedy Krieger Institute Peroxisomal Diseases Laboratory and biomedi-

cal interpretation for individualized metabolic modeling.

** Saint Louis University Metabolic Screening Laboratory under the direction of Dr. James Shoemaker in St. Louis, MO.

*** Neuroscience Laboratory in Osceola, WI, offers a wide array of urinary neurotransmitters.

**** National laboratories such as Quest and LabCorp now have availability of the above suggested lab tests.

TAF-67621-08-0801-C023.indd   383TAF-67621-08-0801-C023.indd   383 12/19/08   7:37:41 PM12/19/08   7:37:41 PM



384 Food and Nutrients in Disease Management

administered in ASD are aimed at treating comorbid behaviors and problematic symptoms such 

as anxiety, insomnia, seizures, obsessive compulsive behaviors, short attention span, hyperactiv-

ity, repetitive or perseverative behaviors, psychoses, rage, and self-injurious behaviors. Commonly 

prescribed in patients with ASD are antipsychotic drugs, antidepressants, stimulants, and anticon-

vulsants. Therefore, medications that are used are individualized and directed to specifi c symptoms 

superimposed upon, or comorbid with, autism, and are not directed at the autistic process per se.

Few of these drugs have been tested in scientifi c studies in individuals with ASD and many of 

these medications have signifi cant side effects. These medications should only be prescribed by 

a medical professional experienced in treating patients with ASD who have severely aggressive 

behavior toward themselves and/or others. Close monitoring, attention to interactions with other 

medications, nutrients, and foods, short- and long-term effects, and especially the use of pediatric 

dosages, are only some of the issues to be concerned about.

Current treatment approaches to modify neuroimmune response are nonspecifi c and may evoke 

more potential problems than benefi ts. The use of steroids, intravenous immunoglobulin,145 and 

cytotoxic drugs may complicate and possibly exacerbate neuroinfl ammtory response as these medi-

cations act mostly in cellular and humoral responses that are part of the adaptive or innate immune 

responses, which are not targeted to modify neuroglial activation and neuroinfl ammation in ASD.

APPROACHES TO AVOID

First and foremost, do no harm. Approaches to avoid include:

Detoxifi cation with intravenous use of EDTA is well documented in its use for adults with • 

cardiovascular disease in a 3 hour drip; while in children with autism someone changed 

the EDTA drip to 30 minutes. The use of intravenous EDTA in this fast drip technique can 

cause kidney damage and in one documented case led to cardiac arrest (after administra-

tion of Na EDTA).

Detoxifi cation of heavy metals with DMPS, EDTA, or DMSA (oral) such as lead from • 

paint on toys made in China or frequent consumption of white albacore tuna cannot remove 

heavy metals from inside the cell or the brain since they are bound to the peptide metal-

lothionien in the cell membrane.

The use of excessive amounts of fi sh oil can cause gross imbalance of the EFAs; some chil-• 

dren have been prescribed 6 tablespoons of cod liver oil, which contains a gross overdose 

of vitamin A. Overdosing vitamin A, a fat-soluble vitamin, can cause increased intracra-

nial pressure, among other side effects.

Restrictive diets can lead to severe malnutrition.• 

The use of hyperbaric oxygen (HBO) beta oxidizes or burns off VLCFAs, yet initial expo-• 

sure for about 1 month can be positive in some instances. Unfortunately, all the fatty acids, 

including the EFAs, are burned off at the same time and there can be destabilization of the 

cell membranes, which has led to stroke and seizure activity with the use of HBO unless 

treatment is under the direction of a qualifi ed physician, preferably a neurologist.

The prolonged use of high-dose, potent antibiotic therapy such as IV or IM Rocephin and • 

other antibiotics has been used for “Lyme” disease without acquiring abnormal, acute (IgM+), 

or other lab results. This places the patient at risk for suppressed immunocompetence and 

further complications of ASD.

NUTRIENT INTERVENTION

Research and clinical application have shown promise that specifi c nutrients, especially fatty acids, 

targeted to the individual disturbances in biochemistry, may play a key role in the treatment and man-

agement of ASD. A general approach to nutrient supplementation in ASD is presented in Table 23.7. 
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The introduction of supplementation should begin with nutrients that are easy for the patient to take; 

therefore, they must not have much taste, and must be mixable into foods that are enjoyed.

After the basic nutrients have been introduced for a few weeks, nutrients can be added that 

have been targeted to abnormal test results. For example, if the MTHFR comes back positive for 

polymorphisms then IM injections of methylcobalamin and oral pyridoxine and ribofl avin could 

be administered. Children with ASD cannot handle B complex supplements due to the choline, 

cyanocobalamin, and folic acid that interrupt methylation. Phosphatidylcholine will replace choline, 

folinic acid can replace folic acid, and methylcobalamin injections will replace cyanocobalamin. 

B complex formulas that many children with ASD do tolerate are available without choline, folic 

acid, and cyanocobalamin. If a child cannot swallow capsules, parents can mix a tiny amount of 

the B vitamins into a small amount of juice and administer in an oral syringe. Other nutritional 

supplements are added upon completion of test results. Tables 23.5 and 23.6 review diagnostic tests 

and results that could guide nutrient therapy for individual patients. Additionally if the screen for 

toxic exposure identifi es a likely exposure, nutrient interventions specifi c to that exposure would be 

important to address.

DIETARY MODIFICATION

The child’s diet needs to consist of simple foods made from scratch, organic whenever possible. Not 

every parent is ready to make the change to a natural food type diet and in this case it will be neces-

sary to take small steps. The general concept for the change in diet is that it should be shifted to a 

high fat and oil and high protein diet. If oils and fats are increased in the diet, the child has satiety 

and stops craving sweet, empty “fi ller foods.”

The Membrane Stabilizing Protocol Diet42 was created by Kane for stabilization of cellular func-

tion by balancing EFAs with targeted oral lipids after red cell analysis along with a restriction of 

carbohydrates. See Chapter 24, “Seizures,” Table 24.1.

Most children dislike green vegetables. It is not a good idea ever to force a child to eat anything, 

but to introduce new foods slowly and to “run out” of particularly detrimental foods, such as those 

that are processed and highly sugared. The parents can remove all trans fats from the cupboards and 

refrigerator as soon as they arrive home from their visit to your clinic. Protein foods can be encour-

aged and balanced oil, evening primrose oil, and butter can be mixed into foods. Power drinks can 

be made with nut milk, eggs or egg protein powder, electrolyte, balanced 4:1 oil, and unsweetened 

cocoa powder, using stevia or glycerin to sweeten. The most diffi cult foods to remove are bread and 

pasta. Rice bread and rice pasta can be the fi rst step away from gluten-based food.

TABLE 23.7
Nutrients Recommended for Treatment of ASD
Nutrients Dosage Administration

Balanced 4:1 ω-6 to ω-3 oil 1 to 2 tablespoons bid Add to food

Evening primrose oil 1 to 2 tablespoons bid Add to food

Phosphatidylcholine 1 to 2 tablespoons bid Dilute with water and fl avoring

Liquid trace minerals with 

ascorbic acid 

1⁄4 ounce liquid mineral solution, 

add 1⁄8 teaspoon of ascorbic acid

Mix in diluted fresh juice

Electrolyte formula 1 tablespoon tid Mix in foods normally salted

Magnesium carbonate or citrate 200 mg qd Add to food

Folinic acid or Rx Leucovorin 5 mg qd Add to food, no taste

Phenylbutyrate Rx 1 teaspoon to 1 tablespoon bid Can be obtained as a liquid with fl avoring 

added
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Encourage the parents to make slow but deliberate changes. Laugh with them about how hard 

it is to avoid donuts and candy even in their own diet. Help them fi nd acceptable substitutes for 

favorite foods.42

GASTROINTESTINAL SUPPORT

Patients with ASD often have impaired gastrointestinal health. Gershon146 describes the GI system, 

including the liver, pancreas, and gall bladder, as the “Second Brain,” with more serotonin produced 

in the GI tract then in the mainframe brain. Care should be taken to optimize the function of the 

GI system as it is responsible for the digestion of foods, absorption of nutrients, and prevention of 

toxic agents from reaching the circulation. GI health is often severely impaired with disturbed gut 

pathology in patients with ASD. The most important objective is to heal the GI tract and restore 

the integrity of the gut wall. A large part of the body’s immune system develops and resides in the 

gastrointestinal tract and it functions as the fi rst line of defense in neutralizing infectious microbes 

and toxic agents, thereby providing a natural resistance to these harmful agents.

The fi rst step is to eliminate foods that are highly allergic for that individual, and to avoid foods 

containing simple sugars, artifi cial sweeteners, and additives.

Start simply by replacing these harmful foods with organic foods, wholesome proteins, healthy 

fats, and increased fi ber. Many positive anecdotal reports are from parents who implemented a 

gluten-free and casein-free diet in their children with autism. More recently, there have been favor-

able reports on various other diets, such as the Specifi c Carbohydrate Diet, a diet that eliminates all 

starch, processed sugars, and complex carbohydrates. The Membrane Stabilizing Protocol Diet42 is 

the easiest to follow and the most nourishing as it includes a wide array of recipes for cakes, pies, 

cookies, and muffi ns that are made from egg protein powder, glycerin or stevia, and ground nuts and 

seeds, instead of regular fl our and sugar.

Probiotics, digestive enzymes, bile salts, magnesium carbonate, and ground fl axseed are sup-

portive interventions for individuals with ASD who need digestive support.

INTRAVENOUS THERAPY FOR NEUROLOGICAL MEMBRANE 
STABILIZATION AND DETOXIFICATION

The Membrane Stabilizing IV Protocol42 may be administered with weekly and biweekly infusions 

as detailed in Chapter 24, “Seizures.”

VI. SUMMARY

Although ASD presents us with an extremely complicated medical condition due to its systemic 

nature, it also offers us a unique opportunity to approach illness from a membrane perspective.

ASD prevalence is increasing, yet traditional approaches have failed to uncover effective • 

solutions.

ASD is now being approached from the new model of a systemic disorder that can be • 

treated with individualized nutritional intervention.

There exists the possibility of recovery from ASD with evidence-based, nutritional • 

intervention.

Supplementation with balanced EFAs as Yehuda’s 4:1 ratio of • ω-6 to ω-3 oil and phosphati-

dylcholine is supportive to cell membrane integrity.

Catalysts supportive to methylation and cellular metabolism are crucial adjuncts to addressing • 

disturbed neurochemistry in ASD presentations and include folinic acid, methylcobalamin, 

tetrahydrobiopterin, ribofl avin, pyridoxine, and trace minerals.
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Appropriate testing can identify the impaired metabolic, immune, hepatic, toxic, and gas-• 

trointestinal diffi culties that are present and that require nutritional support. Some indi-

viduals with ASD have impaired detoxifi cation pathways and need intravenous support for 

alteration of sulfation and methylation pathways using infusions of phosphatidylcholine, 

folinic acid, glutathione, and phenylbutyrate.

Caution should be used to apply clinical therapies that are safe and effective using natural • 

interventions due to the acute sensitivities in individuals with ASD.

The diet should be changed to a nutrient-dense, organic, high-protein, high-EFA diet called • 

the Membrane Stabilizing Diet.
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24 Seizures

Balancing Fatty Acids in the 
Diet to Stabilize Brain Activity

Patricia C. Kane, Ph.D., and Annette L. Cartaxo, M.D.

I. INTRODUCTION

Seizure activity involves deranged lipids, primarily disturbed phospholipid structures within the cell 

membrane. Stabilizing membrane function is paramount to seizure disorder management. A targeted 

nutritional clinical treatment plan can address the cellular disturbance, aberrant lipid accumulation, 

and imbalance of essential fatty acids (EFAs) that are linked to seizure activity. This chapter probes 

the biological basis of seizure presentations, and offers measurable analyses and therapies that may be 

applied in a clinical setting.

II. EPIDEMIOLOGY

Worldwide incidence of acute symptomatic seizures is 29–39 per 100,000 per year with predomi-

nance in males <12 months of age and >65 years.1 Seizures are a symptom of an underlying disorder 

that may be due to genetic, traumatic, metabolic, infectious, toxic, malignant, or pharmacologic fac-

tors. The most common causes of seizure onset are traumatic brain injury, cerebrovascular disease, 

drug withdrawal, infarction, and metabolic insult. Due to multiple underlying causes, any changes 

in disease prevalence from changes in food and diet patterns would be diffi cult to identify.

III. PATHOPHYSIOLOGY

DEFINITION

Seizures result from an abnormal and excessive discharge of a set of neurons in the brain impact-

ing neuronal activity. Sudden and transitory abnormal phenomena may include alterations of con-

sciousness, or motor, sensory, autonomic, or psychic events. Sensory manifestations may include 

somatosensory, auditory, visual, olfactory, gustatory, and vestibular senses, perceptual distortions, 

or psychic manifestations. Seizure presentation depends on the location of onset in the brain, pat-

terns of propagation, maturity of the brain, environmental exposures, disease processes, sleep-wake 

cycle, medication, nutritional content of the diet, balance of EFAs, and cellular function. The impact 

of seizures may involve sensory, motor, and autonomic function; consciousness; emotional state; 

memory; cognition; and behavior.
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FOOD AND NUTRIENT-RELATED ETIOLOGIES

Food has diverse roles in seizure pathology and management. Thus investigation as to the cause 

of a seizure presentation requires consideration of environmental exposures such as those with a 

foodborne origin:

Food contamination can cause seizures, as is the case with neurocysticercosis. Cysticercosis • 

arises when humans instead of pigs become the aberrant host for the larval stage of the 

pork tapeworm. Cysticercosis is acquired from ingesting the eggs of the pork tapeworm, 

from fecal oral contamination. Cysticercosis is not acquired from eating pork, which can 

be an important distinction for religious and diagnostic criteria.

Dietary patterns emphasizing certain categories of food and nutrients can precipitate sei-• 

zures in those with genetic vulnerability. Adrenoleukodystrophy is an inherited metabolic 

aberration where high consumption of foods containing very long chain fatty acids such as 

peanut butter, canola oil, and mustard exacerbate the expression of the disorder.

Food can create a toxic insult in susceptible individuals, with excessive consumption of • 

aspartame in foods and liquids provoking excitation in the brain.

Frequent consumption of large body predator fi sh such as shark and swordfi sh or white alba-• 

core tuna can lead to methylmercury exposure. Methylmercury can suppress enzymes such as 

ornithine transcarbamylase and methionine synthase, which leads to liver impairment, hyper-

ammonemia, and poor methylation, all of which increase the risk of seizures.

Food and isolated nutrients can compensate for genetic susceptibility such as vulnerability 

toward seizures observed in methylene tetrahydrofolate reductase defi ciency (MTHFR), the most 

common inborn error of folate metabolism, presenting with neurological signs as developmental 

delay and seizures.2 Clinical testing is now widely available to isolate MTHFR polymorphisms. 

With MTHFR identifi ed, appropriate nutritional intervention may be applied to stabilize methyla-

tion, which is supported with the administration of methylcobalamin, folinic acid, tetrahydrobiop-

terin, and ribofl avin.

MEMBRANE PATHOPHYSIOLOGY

Bruce Lipton writes in his book The Biology of Belief  3 that the cell membrane, comprising 50% phos-

pholipid content, is paramount to the examination of healthy cellular function. Stabilization of cellular 

function is dependent not on the deoxyribonucleic acid but rather on the nourishment that the cell 

receives, and the avoidance of toxic insult such as chemicals, microbes, and heavy metals.

Disturbances in lipid metabolism play a pivotal role in seizure presentations. The membrane and 

organelles within the cell are the primary focus of electrical discharge within the central nervous 

system. The mitochondria have been a focal point for many researchers in brain function.

Another organelle, the peroxisome, plays a critical role in cellular lipid metabolism in the biosyn-

thesis of fatty acids via ß-oxidation and ultimately, stabilization of seizure activity. The peroxisome 

is a primary site of detoxifi cation within the cell. Peroxisomes are present in almost all cells, and 

they are most concentrated in liver and kidney cells. Clearance of neurotoxins may be compromised 

in states of suppressed peroxisomal ß-oxidation due to the interrelationship between the peroxisome 

and the cytochrome P450s. With exposure to a toxin the P450s are crucial for clearance of exog-

enous compounds,4 and for the biotransformation of endogenous compounds including fatty acids, 

steroids, prostaglandins, and leukotrienes.

PEROXISOMAL β-OXIDATION AND FATTY ACIDS

Peroxisomal disorders are characterized by an accumulation in tissue and body fl uids of renegade fatty 

acids: saturated and mono-unsaturated very long chain fatty acids (VLCFAs), odd chain fatty acids, and 
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branched-chain (pristanic, phytanic) fatty acids. Renegade fatty acids are normally degraded within the 

peroxisome through a process known as ß-oxidation, but when peroxisomal function is impaired they 

accumulate in membrane structures throughout the body and can be measured most simply by analyz-

ing the membranes of red blood cells. VLCFAs constitute a minor part of overall fatty acid content in 

red cells, yet their accumulation is deleterious to the brain and CNS, as is demonstrated in peroxisomal 

disorders.5,6 Renegade fatty acids block detoxifi cation and methylation pathways and may be character-

istic of seizure disorders, autism, pervasive developmental delay, stroke, metabolic disorders involving 

the CNS, MS, ALS, Alzheimer’s, Parkinson’s disease, and states of neurotoxicity. Derangement of 

red cell lipids pertaining to suppression of peroxisomal ß-oxidation in children with autistic spectrum 

disorder and seizure disorders was discovered and presented at medical conferences in 1995,7 but the 

hypothesis was not published until 1997.8

Inherited peroxisomal disorders, such as X-linked adrenoleukodystrophy (X-ALD), have been 

hallmarked by the research of Hugo and Ann Moser.9 X-ALD has a typical clinical onset of 2.75 to 

10 years of age, presenting with behavioral disturbances, poor school performance, diffi culty under-

standing speech, attention defi cit, hyperactivity, deterioration of vision (visual fi eld cuts), impaired 

auditory discrimination, fatigue, anorexia, alternating diarrhea and constipation, abdominal pain, 

and vomiting. X-ALD is a neuroinfl ammatory, demyelinating disease. The course of some forms of 

X-ALD is relentlessly progressive. The biomarkers for ALD are most notably an accumulation of 

C24:0 (Carbon 24:0) and C26:0 (Carbon 26:0) in plasma and tissues. The ultimate result of disorders 

of peroxisomal ß-oxidation is most notably the accumulation of VLCFAs.10 Suppressed ß-oxidation, 

revealed by a buildup of renegade VLCFAs in red cells, may be indicative of toxic exposure. These 

renegade VLCFAs serve as a substrate in the formation of ceramides, and have been established to be 

deleterious to the brain and CNS. It is possible that seizure disorders, autism, pervasive developmental 

delay, and adult neurological syndromes may mimic pseudo-neonatal adrenoleukodystrophy,11 atypi-

cal ALD, asymptomatic ALD, and other variations of ALD, as peroxisomal disorders with enlarged 

peroxisomes, suppressed peroxisomal ß-oxidation, and a compromised neurological system.

CLINICAL APPLICATIONS THAT ALTER PEROXISOMAL ACTIVITY

The liberal use of potent antioxidants is contraindicated in the presence of elevated VLCFAs, odd 

chain fatty acids, and branched chain fatty acids in red cells.12 Antioxidants are essential nutrients, 

but they slow cellular metabolism and must remain in the proper balance with all the essential nutri-

ents and substrates (EFAs) to maintain metabolic equilibrium. Inappropriate use (megadosing) of 

antioxidants, such as vitamin E, will inhibit ß-oxidation13 impacting the production of prostaglan-

dins (the synthesis of a prostaglandin is an oxidative event) and cellular metabolism.14

Steroids are suggested as an intervention for infants with infantile spasms, which may link to dis-

turbances in ß-oxidation of VLCFAs, as ALD disorders frequently have involvement with overt or 

subclinical adrenocortical insuffi ciency (Addison’s disease) along with seizure activity.15 Typically, 

low DHEA levels have been identifi ed in patients expressing clinical ALD symptoms,16 which paral-

lels an increase in serum VLCFAs. Oral administration of hormones such as pregnenolone, DHEA, 

or thyroid17 all stimulate peroxisomal proliferation via the ß-oxidation of renegade fatty acids as 

do nutrients (ribofl avin, manganese), oxidative therapies, starvation states, and diets that suppress 

phospholipase A2 as the Membrane Stabilizing Diet Protocol18 or the ketogenic diet.

Oral administration of hormones such as pregnenolone, DHEA, or thyroid17 all stimulate peroxi-

somal proliferation via the ß-oxidation of renegade fats, as do the B vitamin ribofl avin, the trace mineral 

manganese, and oxidative therapies. Diet and food also infl uence this process. For example, starvation 

states, the ketogenic diet, and the Membrane Stabilizing Diet Protocol (Table 24.1)18 suppress phospho-

lipase A2 thereby stimulating peroxisomal proliferation.

The limitation of aggressive stimulation of ß-oxidation, however, is that not only are VLCFAs 

ß-oxidized, but EFAs also are oxidized in the process and must be repleted and balanced. The 

introduction of oral and/or IV phenylbutyrate, along with phosphatidylcholine and the Membrane 
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Stabilizing Protocol18 for our patients with seizure disorders, serves to stabilize metabolic function 

without disruption of cellular phospholipid structure.19

SODIUM PHENYLBUTYRATE (PBA)

Sodium phenylbutyrate (PBA), a short 4-carbon chain fatty acid, has a long history of treatment for 

hyperammonemia and urea cycle disorders (ornithine transcarbamylase defi ciency) without adverse 

TABLE 24.1
The Membrane Stabilizing Diet
Foods permitted on the diet

Protein at each meal—organic meat, poultry, eggs, fi sh (wild salmon, sardines)• 

Organic raw seeds and nuts (may use in place of fl our)• 

Organic 4:1 omega 6/omega 3 rich oils/4–6 tablespoons daily• 

Free range, organic eggs• 

Organic butter, ghee, cream, sour cream, full fat organic yogurt or homemade kefi r• 

Organic 4:1 omega-6/omega-3 oil, grape seed oil mayonnaise, coconut butter (to fry foods), homemade salad • 

dressing, cold pressed/organic oils and dressing (no canola or peanut oil)

Soft organic cheeses—cottage, ricotta, sheep milk feta, mozzarella• 

Green/low carbohydrate vegetables—organic cucumber, chives, chard, caulifl ower, cabbage, sprouts, celery, • 

onion, leeks, zucchini, broccoli, asparagus, snow peas, bok choy, eggplant, green beans, kale, collard greens, 

Chinese cabbage, brussels sprouts

Green leafy vegetables—one or more servings daily (no spinach—contains high oxalates)• 

Salads daily—organic greens, sprouts, cucumber, celery, mache, cilantro/other fresh herbs, peppers, tomato, • 

avocado, homemade dressing of pure oils, vinegar (Eden Plum), lemon juice

Fresh herbs/spices, natural fl avoring to fl avor foods• 

Lemonade or limeade made with fresh lemon/lime with water • + dry stevia to sweeten drinks

Organic unsweetened berries/fresh whipped cream or organic yogurt with stevia to sweeten• 

Soy chips (taste like tortilla chips)• 

Tofu spaghetti or fettuccine (drain, rinse, boil on high 30 minutes)• 

Ice cream and low-carbohydrate desserts permitted from Patient Detoxx Book recipes• 18

Allowed but limited to one small serving of ONE of the following daily:

Starchy vegetables• —potatoes
Low-carbohydrate fruit—• berries, kiwi
Beans, legumes as•  refried beans, bean soup, bean dip

Must completely remove from the diet:

Grains—wheat, rice, oat, barley, millet, rye, corn—• no pasta, bread, crackers, fl our, cereal
Starchy vegetables• —no carrots, sweet potatoes, parsnips, beets
High-carbohydrate fruits• —no bananas, grapes, raisins
Fruit juice as•  bottled or canned fruit or fruit juice
No foods sweetened with glucose, dextrose, sucrose, corn syrup, honey, sugar• 

No processed (white fl our, white sugar) fast foods, no soft drinks• 

No diet drinks, aspartame, sorbitol, mannitol, Maltitol• 

No hydrogenated vegetable oil, margarine, processed oils• 

No canola oil (often in processed foods/dressing)• 

No peanut butter, peanuts, peanut oil• 

No mustard• 

No spinach (contain oxalates)—okay to eat chard, kale, collard, and mustard greens• 

No MSG (contained in commercial soups, dressing, bouillon)• 

No commercial mayonnaise or salad dressing• 

No corn chips, popcorn, or corn fl our• 
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effects. The hallmark of many seizure presentations is that of hyperammonemia, thus the introduc-

tion of oral or IV sodium phenylbutyrate will clear ammonia and may stabilize seizure activity. 

When ß-oxidation of renegade fatty acids is impaired, as is the case in neurological disorders, 

phenylbutyrate has been utilized19,20 in breaking apart VLCFAs and degrading lipid rafts or cer-

amides. In ALS models, phenylbutyrate addresses the formation of lipid rafts,21,22 suppresses neu-

roinfl ammation, has neuroprotective effects as a histone deacetylase inhibitor, prolongs survival, 

and regulates expression of anti-apoptotic genes. The use of sodium phenylbutyrate or calcium/

magnesium butyrate is of striking benefi t23 in lowering glutamate24 and aspartate,25 decreasing neu-

ronal excitability,26 sequestering ammonia,27,28 suppressing seizure activity,29 clearing biotoxins,18 

preventing cerebral ischemic injury,30 and has a neuroprotective effect.31

Phenylbutyrate and butyrate may play a pivotal role in the effi cacy of the ketogenic diet, which 

may be considered as a treatment for seizure disorders. Gilbert32 reported in 2000 that “seizure 

control correlates better with serum beta-hydroxybutyrate than with urine ketones.” Characteristic 

fi ndings in ornithine transcarbamylase defi ciency of increased blood ammonia levels leading to 

seizure activity and stroke is responsive to phenylbutyrate therapy. The etiology of the ketogenic 

diet may be that it offers increased availability of butyrate, which is anti-infl ammatory, stimulates 

peroxisomal function and the beta-oxidation of VLCFAs, and detoxifi es ammonia, which is directly 

linked to seizure activity. The Membrane Stabilizing Protocol,18 however, offers a sharper increase 

in availability of metabolic support by the oral and/or IV use of phenylbutyrate or butyrate than the 

ketogenic, low carbohydrate, or modifi ed Atkins diets.

CERAMIDES AND PHOSPHATIDYLCHOLINE (PC)

Cellular membranes are comprised of bilipid layers of opposing phospholipids that line up soldier 

fashion and organize themselves spherically to provide the protective outer layer of every cell and 

the organelles within the cell.13 In the mammalian plasma membrane the two choline-containing 

phospholipids, phosphatidylcholine (PC) and sphingomyelin, constitute more than 50% of the total 

phospholipid content of the membrane.33

VLCFAs can group together to form lipid rafts or ceramides in states of disease or following 

toxic exposure. The smaller head group of the ceramide, as well as the predominantly saturated fatty 

acids, encourages a tighter packing of the fatty acid chains in the membrane, creating the formation 

of solid micro-domains or ceramides.34 The geometry of the membrane is highly sensitive to the 

size of the lipid chains. The width of the fatty acid portion of the membrane is ~3 nm and ~4.5 nm 

including the head group,33 which must be maintained for stability. Saturated or monounsaturated 

fatty acids with a length of 16 or 18 carbons, and polyunsaturated fatty acids of 18 to 22 carbons, are 

preferred to permit the structure to maintain optimal horizontal fl uidity. VLCFAs, comprising lipid 

rafts or ceramides ranging from 20 to 30 or more carbons, force the parallel dimensions vertically or 

invade the opposing leafl et, thereby destabilizing the membrane. Ceramides can sensitize neurons 

to excitotoxic damage and thereby promote apoptosis.35 Accumulation of ceramides is associated 

with the death of motor neurons in amyotrophic lateral sclerosis,36 neurons in Alzheimer’s disease,37 

stroke, seizures, and autism.38,39

An increase in ceramide generation results in the subsequent loss of phosphatidylcholine (PC). 

Cui and Houweling, in their 2002 review on PC and cell death,40 discuss a variety of cellular disease 

states that perturb PC and lead to cell death. Toxicity and infections alter PC homeostasis in mam-

malian cells, which can progress to cell death. Cui and Houweling further state that in a majority of 

studies of PC perturbation, exogenous PC rescues cells from apoptosis.

PHOSPHOLIPASE A2 (PLA2)

In states of brain injury, hypoxia, and toxicity via biotoxins, chemicals, or heavy metals, there is a 

sharp elevation in phospholipase A2 (PLA2) activity.41 Increases in PLA2 activity result in premature 

TAF-67621-08-0801-C024.indd   399TAF-67621-08-0801-C024.indd   399 12/19/08   7:37:54 PM12/19/08   7:37:54 PM



400 Food and Nutrients in Disease Management

uncoupling of the EFAs from phospholipids in the cell membrane.42–44 At low concentrations PLA2s 

act on membrane phospholipids and are involved with intracellular membrane traffi cking, prolifera-

tion, differentiation, and apoptotic processes. At high concentrations, however, PLA2s are cytotoxic.45 

Severe neurodegeneration can occur in the brain44,46 if PLA2 activity is not controlled. Factors that 

infl uence PLA2 activity are listed in Table 24.2.

Mercury is one of the most potent stimulators of PLA2.41,47,48 Elevation of TNFα is also a major con-

tributor to the release of PLA2 and destabilization of the membrane lipids.49,50 Glucose-induced insulin 

secretion via high consumption of refi ned carbohydrates51,52 is a strong stimulator of PLA2 and must 

be restricted to control the wasting of EFAs released from the phospholipids. Of further concern is that 

excessive carbohydrate consumption, as is the case in the dietary intake for a majority of children, may 

lead to periods of hyperinsulinism, which may inhibit hepatic peroxisomal beta-oxidation.53

Potent inhibitors of PLA2,43 in states of overexpression, include intravenous glutathione,54 phosphati-

dylcholine,55 and limited carbohydrate consumption,51–53 thus the Membrane Stabilizing Protocol,18 or 

other restricted carbohydrate diet such as the ketogenic diet, is pivotal to controlling PLA2.

IV. PATIENT EVALUATION

Collection of pertinent blood specimens is necessary for analysis of blood chemistry, hematology, 

red cell membrane fatty acids, polymorphism of MTHFR, hormonal balance, creatine kinase, 

urinary organic acids, amino acids, and neurotransmitters. Complete medical records should be 

obtained on the patient along with a detailed history of development, and detailed toxic, nutritional, 

and medical history:

Screening questionnaires for toxic exposures, present diet, and detailed history• 

Physical exam with neurological emphasis• 

Comprehensive chemistry panel with complete blood count• 

Electrolyte panel• 

Nitrogen markers: blood urea nitrogen, creatinine, uric acid, albumin, ammonia• 

Hepatic assessment: liver enzymes including alkaline phosphatase, GGT, SGOT, SGPT, • 

and LDH

Total creatine kinase: elevation may suggest low phosphatidylcholine content in cell • 

membranes

TABLE 24.2
Factors That Infl uence Phospholipase A2 Activity
PLA2 Stimulators PLA2 Inhibitors
Insulin Reduction in carbohydrate intake

Pancreatic juice Phosphatidylcholine/PC

Mercury and heavy metal exposure IV Fast Push Glutathione

High carbohydrate intake Hyaluronic acid

Aspartic acid Lithium

Glutamic acid Glucocorticoids (and inhibits PG synthesis)

Biotoxins—bacteria, virus, dinofl ageliates,  Bilobalide/Ginkgo (stimulates glutamate)

fungi, parasites Niacin, nicotinic acid

Aspartame/Equal 

Hypoxia/brain injury

Infl ammatory fl uids—platelets, mast cells

Bee, cobra or snake venom

Heparin
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The following specialty diagnostic tests can guide individualized dietary intervention for patients:a

RED CELL FATTY ACIDS

Analysis of red cell fatty acids depict 4 to 6 months of cellular metabolism, myelination status, cel-

lular stability, hepatic and brain function. If compromised there will be an elevation of VLCFAs. 

An individualized clinical treatment intervention of balanced fatty acids and coenzymes is included 

with the analysis according to the evidence-based medical literature (see Figure. 24.1).

URINARY ORGANIC AND AMINO ACIDSb

Investigation into inborn errors in metabolism with detailed analysis of organic and amino acids 

may give insight into the etiology of the patient’s seizure disorder. If abnormalities are identifi ed, 

coenzymes as vitamins and minerals may be given to stimulate suppression of particular enzymes.

SERUM HORMONESc AS DHEA, IGF-1 (GROWTH HORMONE MARKER), PREGNENOLONE, ACTH, 
ALPHA MELANOCYTE STIMULATING HORMONE, THYROID PANEL- T3, T4, TSH, TESTOSTERONE OR 
ESTROGEN PANEL (E1, E2, E3)

Energy metabolism, neurohormone levels (pregnenolone), hormone balance, and the ability to beta-

oxidize VLCFAs may be indicated by expanded hormonal testing. Low levels of IGF-1 may serve 

as a marker for suppression of methionine synthase. Many patients with neurotoxicity present with 

suppression of serum hormones. As the patient receives oral and IV phosphatidylcholine and bal-

anced EFAs, hormonal balance is often naturally reestablished.

TOXIC SCREEN AS URINARY PORPHYRINS, BETA-2-MICROGLOBULIN, CHOLINESTERASE PANEL 
(PLASMA, RBC, SERUM), VIRAL ANTIBODIES (PARVO 19, WEST NILE, HHV6, CMV, EBV, 
HERPES SIMPLEX, HEPATITIS PANEL)

Patients with seizure disorders often present with chronic microbial infections, primarily viral in 

nature. If the history indicates exposure to pesticides and other fat-soluble chemical toxins, a cholin-

esterase panel may refl ect this exposure by a decrease in the enzyme level while exposure to heavy 

metals may be refl ected in urinary porphyrins and beta-2-microglobulin.

GENE NUTRIENT INTERACTIONS-MTHFR (A1298C, C677T)

Screening for the two currently known genetic polymorphisms of the methylene tetrahydrofolate 

reductase A1298C and C677T can reveal a potential gene-nutrient interaction. Presence of either or 

both of these polymorphisms suggests an inherited impairment of detoxifi cation, neurotransmitters, 

growth, cognitive, and cellular function. Polymorphisms may be addressed with oral nutrients as 

methylcobalamin, folinic acid or Leucovorin Rx, tetrahydrobiopterin, ribofl avin.

V. TREATMENT

MEDICATIONS

Anti-convulsant medication, the mainstay of treatment for seizure disorders, can have unpredict-

able therapeutic and toxic effects due to the pharmacodynamics of drug intervention. Response to 

a Lab kits may be obtained from Body Bio for the Kennedy Krieger Institute Peroxisomal Diseases Laboratory and bio-

medical interpretation for individualized metabolic modeling.
b Saint Louis University Metabolic Screening Laboratory under the direction of Dr. James Shoemaker in St. Louis, MO.
c National laboratories such as Quest and LabCorp now have availability of the above suggested lab tests.
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UNCONTROLLED EPILEPSY: Male Child

The % Status is the weighted deviation of the lab result and will show no graph when the research does not support negative values.

Red Cell Lipid Biomarkers

FIGURE 24.1 Red cell fatty acid laboratory results from a 12-year-old male with uncontrolled seizures. 

From © 1994-2008 BodyBio Inc. Patented, US Patents 5,746,204, 6,063,026, 6,277,070, 6,273,854. Other US 

& Foreign Patents Pending. All Rights Reserved.
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medication varies widely with seizure type and syndrome. Polytherapy (combination, adjunctive, 

or add-on therapy) is often required in 30% to 50% of patients who fail to respond to single drug 

therapy. For many patients with breakthrough seizures, pharmacologic therapy currently does not 

offer suffi cient control. Dietary intervention may be a viable consideration for those patients who 

fail to have stabilization with medication.

KETOGENIC DIET

The ketogenic diet, with or without adjunctive medication, is noted by Freeman56 to be “perhaps more 

effective than most of the newer medications” in addressing seizure disorders. The primary negative 

reason for not using the ketogenic diet is the complex initiation (hospitalization) and highly restrictive 

dietary requirements; however, modifi cation of the diet can eliminate these limitations.

Since the time of Hippocrates, fasting was considered an effective short-term treatment for sei-

zures. Starvation generates ketone bodies, which can be used as metabolic fuel instead of glucose. 

The ketogenic diet is a high-fat, low-carbohydrate, and low-protein diet that mimics starvation by 

generating ketone bodies. Used since the 1920s to treat patients with intractable epilepsy, the diet 

has proven effi cacy in controlling seizure activity. There are several types of ketogenic diets. The 

most frequently utilized is the Johns Hopkins traditional diet described by Wilder57 in 1921, which 

is based on long chain saturated fats (butter, cream, meat fat, bacon) and utilizes a low percentage 

of protein and carbohydrate. The ketogenic ratio is 4:1 with four parts fat to one part of a combina-

tion of protein and carbohydrate. The ketogenic diet protocol requires an inpatient hospital setting 

whereby the patient is placed in a state of ketonuria by fasting for 24 hours. It has been noted that 

some patients have immediate improvement in seizure frequency and severity after the initial fast-

ing period, while others experience improvement many weeks after the onset of the diet.58 Overall, 

estimates indicate that complete cessation of all seizures occurs in about 16% of patients, with a 

greater than 90% reduction in seizures occurring in 32%, and a greater than 50% reduction in sei-

zures occurring in 56%.56

The concept of the ketogenic diet is that it provides suffi cient protein for growth but insuffi cient 

amount of carbohydrates for all the metabolic needs of the body. Energy is derived largely from fatty 

acid oxidation rather than from carbohydrates. During high rates of fatty acid oxidation, large amounts 

of acetyl-CoA are generated, leading to the synthesis, primarily in the liver, of the three ketone bodies 

(1) beta-hydroxybutyrate, (2) acetoacetate, and (3) acetone. The metabolic effi ciency of the Krebs cycle 

is reduced, and excess acetyl-CoA is shunted to the production of ketone bodies. Ketone bodies spill 

into the circulation, causing serum levels to rise several-fold, and are then utilized as an energy (ATP) 

source in extrahepatic tissues, including the brain. Glucose is ordinarily the sole fuel for the human 

brain, but it is hypothesized that ketone bodies enter the brain in proportion to the degree of ketosis. 

Utilization of ketones by the brain is usually minimal but with the ketogenic diet, ketone bodies partly 

replace glucose as fuel for the brain.

Side effects of the ketogenic diet may include persistent metabolic acidosis, hypoglycemia, hyperlipi-

demia, hypertriglyceridemia, dehydration, nausea/vomiting, diarrhea, constipation, gastritis, fat intol-

erance, increased bruising, transient hyperuricemia, hypoproteinemia, hypomagnesemia, repetitive 

hyponatremia, low HDL, iron-defi ciency anemia, and reduction in quality of life—unable to participate 

fully in celebrations and gatherings. Late-onset complications may include delayed growth, osteope-

nia, renal calculi, renal stones, cardiomyopathy, secondary hypocarnitinemia, lipoid pneumonia due to 

aspiration, hepatitis, ulcerative colitis, and acute pancreatitis.

Most early- and late-onset complications are described by Freeman and colleagues59 as “transient 

and successfully managed by careful follow-up and conservative strategies”; however, this may not 

be the case in extended use of the diet, which may produce health risks. In addition, there are patients 

who simply cannot tolerate the ketogenic diet due to aberrant fatty acid oxidation involving both the 

mitochondrial and peroxisomal function. Detailed testing of red cell and plasma fatty acids can prevent 

health challenges and target the proper diet and balance of fatty acids for the individual patient.
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MODIFIED KETOGENIC DIETS

In the last several years papers have emerged stating that it is not necessary to comply to the rigid 

confi nes of the ketogenic diet and that it may be liberalized into a low-glycemic-index (LGIT) 

diet60,61 or a modifi ed Atkins diet62 instead. Hospitalization is required to attain ketosis and mainte-

nance of a low-carbohydrate, high-fat diet with unlimited protein and fats, green vegetables, salad, 

~15 g of carbohydrate daily as vegetables or fruit such as berries is far easier for the patient to follow 

and results in similar clinical outcomes in regard to reduction in seizure activity achieved by the 

ketogenic diet. The LGIT and modifi ed Atkins diets, however, do not address fatty acid imbalances 

or altered lipid metabolism that are at the core of a seizure presentation.

THE MEMBRANE STABILIZING PROTOCOL

The Membrane Stabilizing Protocol18 includes a Membrane Stabilizing Diet that was created for 

stabilization of cellular function by balancing EFAs with targeted oral lipids after red cell analysis 

along with a restriction of carbohydrates. The Membrane Stabilizing Diet Protocol is organic and 

nutrient dense, consisting of protein (meat, poultry, fi sh), green vegetables, seeds, nuts, cold pressed 

oil, and dairy products, with limited use of berries, potato, and legumes. Processed food, sugar, 

juice, grains, high-carbohydrate fruits, and starchy vegetables are not allowed (see Table 24.1).

EVALUATING RED CELL LIPIDS TO ESTABLISH A MEMBRANE STABILIZING PROTOCOL

The mechanism by which the ketogenic diet protects against seizures is described as “remaining elu-

sive”; however, research on the etiology of the diet has never been integrated with current fatty acid 

literature. As the focus of a study is usually on one or limited variables, there is restriction into the 

scientifi c exploration of the complex nature of cellular and membrane function involving the brain.

It is paramount that the content of fatty acids be examined in red cells so that stabilization of 

brain function via lipids in regard to seizure activity may be realized. Red cell lipid analysis offers a 

refl ection of neuronal fatty acid content that is noninvasive. The results of detailed fatty acid analysis 

have not been applied in individualized protocols in hospital-based ketogenic diet regimes. In clinical 

work, however, the results of red cell fatty acid analysis have been successfully applied to pediatric 

and adult populations with seizure disorders for more than a decade.8,19,63 

Detailed examination of red cell fatty acids from the Peroxisomal Diseases Laboratory at Kennedy 

Krieger Institute over the past 12 years has demonstrated that our patient population19,64 with seizure dis-

orders has characteristic moderate to severe elevation of red cell very long chain fatty acids (VLCFAs) 

above C20 (carbon 20) indicating deranged peroxisomal involvement.7,8,18,39,65–72 Altered peroxisomal 

function represents cellular membrane disturbance, neurological dysfunction, hepatic derangement in 

regard to detoxifi cation, the potential for an increase in ceramide production, and impaired synthesis of 

prostaglandins, which may be a complication, or possible etiology of, seizure presentations. See the red 

cell lipid biomarkers presented in Figure 24.1.

Membrane phospholipid abnormalities with elevation of VLCFAs are indicative of altered cellular 

function resulting in suppressed peroxisomal ß-oxidation of VLCFAs. Numerous neurological disor-

ders have also been identifi ed with the buildup of VLCFAs including adrenoleukodystrophy, autism, 

ALS, Parkinson’s disease, multiple sclerosis, pervasive developmental delay, brain injury, stroke, and 

Alzheimer’s disease.18,72–75 The origin of this cellular derangement may involve exposure to neuro-

toxins. The use of oral and IV lipids facilitates stabilization of phospholipids in cellular membranes 

thereby addressing hepatic and CNS clearance of microbes, chemicals, and heavy metals, ultimately 

resulting in optimal cellular and nervous system function.

BALANCING EFAS AND THE SPECIFIC RATIO 3 (SR3)

Renowned lipid researcher Michael Crawford defi nes the dry weight of the human brain as 60% 

lipid,76 with dendrites and synapses up to 80% lipid content. Phospholipids, cholesterol, cerebrosides, 
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gangliosides, and sulfatides are the lipids most predominant in the brain, residing within the bilay-

ers.77 The phospholipids and their EFA components provide second messengers and signal media-

tors78 and play a vital role in the cell signaling systems in the neuron.79 The functional behavior of 

neuronal membranes largely depends upon the ways in which individual phospholipids are aligned, 

interspersed with cholesterol, and associated with proteins. Neurotransmitters are wrapped up in 

phospholipid vesicles. The release and uptake of the neurotransmitters are dependent upon the 

realignment of the phospholipid molecules. The nature of the phospholipid is a factor in determin-

ing how much of a neurotransmitter or metal ion will pass out of a vesicle or be taken back in. 

Phospholipid remodeling may be stimulated by supplying oral or IV phospholipids, principally PC, 

as well as balanced EFAs and catalysts via nutritional intervention.

The optimal function of the membrane, and consequently the organism, is intimately dependent 

upon lipid substrates. The EFAs must be ingested, and in a preferred proportion to one another, 

which involves the two basic EFA families, ω6 and ω3.

In 1993 Yehuda and a colleague80 published their fi ndings on an optimal EFA ratio of 4 parts 

ω6 linoleic acid to 1 part ω3 alpha linolenic acid, termed the SR-3 ratio, with reported benefi ts as 

improved learning and elevation of pain threshold. Continuation of Yehuda’s research has elucidated 

that the SR-3 improves seizure control and anti-convulsant effi ciency,81–85 cognitive function,86–89 

sleep,90 and stabilization of brain structure and function.91,92

Yehuda’s SR-3 provides the EFAs linoleic acid (LA) and alpha linolenic acid (ALA) which, in 

themselves, are critical components to stable neurochemistry even though they are lower order fatty 

acid metabolites.85 Clinical application of Yehuda’s SR-3 oil has proven effi cacy in seizure disorders 

in our patient population.19 EFAs consist of two levels and are categorized as:

1. Lower order fatty acids, or polyunsaturated fatty acids (PUFAs), linoleic acid (found in 

sunfl ower and saffl ower oil), and alpha linolenic acid (found in fl ax and soy oil).

2. Higher order EFAs, or highly unsaturated fatty acids (HUFAs), gamma linolenic acid 

(GLA) found in evening primrose oil, dihomogamma linolenic acid (DGLA), arachidonic 

acid (AA) found in meat fat, butter, egg yolk, eicosapentaenoic acid (EPA) found in coldwa-

ter fi sh and fi sh oil, and docosahexaenoic acid (DHA) found in coldwater fi sh and fi sh oil.

All the EFAs must be a part of a balanced lipid regime for individuals with seizure presentations. 

Although an optimum balance of HUFAs or eicosanoids has not yet been elucidated in the literature, our 

access to a database of 15,000 red cell fatty acid analyses, extensive clinical experience with detailed 

history of patients’ oral intake, and subsequent testing after aggressive supplementation of EFAs has 

led us to the creation of a targeted EFA-balance based on individual red cell fatty acid analysis. Liberal 

access to dietary and balanced oral supplementation of HUFAs must be supplied as meat fat, evening 

primrose oil, cream, butter, egg yolk, and coldwater, wild fi sh. PUFAs, however, should also be utilized 

as organic, cold-pressed sunfl ower oil and fl ax oil as in the SR-3 linoleic to alpha linolenic (4:1) ratio.

Indiscriminate use of marine oil, as is the case in a surprising number of patients presenting at our 

clinic, has resulted in gross distortion of the red cell fatty acid analysis. Over the past 12 years we have 

frequently observed the phenomenon of an “omega-3 overdose syndrome” after overzealous use of fi sh 

oil. Common symptoms in children are hypotonia and lethargy if a fi sh oil supplement with high EPA is 

overused without omega-6 supplementation. Eczema, mental confusion, learning diffi culties, delusional 

behavior, irritability, infl ammation, and exacerbation of autistic features and seizures may develop if a 

fi sh oil supplement with high DHA or cod liver oil is overused without omega-6 supplementation.

Patients with seizure disorders appear to have signifi cant restabilization of their EFA balance 

upon retesting their red cell fatty acids when aggressive oral-balanced HUFA lipid therapy with 

egg yolk, meat fat, butter, and evening primrose oil is applied over ~6 months when marine oil has 

been overdosed.19,63 The addition of IV phosphatidylcholine therapy appears to expedite stabiliza-

tion of balanced phospholipids in the membrane in both our adult and pediatric populations along 

with oral-balanced EFAs.
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CLEARING NEUROINFLAMMATION AND NEUROTOXINS

We have observed that patients with seizure disorders, autism, and pervasive developmental delay 

often have both a heavy metal burden coexisting with the additional complication of the presence 

of other toxins. Heavy metals may coexist within the cell membrane and fatty tissues requiring 

consideration of a variety of toxins: pesticides, petrochemicals, neurotoxic mold, bacteria, viruses, 

parasites, and chemicals such as acetaminophen. Thus intervention must address all aspects of pos-

sible toxic exposures involved in the presentation.

Introduction of a phospholipid emulsion, phosphatidylcholine (PC), as Lipostabil Rx may clear 

lipid-soluble microbes and toxins from the body as noted by Goldfarb and others.93–95 Initially, 

research was conducted on animals whereby meningitis and systemic sepsis were cleared by the 

use of intravenous bolus PC. Human trials were later conducted on the use of PC in bolus IV 

drips to establish the safety of multi-gram doses in which no side effects were observed. Gordon 

and colleagues reported95 on the fi rst human study whereby bolus PC was administered intrave-

nously followed by Escherichia coli endotoxin (2 ng/kg) intravenously, revealing that the subjects 

who received the bolus PC did clear the endotoxin while the subjects who received the placebo of 

medium chain triglycerides did not and had an immune response to the endotoxin. Presently, over 

200 studies are being conducted on the use of bolus PC in regard to its medical effi cacy in address-

ing toxic exposure.95

We have embarked on a clinical treatment plan for the past 6 years of therapy including both 

oral and intravenous lipid therapy to attenuate the accumulation of ceramides and renegade fatty 

acids that can compromise hepatic and CNS function. Identifying and treating methylation97,98 and 

sulfation99 defi cits facilitate stabilization of phospholipids in cellular membranes, detoxifi cation, 

gene expression, and stabilization of the dopamine response. Oral and IV phospholipids and phe-

nylbutyrate therapy may modify the neuronal and hepatic membrane distortion by displacing the 

subsequent early expression of sphingomyelin, which follows the rise of ceramide synthesis.40

The Membrane Stabilizing18 IV Protocol is initiated with a phospholipid exchange or bolus 

phospholipid drip followed by IV folinic acid to support methylation. In the last step of the proto-

col reduced glutathione (diluted with sterile H20, not saline) is infused. In administering glutathione 

with PC we are attempting to achieve a lipid-soluble glutathione to chelate heavy metals bound to 

metallothionein,100–104 support immune function, and suppress PLA2,43,54 thereby stabilizing the phos-

pholipids in the membrane. Glutathione can form metal complexes via nonenzymatic reactions and is 

a versatile and pervasive metal-binding ligand. The sulfhydryl group of the cysteine moiety of gluta-

thione has a strong affi nity for mercury, silver, cadmium, arsenic, lead, gold, zinc, and copper.

The cellular impact of toxins and heavy metal burdens can result in disturbed prostaglandin 

synthesis, poor cellular integrity, increased cytokine release,105 decreased glutathione levels,106 sup-

pression of ω6 arachidonic acid,107,108 and marked elevation of renegade fats. Our clinical recourse 

is to address cellular derangement with PC, both orally and by infusion, to potentially offset the 

accumulation of ceramides, infl uence membrane fl uidity, clear neurotoxins, and stabilize the integ-

rity of the lipid membrane leafl ets.

ORAL AND IV THERAPY OF THE MEMBRANE STABILIZING PROTOCOL

The Membrane Stabilizing Protocol,18 involving diet, supplementation and IV therapy, is initiated after 

analysis of the patient’s red cell fatty acids is completed, so that a targeted individualized approach 

toward stabilizing cell membrane function can be established. The core of therapy is controlling the 

lipid enzyme PLA2 (phospholipase A2) with the Membrane Stabilizing Diet Protocol, which is a 

nutrient-dense, balanced-EFA, low-carbohydrate diet to address the phospholipid architecture in the 

membrane. Additional benefi t is derived from oral and intravenous administration of PC, balanced 

EFA therapy, and individualized oral regimen of EFAs specifi c to the aberrations in the patient’s red 

cell fatty acid test. Additionally, membrane traffi c is addressed by balancing electrolyte disturbances 
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with an oral Ringers-type electrolyte solution; hepatic and neuroinfl ammatory function is augmented 

with butyrate (oral), phenylbutyrate (intravenous and oral), and glutathione (intravenous only); myeli-

nation is supported with fatty alcohols, which can pass the blood brain barrier (oral), supportive cata-

lysts as coenzymes are utilized as trace minerals, macrominerals, vitamins, coenzyme Q10, carnitine, 

and carnosine; and methylation support is addressed with IV and oral folinic acid, ribofl avin, tetrahy-

drobiopterin, and injectable or sublingual methylcobalamin.

The majority of sources of renegade fatty acids are removed in the Membrane Stabilizing Diet 

Protocol, which is accomplished by the avoidance of foods and oils that contain VLCFAs such as 

mustard, canola oil, peanuts, and peanut oil that can challenge patients with liver and CNS toxicity. 

Dr. Hugo Moser’s original diet for adrenoleukodystrophy (ALD) consisted of removing oral intake 

of VLCFA9 in food. The Membrane Stabilizing Diet Protocol is an expansion of Dr. Moser’s diet to 

suppress PLA2 (phospholipase A2) but it is not as restrictive as the diet for patients with ALD or the 

ketogenic diet. The Membrane Stabilizing Protocol18 establishes a PLA2 suppressive diet with the 

focus on nutrient density (reduced carbohydrate, high fats/oils/protein) and is also utilized to help 

stabilize membrane phospholipid integrity and peroxisomal function.

Many of our pediatric patients with seizure disorders have presented with complex symptomatol-

ogy, including failure to thrive. Nourishing the body with EFAs, phospholipids, and a nutrient-dense 

diet usually results in weight stabilization and increased growth.

Weekly and biweekly infusions of phosphatidylcholine as lipostabil (natterman) may be admin-

istered by phospholipid exchange followed by folinic acid (leucovorin) and reduced glutathione 

(rGSH) diluted with sterile water by fast push. Only sterile water or dextrose in water can be used 

as a diluent for lipids as electrolytes, such as saline, will form a soap and are contraindicated. 

Intravenous dosing is adjusted to the age and weight of pediatric patients.

Bolus dosing of phosphatidylcholine is adjusted to the patient’s test results and presentation. A 

detailed description of the Membrane Stabilizing Protocol including both IV and oral lipid ther-

apy may be found in the medical book The Detoxx Book—Detoxifi cation of Biotoxins in Chronic 
Neurotoxic Syndromes.18

Application of phospholipid exchange and/or bolus phosphatidylcholine as Lipostabil followed 

by folinic acid and glutathione by fast push has been successfully utilized in our clinical setting109 

with marked improvement in seizure control, cognition, IQ scores, focus, attention, mood, coordi-

nation, and speech as noted in our medical chart notes.109

VI. SUMMARY

Detailed examination of red cell fatty acids of patients with seizure presentations has revealed a char-

acteristic elevation of VLCFAs within red cells, which may result from altered cellular function with 

suppressed peroxisomal ß-oxidation due to toxic insult or genetic vulnerability. Stabilizing membrane 

function is paramount to approaching seizure disorders and a targeted clinical treatment plan can 

address the cellular disturbance of the accumulation of aberrant lipids. Supplementation with balanced 

EFAs as Yehuda’s 4:1 ratio omega-6 to omega-3 oil and phosphatidylcholine is supportive to cell mem-

brane integrity. Catalysts supportive to methylation and cellular metabolism are crucial adjuncts to 

addressing disturbed neurochemistry in seizure presentations as is a low-carbohydrate, high-balanced 

fatty acid and high-protein diet.

To navigate the care of patients with seizure disorders it is crucial to:

Obtain pertinent laboratory studies initially.• 

Instruct patients and/or their parents in dietary changes that are reasonable for their lifestyle. • 

Diet may need to be changed slowly to organic, fresh food.

Begin with removal of refi ned sugar/fl our and a sharp increase in oils containing balanced • 

EFAs and protein foods. Carbohydrate foods may need to be slowly reduced and replaced 

with appropriate nutrient dense substitutes.
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Begin supplementation of nutrients slowly with phosphatidylcholine (9 capsules or 1 table-• 

spoon daily), butyrate (may be obtained by Rx in a liquid form for pediatric patients), 

evening primrose oil, SR-3 balanced 4:1 omega-6 to omega-3 oil (3 to 6 tablespoons daily), 

folinic acid, thiamin, ribofl avin, sublingual methylcobalamin, biotin, pyridoxine, niacin-

amide, inositol, PABA, tetrahydrobiopterin, balanced electrolytes, magnesium, trace min-

erals (zinc, chromium, selenium, manganese, iodine).

Application of phospholipid exchange and/or bolus phosphatidylcholine as Lipostabil fol-• 

lowed by folinic acid and glutathione by fast push has been successfully utilized in our 

clinical setting109 with marked improvement in seizure control, cognition, IQ scores, focus, 

attention, mood, coordination, and speech. Subcutaneous injection of methylcobalamin 

once weekly may also be indicated.

Diet has been demonstrated to be an effective treatment in the management of seizure disorders. 

We have investigated the biological validity of various low-carbohydrate, high-fat diets and suggest 

a modifi cation of the ketogenic diet as the nutrient-dense Membrane Stabilizing Diet Protocol (see 

Table 24.1) so that compliance is not challenged and rather, food may be enjoyed.
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25 Attention Defi cit 
Hyperactivity Disorder

Valencia Booth Porter, M.D., M.P.H.

I. INTRODUCTION

Attention Defi cit Hyperactivity Disorder (ADHD) is the most common behavioral disorder in chil-

dren, affecting approximately 2 to 3 million children in the United States.1 Behavioral measures and 

pharmacotherapy are the cornerstones of medical management of ADHD, with stimulant drugs the 

mainstay of treatment for more than 60 years. Newer nonstimulant medications have also shown 

benefi t in ameliorating symptoms of ADHD and comorbid disorders. However, with approximately 

65% to 70% of patients reporting medication side effects2,3 and up to 30% of children who may not 

respond to medication,4 many families and physicians alike look to diet and nutrient interventions 

as an adjunct in long-term management of the disorder.5 

A number of studies have shown the importance of omega-3 fatty acids in brain development 

and function. Carbohydrates are essential for brain fuel. Proteins are needed for amino acids and 

neurotransmitters. Vitamins and minerals serve as cofactors to create these building blocks. Certain 

food components can negatively impact behavior in certain children who appear vulnerable and 

have reactivities to these foods. Food colorings, fl avorings, preservatives, and refi ned sugars have 

been linked to ADHD, with parents and other observers frequently reporting dramatic improve-

ments in hyperactive children on a variety of defi ned diets.6–8

II. BACKGROUND

In the United States, the prevalence of ADHD in school-age children is estimated between 3% 

and 10%.1 Onset is typically between age 4 and 7 years, with boys affected six times more than 

girls. ADHD may persist into adulthood in 40% to 60%. Although clinically heterogeneous, those 

suffering from ADHD have core features including developmentally inappropriate inattention, 

impulsivity, and hyperactivity. Currently recognized subtypes include predominantly inattentive, 

predominantly hyperactive and impulsive, or combined-type.1 Comorbid conditions include oppo-

sitional defi ant disorder, conduct disorder, both unipolar and bipolar mood disorders, anxiety dis-

orders, and learning disorders.9,10 Traditional treatment includes behavior modifi cation, educational 

techniques, psychotherapy, and pharmacotherapy, most commonly with stimulant medications. In 

the United States and United Kingdom, use of stimulant medication for this condition has dramati-

cally increased since the 1990s.

While the precise cause of ADHD remains unknown, it appears to have a multifactorial etiol-

ogy including genetic, biologic, and environmental contributors. Family, twin, and adoption studies 

provide evidence that genes and in utero environmental factors (epigenetics) play a strong role in 

susceptibility to ADHD, with evidence pointing toward dopaminergic and adrenergic systems as 

well as fatty acid metabolism.11
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Evidence from pharmacological effects and brain imaging studies highlight frontal lobe and 

subcortical regions of the brain as being affected in ADHD. The dopaminergic anterior system is 

thought to be related to behavioral inhibition and executive functions, whereas the noradrenergic 

posterior system may play a role in selective attention.10,12 Stimulant drugs that modulate dopamin-

ergic and noradrenergic systems, such as methylphenidate, have been successful at reducing core 

ADHD symptoms.10,13 In addition, the nonstimulant drug atomoxetine works by inhibiting nora-

drenaline transport.14 By contrast, serotonergic drugs have demonstrated little effect in treatment of 

ADHD despite interaction between serotonin and dopamine systems.15

Environmental exposures may also play a role in the development of ADHD, with associations 

found between exposure to lead and prenatal exposure to maternal cigarette smoking and alcohol 

use.16,17 Although lead toxicity does not account for the majority of cases of ADHD and not all chil-

dren with high lead exposure develop ADHD symptoms, lead has been shown in some children to 

cause distractibility, hyperactivity, restlessness, and lower intellectual functioning.17 Environmental 

exposures to neurodevelopmental toxins such as heavy metals and organohalide pollutants have also 

risen with increased industrial pollutants.17,18

Thyroid problems such as hyperthyroidism are often included in the differential diagnosis, but stud-

ies have not shown a clear association between thyroid function and ADHD. Abnormal thyroid function 

has been found to occur more often in children with ADHD than in the general population.19,20 A large 

proportion of children with generalized resistance to thyroid hormone (GRTH), where target tissues are 

less responsive to thyroid hormone, have also been found to have ADHD.21,22 It is also possible that envi-

ronmental thyrotoxicants such as PCBs may play a role in the etiology of ADHD.23 In utero, maternal 

hypothyroxinemia has known neurodevelopmental consequences and recently Roman hypothesized 

that maternal exposure to environmental antithyroid and goitrogenic agents and insuffi cient dietary 

iodine intake can result in fetal brain changes.24

Food and nutrients from early childhood and on also play a role in the pathophysiology of this condi-

tion. In early life, children given soy-based formula due to food reactivities may be at added risk due to 

the goitrogenic properties of soy isofl avones as well as high levels of manganese.25,26 Iodine defi ciency

is found in approximately 12% of the U.S. population and up to 15% of women of child-bearing 

age.27 The recommended daily intake is 100 to 150 μg and one teaspoon of iodized table salt contains 

400 μg. Patients choosing to reduce processed foods may unknowingly be reducing their iodine intake; 

however, this is preventable by supplementation or by eating other foods high in iodine such as fi sh, 

seaweed, kelp, and chicken eggs. The iodine content of vegetables and grains is dependent upon the 

content of the soil it is grown in. Sea salt is a poor source of iodine with less than 2 μg/g. It should be 

noted also that excessive iodine intake can also lead to thyroid dysfunction and the upper limit for safe 

intake is 1100 μg/day for adults and even less for children.28 In addition to nutrients affecting thyroid 

function, over the last century, dietary changes have included dramatic changes in the ratio of essential 

fatty acids and a shift toward low-protein/high-carbohydrate diets.29-31 Food additives with the potential 

for reactivities in the diet have also drastically increased, with over 2300 now approved for use.

III. FOOD ADDITIVES

In the diet, exposure to food additives and other substances has been commented on extensively in 

the literature. Differences and inadequacies in controlled trials make analysis diffi cult, but studies do 

indicate a limited positive association between defi ned diets and decrease in hyperactivity. A 1983 NIH 

Consensus Panel on defi ned diets and childhood hyperactivity stated that “defi ned diets should not be 

universally used in the treatment of childhood hyperactivity at this time. However, the Panel recognizes 

that initiation of a trial of dietary treatment or continuation of a diet may be warranted in patients whose 

family and physicians perceive benefi ts.”32

With domestic production of food dyes increasing four-fold between 1955 and 1998, more than 

2000 food additives are approved by the Food and Drug Administration (FDA).33 While preser-

vatives such as benzoates serve to increase shelf-life of food, artifi cial food colorings have no 
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nutritional value or other benefi ts to consumers and are mainly used for cosmetic purposes, often 

to make non-nutritious foods more appealing to children. An unpublished study by the FDA in 

1976 noted that the average American child consumed 27 mg of artifi cial food colors daily.34 These 

substances are generally regarded as safe, but hypersensitivity responses or idiosyncratic reactions 

could have effects on central nervous system functioning.

A recent study has re-ignited interest in the infl uence of food additives on children’s behavior. 

Replicating an earlier study showing that ingestion of usual amounts of food colorings and addi-

tives may signifi cantly increase hyperactivity in some 3-year-old children, McCann and colleagues 

showed similar effects in 8- to 9-year-old children.8 In the fi rst study, 3-year-old children from the 

general population given a diet free of artifi cial dyes and benzoate preservatives had reduction in 

hyperactive behavior. When challenged with a mix containing commonly used additives sodium 

benzoate and Sunset Yellow, carmoisine, tartrazine, and Ponceau 4R, hyperactivity increased.35

The new study evaluated 153 3-year-olds and 144 8- to 9-year-olds from the general population 

initially placed on an elimination diet free of challenge elements for 6 weeks.8 Elements tested 

included those in the original study (mix A) and mix B containing: sodium benzoate plus the dyes 

Sunset Yellow, carmoisine, Quinolone Yellow, and Allura Red AC. These elements were typical of 

the artifi cial food colors and additives currently found in some children’s foods and were given in 

amounts representative of average daily intake of these additives by young children in the United 

Kingdom. In both age groups, small but signifi cant increases in hyperactivity as assessed by par-

ents, teachers, and trained observers were seen with mix A. Mix B was also associated with a small 

signifi cant increase in hyperactivity in the older children, but not in the 3-year-olds, who exhibited 

a wider range of responses. This corresponds to the clinical observation that some hyperactive chil-

dren are highly sensitive to food colorings and additives, while other children are not. On the basis 

of this study, the British Food Standards Agency advised parents of hyperactive children to consider 

eliminating the additives used in the study from their diets. Further study is needed to determine 

what may account for individual differences in response as well as to determine the specifi c com-

pounds or combination of compounds responsible for these effects.

These fi ndings are consistent with a recent meta-analysis of 15 double-blind placebo-controlled 

trials of artifi cial food colorings that showed increase in hyperactivity as measured by behavioral 

rating scales in hyperactive children.36 A prior review that was not supportive included trials of 

hyperactive and nonhyperactive children and various methodologies.37

As one hypothesis for these reactions is a potential hypersensitivity to these compounds, addi-

tional studies have looked at children with ADHD who were also atopic. In one study using an 

elimination diet, 73% of 26 children with ADHD had behavioral improvement and atopic children 

responded more than those who were not atopic.38 In addition, a dose-response effect of the food 

coloring tartrazine was observed in some hyperactive children and all of those who reacted were 

also found to have atopy.39

FEINGOLD DIET

In the 1970s Dr. Benjamin Feingold, a pediatrician and allergist, popularized the idea of diet affect-

ing children’s hyperactive behavior. He originally hypothesized that hyperactivity was a symptom 

of salicylate intolerance in genetically predisposed individuals and because many of these people 

also had hypersensitivity to tartrazine (Yellow Dye No. 5) he suggested that this additive as well as 

several artifi cial fl avors similar in structure to salicylates were involved.

The original Feingold Diet, also known as Kaiser-Permanente or K-P diet, eliminates all foods con-

taining artifi cial (synthetic) colors and/or fl avors and all foods high in naturally occurring salicylates, 

a category that includes some fruits and vegetables (almonds, cucumbers, tomatoes, berries, apples, 

oranges, and several other fruits). The role of salicylates was later diminished and preservatives sodium 

benzoate, butylated hydroxyanisole (BHA), and butylated hydroxytoluene (BHT) were added to the 

exclusion list.40–42 After several weeks on the elimination diet, salicylate-containing foods are gradually 

TAF-67621-08-0801-C025.indd   415TAF-67621-08-0801-C025.indd   415 12/19/08   7:38:04 PM12/19/08   7:38:04 PM



416 Food and Nutrients in Disease Management

reintroduced, looking for adverse reactions.38 Feingold reported anecdotally that 40% to 70% of chil-

dren who strictly adhere to the diet have a marked reduction in hyperactive behavior and suggested that 

younger children tended to respond more rapidly and more completely.42

For the most part, other researchers evaluating the Feingold hypothesis yielded inconclusive 

results and suffer from small sample sizes and methodological defi ciencies.34 However, a subgroup 

of hyperactive children may show improvement on the diet, although it is uncertain what component 

of the dietary change is responsible, be it lack of additives, salicylate avoidance, placebo effect, 

change in nutrient status, or other variables including family dynamics.34,43 It is possible that salicy-

lates accounted for more cases in the 1970s than in current times in which the intake of sugar and 

other additives is much higher and ADHD has reached epidemic levels. While the potential for food 

reactivities is great with thousands of artifi cial compounds in use, the amount of testing needed to 

assess the role in ADHD would likely take decades. On the other hand, motivated parents may fi nd 

that their child benefi ts from this approach and the Feingold Association* provides ample resources 

to support them in this endeavor.43

OLIGOANTIGENIC/FEW FOODS DIET

In addition to food additives, common foods including sugar, milk, corn, wheat, chocolate, eggs, 

and oranges have also been implicated as factors responsible for behavioral problems in ADHD. 

Dr. William Crook, an allergist and pediatrician, reported parent-noted food triggers in 70% of 182 

hyperactive patients and with dietary elimination of these substances, an excellent or good response 

was reported by nearly 80%.44

Similar to the Feingold Diet, the rationale behind the very restrictive oligoantigenic or few foods diet 

is to eliminate foods and ingredients that may provoke adverse behavioral reactions, including additives 

and artifi cial colorings as well as other substances assumed to be antigenic such as cereal proteins and 

citrus fruits. As fi rst described by Egger, this diet consists of two types of meats (lamb, turkey/chicken), 

two carbohydrate sources (rice, potatoes), two types of vegetables (Brassica, carrots), and two fruits 

(apple, banana). For preparing the meals, oil, margarine, salt, and water are allowed. Beverages include 

apple juice and mineral water and calcium and multivitamins are given as supplements.45

In the original study of 76 children, 62 improved, with the behavior of 21 normalizing. Other 

symptoms such as headaches and abdominal pain often improved as well. When re-exposed in a 

double-blind, crossover, placebo-controlled trial, symptoms returned or were exacerbated within 

2 to 3 days. Artifi cial colorings (tartrazine) and preservatives (benzoates) were the most common 

provoking substances, but all children had multiple sensitivities.45 Other studies of children with 

ADHD or hyperactivity have shown that at least in some children, hyperactivity may be a manifes-

tation of food intolerance and behavior may improve with an oligoantigenic or few foods diet.46-48

SUGAR

It is commonly believed that foods high in refi ned sugar exacerbate behavioral problems in children.49 

Anecdotal and observational studies have supported this belief, showing deteriorations in attention 

or behavior after sucrose challenge versus placebo in children with and without ADHD.50–54

Interestingly, it may not only be the sugar, but the relationship to other food components. Changes 

in behavior have been correlated with the amount of sugar ingested, with the ratio of sugar prod-

ucts to other foods, and with the ratio of carbohydrate to protein in the diet.51 In a challenge study, 

behavioral deteriorations in normal and hyperactive children were seen when sucrose was given 

after a breakfast consisting of mostly carbohydrates, but not after fasting or a high-protein break-

fast.55 Another study showed that declines in attention and memory seen in children in a fasting 

condition or given a glucose drink were not seen when a breakfast of complex carbohydrates was 

given.56 Indeed, a higher ratio of sugar to total energy has been found to be associated with increases 

* www.feingold.org.
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in activity, off-task behaviors, and attention problems.57 As drops in blood sugar can trigger sympa-

thetic nervous system response, it is hypothesized that altering the carbohydrate:protein ratio might 

infl uence neurotransmitters, leading to these behavioral symptoms.58,59 Serum levels of precursor 

amino acids (tyrosine, phenylalanine, and tryptophan) for neurotransmitters affected in hyperactiv-

ity are increased by dietary consumption and lowered by carbohydrate load.58

A number of controlled studies in the literature do not support the notion that sugar intake leads 

to increase in activity.49,60–63 Some even reported a decrease in activity levels after sucrose or glucose 

ingestion.63,64 One should note, however, that many of these negative studies use another sweetener such 

as aspartame or saccharin as the placebo challenge, with unknown behavioral effects in general and 

some associations emerging that food reactivities and these synthetic compounds may be linked.66–69

SPECIFIC NUTRIENTS

Essential Fatty Acids
Fatty acids have fundamental structural and functional roles in the central nervous system, com-

prising key components of neuronal membranes, neurotransmitter receptor sites, as well as second 

messenger systems.70,71 Essential fatty acids (EFAs) cannot be synthesized by the body and therefore 

must be provided in the diet. Sometimes dietary intake is inadequate; however, other times further 

metabolic processing of EFAs is impaired. The conversion is dependent on precursor levels and can 

also be infl uenced by environmental factors.72,73 The omega-6 linoleic acid (LA) and omega-3 alpha-

linolenic acid (ALA) undergo desaturation and elongation to become the omega-6s arachidonic acid 

(AA) and dihomo-gamma-linolenic acid (DGLA), a metabolite of gamma-linolenic acid (GLA), and 

omega-3s eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).74 AA and DHA are key 

components of neuronal membranes, accounting for up to 15% to 20% of the brain’s dry mass. AA 

additionally plays a role in cellular processes underlying learning and memory. DGLA, AA, and 

EPA are also important eicosanoid precursors thus affecting many other biochemical processes.74

While both the omega-3s and omega-6s are crucial to brain development and function, the 

omega-3s in particular are often lacking in diets of developed countries where dramatic increases 

in consumption of processed foods have led to relative defi ciencies in certain EFAs and a change 

in the omega-6:omega-3 ratio from approximately 3:1 to more than 20:1 in some cases.70,75 These 

dietary changes may have contributed to the increased incidence of many diseases including neu-

rodevelopmental disorders.70 Dietary omega-3 sources include fi sh and shellfi sh, as well as plant 

sources such as fl ax oil, hemp oil, soy oil, canola oil, pumpkin seeds, sunfl ower seeds, leafy veg-

etables, and walnuts, which do not contain EPA or DHA.

Various behavioral and developmental problems including ADHD have been linked to defi cien-

cies or imbalances of fatty acids.76 Hyperactive and ADHD children have been noted to have symp-

toms of EFA defi ciency such as dry hair and skin, excessive thirst and urination, and other fi ndings 

including follicular keratoses, brittle nails, and symptoms of eczema, asthma, and other atopic 

conditions.76,77 In addition to physical signs of fatty acid defi ciency, plasma and erythrocyte fatty acid 

levels, particularly omega-3s, have been found to be decreased in subjects with ADHD.78–81 Recent 

studies have shown that genes involved in fatty acid metabolism can infl uence tissue concentrations 

and these may have a potential role in ADHD.82 A defi ciency in omega-3s can further disrupt the 

dopaminergic mesocorticolimbic pathway by reducing dopamine vesicle density.72

EFA Supplementation
Supplementation with omega-3s changes blood levels and can lead to changes in mood and behavior. 

A 4:1 ratio of omega-6:omega-3 has been found to be optimal for neuronal membrane function-

ing although this has not yet been applied specifi cally to ADHD.83 Early intervention studies of 

supplementation with evening primrose oil (primarily GLA) in children with ADHD had mixed, 

but unsatisfactory outcomes.84,85 Further studies of DHA supplementation alone also failed to dem-

onstrate improvement in ADHD symptoms.86,87 As neither serum nor erythrocyte DHA was found 

to be related to ADHD symptom severity in adults, this may be an inadequate intervention.80
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Children with ADHD given a 15 week intervention of polyunsaturated fatty acids (PUFAs) alone 

or PUFAs with micronutrients showed signifi cant medium to strong positive effects over placebo on 

parent-rated but not teacher-rated inattention and hyperactivity/impulsivity.88 The PUFA capsules 

contained 400 mg fi sh oil and 100 mg evening primrose oil with 93 mg EPA, 29 mg DHA, 10 mg 

GLA and 1.8 mg vitamin E. No additional effects of the micronutrients were seen. Results were 

replicated in the placebo group after all groups crossed over for another 15 weeks on PUFAs, with 

treatment groups continuing to show signifi cant improvements on core ADHD symptoms. Another 

study showed that supplementation with fl ax oil (200 mg ALA) with 25 mg vitamin C twice a day 

for 3 months increased erythrocyte EPA and DHA levels and improved parent-rated impulsivity, 

restlessness, inattention, and self-control over controls.89 Psychosomatic, social, and learning prob-

lems also improved. Pre-supplementation levels of fatty acids measured in red blood cell membranes 

were signifi cantly lower in ADHD patients as compared to normal controls. Post-supplementation 

levels of EPA and DHA signifi cantly increased and AA decreased.

A further study of 50 children with ADHD as well as symptoms suggestive of fatty acid defi ciency 

(thirst and skin problems) were randomized to receive 4 months of either olive oil or a mixture of 

480 mg DHA, 80 mg EPA, 40 mg AA, 96 mg GLA, and 24 mg alpha-tocopherol acetate.90 Changes 

in plasma and erythrocyte FA composition as well as improvements in ADHD behaviors were 

consistently observed for the treatment group more than the control group, with signifi cant changes 

on parent-rated conduct problems and teacher-rated attention symptoms. Also, more children had 

improvement in oppositional defi ant behaviors with the PUFA mixture compared with olive oil. 

For both groups, biochemical changes were related to improvements in behavior. Signifi cant cor-

relations were found for increasing erythrocyte EPA levels and decreasing parent-rated disruptive 

behavior, and for erythrocyte EPA and DHA levels and teacher-rated attention. Interestingly, sig-

nifi cant correlations were also observed between a decrease in scores for all four teacher subscales 

(hyperactivity, attention, conduct, and oppositional/defi ant disorder) and increase in erythrocyte 

alpha-tocopherol concentrations, suggesting an additional role for vitamin E.

L-Carnitine
Both l-carnitine and its esterifi ed form, acetyl-l-carnitine, have potential neuroprotective, neuro-

modulatory, and neurotrophic properties and have demonstrated improvements in cognitive pro-

cesses such as memory and learning.90 Frank carnitine defi ciency is known to have major deleterious 

effects on the central nervous system as well as other organ systems. L-carnitine has an important 

role in fatty acid metabolism and regulation.91,92 Acetyl-l-carnitine is more effi ciently incorporated 

into PUFA and is an important constituent of brain phospholipids.

Looking at this potential, l-carnitine was given to 26 boys with ADHD in an 8-week double-

blind, placebo-controlled, double-crossover study.92 Doses of 100 mg/kg daily were given twice 

after meals with a maximum of 4 grams daily. Improvements of 30% or more on two objective 

measures were seen in approximately half of the children. Of note, plasma-free carnitine and acetyl-

l-carnitine levels were signifi cantly different between responders and nonresponders after treatment 

(p < 0.03 and p < 0.05).

Most people obtain enough carnitine from their diet, but some may have dietary defi ciencies or 

cannot properly absorb it from food. Common food sources include red meat (particularly lamb) 

and dairy products. Carnitine is also found in fi sh, poultry, tempeh (fermented soybeans), wheat, 

asparagus, avocados, and peanut butter. Certain medications and low dietary levels of the amino 

acids lysine and methionine may cause defi ciencies. Dietary supplementation of l-carnitine does 

not appear to cause signifi cant side effects. Nausea, vomiting, diarrhea, and body odor have been 

reported in higher doses above 3 g/day.

Iron
Iron plays a role in regulation of dopaminergic activity and may therefore contribute to the physiopa-

thology of ADHD.93 Children with ADHD have been shown to have lower mean serum ferritin levels 
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than age and sex-matched controls.94 In addition, low serum ferritin levels corresponded to more 

severe behavioral symptoms.95,96 Even in the absence of anemia, iron supplementation may have 

an impact on ADHD symptoms. A pilot study of 14 boys with ADHD showed that administration 

of an iron preparation (Ferrocal) 5 mg/kg/day for 30 days had signifi cant increase in serum ferritin 

levels and signifi cant decreases on parent but not teacher rating scores.97 A recent 12-week placebo-

controlled study of oral ferrous sulfate 80 mg/day for 23 non-anemic children with low serum fer-

ritin levels (<30 ng/mL) showed improvement on parent- but not teacher-rated ADHD behavior on 

iron versus placebo.98

Restless legs syndrome (RLS) frequently occurs with iron defi ciency anemia and improves with 

iron supplementation.99 Pharmacologic and PET studies show that RLS is related to impaired dop-

aminergic transmission, in which iron plays a role. Given that RLS and ADHD may share common 

pathophysiological mechanisms it is not surprising that up to 26% of subjects with RLS have been 

found to have ADHD or ADHD symptoms and up to 44% of subjects with ADHD have been found 

to have RLS or RLS symptoms.100 In a small study of seven children with both ADHD and RLS, 

four of whom failed prior stimulant therapy, treatment with dopaminergic monotherapy improved 

both RLS symptoms as well as behavior and neuropsychological assessments.101

Manganese
Manganese (Mn) is an essential trace mineral that is obtained through the diet and excreted in bile. 

Some reports have shown high levels of Mn in hair of children with ADHD and studies have shown 

that Mn toxicity compromises dopamine metabolism.26,102 With soy-based infant formula having 

concentrations of Mn more than 2 to 50 times (depending on brand) the level of human milk and 

a high absorption in the neonate,103 the potential for neurotoxic consequences needs to be further 

evaluated.

Zinc
Zinc (Zn) is an important cofactor for metabolism related to neurotransmitters such as dopamine, 

fatty acids, prostaglandins, and melatonin.104,105 With a role in synthesis of complex omega-3 and 

omega-6 FAs, zinc defi ciency may further exacerbate problems related to these EFAs in children 

with ADHD.

In a population study, nearly one-third of children with ADHD had signifi cantly lower serum zinc 

levels than age- and sex-matched controls.106 This could not be explained by obvious factors concern-

ing diet, health, or medication status. Another study also found signifi cantly lower mean serum FA and 

mean serum zinc levels in 48 children with ADHD versus 45 children without ADHD.107

Other evidence suggests that zinc defi ciencies may also reduce the treatment response to stimu-

lants such as methylphenidate.105 A small study looking at 18 ADHD subjects by zinc status, showed 

a linear relationship with response to d-amphetamine whereas response to evening primrose oil 

yielded benefi t only in those with borderline zinc status.105 With mild zinc defi ciency, effect size for 

both treatments was diminished. Zinc sulfate may be useful as an adjunct to treatment with meth-

ylphenidate as shown in a double-blind placebo-controlled trial with signifi cant differences in both 

parent- and teacher-rated behaviors.108

Dietary zinc can be found in high-protein foods such as organ meats, seafood, especially shell-

fi sh, whole grains, and legumes.

Magnesium
In Poland, children with ADHD were commonly found to have defi ciency of magnesium in the 

hair, erythrocytes, and less often in plasma.109 Magnesium defi ciency also occurred more often 

among hyperactive children than among healthy children.110 When children with hyperactivity who 

were found to have magnesium defi ciency were given magnesium supplementation 200 mg/day for 

6 months, a decrease in hyperactivity was seen in those supplemented versus those who did not 

receive supplementation.111 In another study, 40 children with ADHD showed signifi cantly lower 
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erythrocyte Mg levels than controls.112 When given 6 mg/kg/d Mg with 0.6 mg/kg/d vitamin B6 

(pyridoxine) for 8 weeks, hyperactivity and aggressiveness were signifi cantly reduced and school 

attention increased along with an increase in erythrocyte Mg levels. Within a few weeks of stopping 

treatment, symptoms returned and Mg levels again decreased.

Amino Acids
Amino acids are the building blocks for neurotransmitters; therefore, low levels can lead to neu-

rotransmitter defi ciency. Pharmacological doses of dietary amino acids can increase brain levels 

of specifi c neurotransmitters,113 thus they can be used as a stand-alone treatment or to maintain 

effectiveness of medication.

Prior published trials using L-dopa alone, dl-phenylalanine alone, and l-tyrosine alone did not 

result in lasting therapeutic effect.114–116 In an unpublished abstract, Dr. Robert Neff reports retro-

spectively on 85 children using amino acid therapy with 70% reporting some relief from ADHD 

symptoms over 8 weeks. Thirty percent reported complete relief by week 5 and 33% by week 8. 

Although some of these children were taking stimulant medications as well, 35% not taking medi-

cation also reported full symptom relief by week 8.117

Increased production of dopamine is the main goal of amino acid therapy; however, preliminary 

studies suggest that amino acids need to be balanced in order to avoid depletion of other key neu-

rotransmitters. For example, the enzyme amino acid decarboxylase works to convert both L-dopa to 

dopamine and 5-HTP to serotonin. In addition, monoamine oxidase and catecholamine-O-methyl 

transferase enzymes metabolize both serotonin and dopamine. Therefore, administration of unop-

posed L-dopa will deplete serotonin as a result of increased metabolism without increased produc-

tion. L-dopa can be administered exogenously, but it is also synthesized from tyrosine which can 

keep dopamine levels stable. Tyrosine is also an important precursor, with reduced stimulant effects 

of amphetamines observed in individuals who had been made tyrosine defi cient.118Further evalua-

tion of amino acid therapy is needed. A double-blind placebo-controlled trial using balanced amino 

acids (tyrosine/5-HTP with cofactors including cysteine and selenium to prevent sulfur amino acid 

depletion) is underway in a large school district in Texas.

Measurement of urinary neurotransmitters refl ects those synthesized by the kidneys and excreted 

into the urine. Urinary neurotransmitters do not necessarily correlate with CNS levels; however, 

they can show response to administration of amino acids precursors. Optimal time for collection of 

urinary NT samples is 4 to 6 hours prior to bedtime due to diurnal variation with a low point at this 

time. As more is learned about testing for neurotransmitters and their amino acid precursors, better 

defi ned therapies may arise, but one must always treat the patient and not the lab value.

Other
Initial studies of other dietary supplements and nutritional products such as phosphatidylserine, 

pyridoxine, and thiamin have shown some promise, but should be studied more rigorously before 

recommending their use routinely.24,25,119-122

IV. PHARMACOLOGY

Numerous studies of stimulant medication for ADHD have demonstrated increased attention span, 

improved concentration, decreased excessive motor behavior, and improved social behavior when 

used alone or in conjunction with behavioral and cognitive interventions. Despite these robust ben-

efi ts, however, long-term academic performance does not appear to be improved.123 Approximately 

70% of patients will respond to the fi rst stimulant taken, with at least 80% responding if medications 

are tried systematically. Other medications used in treatment include amoxetine, tricyclic antide-

pressants (TCA), non-TCA antidepressants, clonidine, and buproprion.124

Up to 30% may not respond to stimulants. Side effects are common, including appetite suppres-

sion, headache, sleep disturbance, mood diffi culties, or exacerbation of tic disorders.125 In a study 
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examining attitudes of 40 students on medication ages 11 to 18 years regarding ADHD medications, 

64% reported some side effects.2 Reports of sudden death with stimulant use generated understand-

able concern, but the majority of reported cases occurred in children with preexisting structural 

cardiac abnormalities.

As some of the drugs used to treat ADHD are dopamine and norepinephrine reuptake inhibitors, 

chronic use of these medications may lead to increase in dopamine and norepinephrine metabolism. 

Therefore, amino acid precursors prevent further depletion by these drugs.*

Dextroamphetamine can increase blood levels of magnesium, which causes lowering of calcium 

to magnesium ratio in blood; therefore, one should also pay attention to micronutrients.

V. PATIENT EVALUATION

Initial evaluation of the patient should include interview, physical exam, and basic laboratory tests to 

assure the diagnosis and look for comorbid conditions. Initial tests may include evaluation for lead, iron 

status, and thyroid function. One may also consider additional laboratory tests to evaluate for potential 

nutrient defi ciencies such as zinc, magnesium, and carnitine. Measures of phospholipid metabolism 

looking for fatty acids in red blood cells and in plasma are offered through several commercial labs 

(Chapter 24, “Seizures”). Questionnaires highlighting symptoms of EFA defi ciency may be useful 

clinically.77 A few laboratories offer IgA, IgG, and IgM food sensitivity testing and non-IgE mediated 

food sensitivity may also be assessed with an elimination diet followed by controlled provocation.

Screening questionnaires focusing on the symptoms of inattention, hyperactivity, and impulsiv-

ity are useful in the initial evaluation as well as in following treatment effects. A large number of 

rating scales are available for assessment of ADHD, with each having unique characteristics.126

VI. TREATMENT RECOMMENDATIONS

Aside from standard pharmacologic and behavioral treatments, dietary recommendations should 

be addressed in the primary treatment plan. Additionally some alternative treatments of ADHD are 

effective or probably effective, but mainly for certain patients.

Many parents are ready to adopt diet as a treatment for their child’s behavior although adherence 

to a strict and demanding diet is a burden to the family. To prevent the child from feeling different, 

to reduce temptation, and to provide motivation, the whole family should be encouraged to partici-

pate. Initial dietary recommendations include eating a well-balanced, whole-foods diet, with mini-

mal processed and artifi cial foods. A consultation with a nutritionist may be helpful in reinforcing 

nutrient needs: complex carbohydrates as brain fuel, proteins for amino acids and neurotransmitters, 

vitamins and minerals as cofactors, healthful (non-trans), balanced (omega-3:6) fats, and water.

Encouraging families to pay attention to foods rich in the EFAs has the potential for a multitude 

of health benefi ts. The omega-3 fats should be emphasized and they are found in coldwater fi sh such 

as salmon. It is important, however, to avoid contamination of fi sh and fi sh oil products by methyl-

mercury, polychlorinated biphenyls, and dioxin. ALA is found in green vegetables and some nuts 

and seeds including fl ax, but conversion to EPA and DHA is limited in some individuals. Omega-6 

fats are generally abundant in the standard American diet with most vegetable oils rich in LA and 

dairy and meat products providing AA.

If food reactivities are suspected, an elimination or few foods diet may be employed as both 

a diagnostic and therapeutic tool. Such an approach takes dedication from the parent and child, 

and eating out such as in a school cafeteria or restaurant is practically impossible. The Feingold 

Association provides a helpful website that provides practical information on navigating eating both 

at home and out of the home using the Feingold Diet.

* http://www.neuroassist.com/DiseaseHomePage1.htm.
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VII. SUMMARY

Initial workup should address potential underlying medical conditions, considering the • 

potential for lead toxicity and thyroid disorders as well as evaluation of iron status.

When making dietary changes, do not single out the child unless there are specifi c allergies. • 

Instead, encourage the whole family to eat healthier.

Reinforce eating a well-balanced whole-foods-based diet, with minimal processed and • 

artifi cial foods.

Reduce sugary foods and beverages. Breakfast with complex carbohydrates and protein • 

can help maintain steady blood sugar levels.

If potential food reactivities are suspected, consider an elimination diet that is both diagnostic • 

and therapeutic. Other approaches are discussed in detail in Chapter 15, “Food Reactivities.”

Consider supplementation with omega-3 fatty acids with EPA and DHA 1 to 2 g/day and/• 

or encourage eating fatty fi sh three times a week. Chapter 24, “Seizures,” details a compre-

hensive diet and nutrient approach to balance fatty acids in cell membranes.

A trial of acetyl-l-carnitine 100 mg/kg daily with a maximum of 4 g daily may be helpful, • 

particularly if plasma carnitine is low.

Zinc and erythrocyte magnesium levels can be checked or add a high-quality multivitamin • 

with trace minerals especially if diet is poor.

Consider supplementation with B complex as essential cofactors for neurotransmitter pro-• 

duction, which are especially depleted in stress.

Evaluate sleep quality and quantity. Behavioral therapy and mind-body approaches can be • 

employed. Nutrients for sleep including an emerging role for amino acid interventions are 

detailed in Chapter 29, “Depression,” and Chapter 30, “Sleep Disturbance.”

All of the above may be used in combination with pharmacologic management. Physicians may 

also wish to utilize online patient resources and laboratory testing information.*
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26 Migraine Headaches

Food Triggers and 
Nutrient Therapies

Christina Sun-Edelstein, M.D., and Alexander Mauskop, M.D.

I. INTRODUCTION

Migraine is a common and disabling disorder that affects millions of Americans. It is also one of the 

most common ailments with which patients present to their primary care providers. Though a wide 

range of acute and preventive headache medications are now available, most patients will not have 

a signifi cant improvement in their headaches unless lifestyle modifi cations are made. These include 

sleep hygiene, stress management, aerobic exercise, and dietary modifi cation. In this chapter the role 

of food and nutrients in the treatment and prevention of migraine headaches will be discussed.

II. EPIDEMIOLOGY

Migraine is a common neurological disorder that affects 18% of women and 6% of men in the 

United States [1], and has an estimated worldwide prevalence of about 10% [2]. The prevalence 

of migraine rises throughout early adult life and falls after midlife. Population-based studies have 

reported that migraine is inherited, with a relative risk of migraine headache in a fi rst-degree fam-

ily member ranging from 1.4 to 1.9 [3, 4]. In monozygotic twins the concordance rates for migraine 

range from 37% to 52%, and 15% to 21% for dizygotic twins [5, 6]. These fi gures indicate that envi-

ronmental factors play a signifi cant role in migraine.

Of the migraine sufferers who consult a physician, about two-thirds visit primary care physi-

cians. Only 16% consult neurologists or headache specialists. These observations emphasize the 

importance of continuously improving the ability of primary care physicians to accurately diagnose 

migraine in their patients [7].

III. PATHOPHYSIOLOGY

Though the understanding of migraine pathophysiology has increased dramatically in recent years, 

the exact etiology remains to be defi ned. The current prevailing theory is based on a  hyperexcitable 

“trigeminovascular complex” in patients who are genetically predisposed to migraine. In these 

 people, there is a lowered threshold for migraine attacks and a vulnerability to environmental 

 triggers. The theory proposes that in susceptible individuals, the trigeminovascular neurons release 

neurotransmitters, such as calcitonin gene-related peptide (CGRP) and Substance P, when headache 

triggers are encountered. This leads to vasodilation, mast cell degranulation, increased  vascular 
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permeability, and meningeal edema, resulting in neurogenic infl ammation. This  nociceptive 

 information is transmitted from the trigeminal nerve to brainstem nuclei, thalamic nuclei, and the 

cortex, where migraine pain is ultimately perceived [8]. The locus coeruleus, which comprises nora-

drenergic neurons, the dorsal raphe, which consists of serotoninergic neurons, and the periaque-

ductal gray also play modulatory roles in the transmission of pain [9].

Mitochondrial dysfunction, which leads to impaired oxygen metabolism, has been speculated 

to play a role in migraine pathophysiology [10–12], as migraineurs have been shown to have a 

reduction in mitochondrial phosphorylation potential in intervals between headaches [13, 14]. This 

theory is the basis for the use of supplements that enhance mitochondrial function in the treatment 

of migraine, such as ribofl avin, coenzyme Q10 (CoQ10), and alpha lipoic acid.

IV. THE ROLE OF FOOD AND NUTRIENTS IN MIGRAINE

GLUCOSE DYSREGULATION

The importance of eating regularly cannot be overemphasized, as skipping meals can trigger head-

aches [15]. Skipped meals and fasting were reported migraine triggers in up to 57% of subjects in 

clinic and population-based studies [16–19]. While the mechanism by which fasting and skipping 

meals triggers headaches is unknown, several theories have been proposed. Alterations in sero-

tonin and norepinephrine in brainstem pathways could precipitate headache onset [20], as could the 

release of stress hormones such as cortisol. Hypoglycemia could potentially bring on a headache 

[9]. In one study [21] three-quarters of participants with migraine headaches demonstrated 5-hour 

glucose tolerance tests consistent with reactive hypoglycemia. Micronutrients involved in glucose 

regulation include chromium, biotin, magnesium, zinc, copper, vitamin E, and l-carnitine [22].

FOOD TRIGGERS

The recognition of dietary migraine triggers is important because it helps not only in reducing the 

frequency of migraine, but also in giving migraineurs a sense of control over a condition that can 

render them helpless and debilitated [9]. Although the scientifi c basis for many of these triggers 

remains controversial, it appears that subsets of migraineurs may be sensitive to them [9]. Patients 

should therefore be aware that the foods and substances listed in Table 26.1 [9, 17, 23–38] are 

potential migraine triggers. Caffeine and alcohol are discussed in detail because of their complex 

relationship to headache. Not all of the foods listed will trigger a migraine in any one individual. 

Headaches are generally triggered by a combination of substances, during a time of particular vul-

nerability such as menses or emotional stress. Food diaries are helpful in sorting out which sub-

stances or circumstances are problematic for each patient.

Alcohol
Alcohol, in particular red wine, is frequently cited as a migraine trigger. Wine contains tyramine, 

sulfi tes, histamine, and the phenolic fl avonoids, all of which can theoretically precipitate migraines 

[9]. Histamine may trigger headache via the release of nitric oxide from the vascular endothelium, 

resulting in vasodilation [35]. Phenolic fl avonoids in red wine have been shown to cause the release 

of serotonin from platelets, which may occur in parallel with the release of serotonin in the central 

nervous system, potentially leading to headache [36].

Alcohol hangover headache (AHH) is a common occurrence that generally occurs after ingesting 

large amounts of alcohol. In addition to headache, AHH comprises a constellation of physical, cog-

nitive, and psychological symptoms including anorexia, tremulousness, dizziness, nausea, tachycar-

dia, and irritability [39]. The headache usually occurs the morning after alcohol consumption, when 

the blood alcohol concentration is falling [40], and can continue for 24 hours after the blood alcohol 

concentration reaches zero. AHH is not always dose related and in fact occurs more commonly in 
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light or moderate drinkers than regular heavy drinkers [41–42]. In migraineurs, a migraine can be 

triggered the day after moderate alcohol ingestion, while nonmigraineurs usually need to consume 

large amounts in order to develop AHH.

Darker colored alcoholic beverages, such as red wine, bourbon, and beer contain congeners, which 

are natural byproducts of alcohol fermentation. These drinks are more likely to induce AHH as com-

pared to clear alcoholic beverages such as gin or vodka. The pathophysiology of AHH may involve 

a vasodilatory effect in the intracranial vasculature, alteration of sleep patterns, or an infl ammatory 

mechanism via an alteration of cytokine pathways and prostaglandin release [43–45]. Magnesium 

depletion may also play a role. Patients who are prone to AHH should be advised to drink in modera-

tion and stay well-hydrated. Eating greasy food prior to alcohol consumption may help to slow or 

delay alcohol absorption, and consuming foods naturally rich in fructose, such as honey and tomato 

juice, allows for more effective alcohol metabolism.

Caffeine
Caffeine is a common dietary substance found in coffee, tea, soda, and chocolate. It is also included 

in various prescription (Fioricet®, Fiorinal®, Esgic®) and over-the-counter headache medications 

(Excedrin®). Caffeine works via the blockade of inhibitory and excitatory adenosine receptors in the 

brain and vasculature, resulting in vasoconstriction and the release of excitatory neurotransmitters. 

Some of the involved pathways are important in pain perception [37–38].

Caffeine’s effect on the central nervous system varies with the dose and frequency of use. In gen-

eral, one serving of brewed coffee has 115 mg caffeine, while a serving of Pepsi has 38 mg. Excedrin 

contains 65 mg caffeine per tablet. At low to moderate doses (50 to 300 mg), caffeine causes increased 

alertness, concentration, and energy. At doses greater than 300 mg, anxiety, insomnia, and irritability 

can occur [9, 46]. Caffeine’s effect on headaches is paradoxical in that it can worsen or alleviate head-

aches, depending on dosage and frequency. When used infrequently, caffeine is effective in headache 

treatment because it has a mild, direct analgesic effect [47] and also assists in the absorption of other 

analgesics. It also crosses the blood-brain barrier quickly, and reaches therapeutic levels in the brain 

within 20 minutes. These characteristics make caffeine a useful component of combination analge-

sics (i.e., Fiorinal, Fioricet). High doses (>300 mg/day) consumed on a regular basis are associated 

with headache. Regular use of caffeine-containing analgesics is associated with medication-overuse 

headaches [48–50].

Headaches also occur with abrupt withdrawal of caffeine. The higher the level of baseline caf-

feine ingestion, the greater the likelihood of caffeine withdrawal headache, although these headaches 

can occur in patients consuming moderate amounts of caffeine [51], and when patients consuming 

100 mg caffeine daily stop abruptly [52]. Caffeine withdrawal is also associated with depression, 

drowsiness, and impaired concentration. Patients with headaches who wish to continue drinking 

caffeinated beverages should limit their daily intake to less than 200 mg. Patients who use caffeine-

containing analgesics should limit intake to 2 to 3 days per week to avoid medication-overuse 

headache. Those who wish to cease caffeine consumption should gradually taper their intake over 

several weeks [9]. Patients should also be aware that drinking grapefruit juice increases the time for 

caffeine metabolism, since it occupies the same enzyme. This may modify the effects of caffeine 

during periods of consumption and withdrawal.

NUTRIENTS

For many migraine sufferers, traditional acute and preventative medications such as triptans, anti-

 infl ammatories, antiepileptics, blood pressure medications, and antidepressants are contraindicated, or 

have side effects that limit their use. Over-the-counter medications such as acetaminophen or ibuprofen 

tend to become less effective in alleviating headaches over time, and can lead to medication- overuse 

headache. For these reasons, migraineurs often seek alternative treatment options. In recent years 

there has been an increasing demand for natural therapies for common ailments such as headache.
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Magnesium
Magnesium is an essential cation that plays a vital role in multiple physiological processes, regulating tis-

sue and cell functions. Defi cits in magnesium can be seen in any chronic medical illness, including car-

diovascular disease, diabetes, pre-eclampsia, eclampsia, sickle cell disease, and chronic alcoholism [53]. 

Symptoms of magnesium defi ciency include premenstrual syndrome, leg muscle cramps, coldness 

of extremities, weakness, anorexia, nausea, digestive disorders, lack of coordination, and confusion. 

Mag nesium may be involved in migraine pathogenesis by counteracting vasospasm, inhibiting platelet 

aggregation, and stabilizing of cell membranes [54]. Its concentration infl uences serotonin receptors, 

nitric oxide synthesis and release, infl ammatory mediators, and various other migraine-related  receptors 

and neurotransmitters [55]. Magnesium also plays a role in the control of vascular tone and reactivity

to endogenous hormones and neurotransmitters, via its relationship with the N-methyl D-aspartate 

(NMDA) receptor [56–57]. In the brain, a defi ciency of magnesium results in contraction and potentia-

tion of vasoconstrictors [58].

Studies have shown that migraineurs have low brain magnesium during migraine attacks [59] and 

may also have a systemic magnesium defi ciency [60, 61]. Furthermore, a defi ciency of magnesium 

may play a particularly important role in menstrual migraine [62]. There have been two double-blind, 

placebo-controlled trials that have shown that oral magnesium supplementation is effective in headache 

prevention [63–64]. A third study [65] was negative, but this result has been attributed to the use of a 

poorly absorbed magnesium salt, since diarrhea occurred in almost half of patients in the treatment 

group. Intravenous magnesium has been shown to be an effective migraine abortive agent in patients 

with low ionized magnesium levels, but not in those with normal levels [66]. The most commonly 

reported adverse effect of magnesium supplementation is diarrhea.

A potential nutrient-nutrient interaction occurs between magnesium and calcium supplements. 

Women of childbearing age are advised to take calcium supplements for bone health. Calcium supple-

ments that do not also contain magnesium can reduce the absorption of magnesium since the two 

minerals compete for absorption. Often women who take calcium without magnesium experience con-

stipation, which should alert physicians to the presence of supplement-induced low magnesium.

Ribofl avin
Ribofl avin, also known as vitamin B2, is a precursor for fl avin mononucleotides that are cofactors in 

the Krebs cycle. It is essential for membrane stability and the maintenance of energy-related  cellular 

functions [67]. A randomized controlled trial evaluating the use of ribofl avin (400 mg) as a migraine 

prophylactic agent with a total of 128 subjects was positive [68]. Minor adverse reactions included 

diarrhea and polyuria.

CoQ10
CoQ10 is an endogenous enzyme cofactor made by all cells in the body, functioning to promote 

mitochondrial proton-electron translocation. It has been used in the treatment of mitochondriopa-

thies and mitochondrial encephalomyopathies such as Kearns-Sayre syndrome, and is being inves-

tigated for use in neurodegenerative disorders, cancer, and blood pressure management.

In an open label study [69] in which 31 patients with migraine, with and without aura, used 150 mg 

daily of CoQ10 for 3 months, 61% had at least a 50% reduction in migraine days without signifi cant 

adverse events. Supplementation was effective within the fi rst month of therapy. Later, a small ran-

domized controlled trial [70] was conducted over 3 months with 42 patients. CoQ10, in a dose of 100 

mg three times daily, signifi cantly decreased attack frequency, headache days, and days with nausea. 

Nausea, anorexia, dyspepsia, diarrhea, and cutaneous allergy were reported, but at a low rate [69–70].

Alpha Lipoic Acid
Like ribofl avin and CoQ10, alpha lipoic acid, also known as thioctic acid, is a nutrient that enhances 

mitochondrial oxygen metabolism and adenosine triphosphate (ATP) production [71], with very few 

adverse effects. Supplementation has resulted in clinical and biochemical improvement in several 
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mitochondriopathies [71–73]. Its use in migraine prevention has been evaluated in one open pilot 

study [unpublished data, discussed in reference 74] and one randomized placebo-controlled trial 

(RCT) [74] to date.

Although there was a clear trend for reduction of migraine frequency after treatment with 600 mg 

alpha lipoic acid in the RCT, the result was not signifi cant. The authors attributed the equivocal result 

to the fact that the study was underpowered. Within-group analyses did show a signifi cant reduction 

in attack frequency, headache days, and headache severity in patients in the treatment group.

HERBAL SUPPLEMENTS

Feverfew (Tanacetum parthenium)
Feverfew is an herbal preparation that is available as the dried leaves of the weed plant Tanacetum 
parthenium. It was used to treat headache, infl ammation, and fever several centuries ago, and was 

rediscovered in the late 20th century. The mechanism by which it works in migraine prophylaxis may 

be related to the parthenolides within the leaves. These may inhibit serotonin release from platelets 

and white blood cells, and inhibit platelet aggregation. Feverfew may also have anti-infl ammatory 

action through the inhibition of prostaglandin synthesis and phospholipase A [75–78].

Randomized controlled studies conducted over the past few decades have yielded confl icting results 

[79–83]. Inconsistencies in these results were possibility related to the fact that different preparations 

have been found to vary more than 400% in the strength of the active ingredient, parthenolide [84], and 

different methods of feverfew extraction have resulted in differences in extract stability [85]. Taking 

into account these variables, a new, more stable feverfew extract (MIG-99) was evaluated in a three-

arm randomized controlled trial (2.08 mg, 6.25 mg, 18.75 mg TID versus placebo) [86]. Although 

none of the doses were signifi cant for the primary endpoint, a subset of patients with high frequency 

of migraine attacks did seem to benefi t. In a follow-up study, investigators evaluated 6.25 mg TID of 

MIG-99 versus placebo, and reported a statistically signifi cant and clinically relevant reduction in 

migraine frequency in the MIG-99 group. While MIG-99 may be mildly effective, there are no known 

commercially available preparations [67]. Side effects reported in the RCTs include gastrointestinal 

disturbances, mouth ulcers, and a “post-feverfew syndrome” of joint aches.

Butterbur (Petasites hybridus)
In recent years, Petasites hybridus root extract, also known as butterbur, has emerged as a potential 

new treatment in the prevention of migraine. The butterbur plant is a perennial shrub that was used 

in ancient times for its medicinal properties. It was rediscovered in the middle of the 20th century 

and used as an analgesic and antispasmodic agent for migraine, asthma, urinary tract spasm, and 

back pain [87–91]. Petasites is thought to act through calcium channel regulation and inhibition of 

peptide- leukotriene biosynthesis. Leukotrienes and other infl ammatory mediators may have a role 

in the infl ammatory cascade associated with migraine [92–94]. Petasites is also used to ameliorate 

allergic rhinitis, which has a similar pathophysiology. In the United States, the Petasites extract is 

marketed as a food supplement called Petadolex, which contains 50 mg of Petasites per capsule.

Several studies have been conducted to evaluate the effi cacy of Petasites hybridus in migraine 

prevention. A randomized, double-blind, placebo-controlled trial [87] using 50 mg of Petadolex 

twice daily showed a signifi cantly reduced number of migraine attacks and migraine days per month. 

Lipton and colleagues [95] compared Petasites extract 75 mg twice daily, Petasites extract 50 mg 

twice daily, and placebo twice daily in a randomized trial of 245 patients and found that the higher 

dose of Petasites extract was more effective than placebo in decreasing the number of monthly migraine 

attacks. A multicenter prospective open-label study [96] of Petadolex in 109 children and adolescents 

with migraine resulted in 77% of all patients reporting a reduction in migraine frequency of at least 

50%. In all three studies, Petadolex was well-tolerated and no serious adverse events occurred. The 

most frequently reported adverse reactions were mild gastrointestinal symptoms, predominantly eruc-

tation (burping).
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Other
Ginger has been used for its medicinal qualities in China for centuries, in the treatment of pain, 

infl ammation, and musculoskeletal symptoms. It has anti-infl ammatory qualities that could be related 

to the reduction of platelet aggregation and the inhibition of prostaglandin and leukotriene biosynthe-

sis [97]. There are anecdotal and folkloric descriptions of its effi cacy in relieving headache.

Valerian root is a perennial herb that is used for its sedative and hypnotic qualities, especially in 

insomniacs [98]. The effective dose for insomnia is 300 to 600 mg, which is equivalent to 2 to 3 g 

of dried herbal valerian root soaked in one cup of hot water for 10 to 15 minutes [99]. In migraine 

patients with anxiety, it may be preferable to benzodiazepines as it is not associated with sleepiness 

on awakening. At high doses, it is associated with headaches and muscle spasm.

DIETARY FAT COMPOSITION

Eicosapentaenoic acid (EPA), an unsaturated fatty acid that is one of the body’s natural omega-3 fatty 

acids, may also be useful in headache prevention. Small studies [100] have suggested that headache 

severity and frequency can be reduced by adding EPA to the diet, possibly by lowering prostaglandin 

levels and serotonin activity. A dose of 600 mg/day in three divided doses has been suggested for head-

ache prevention [101–102]. Foods richest in EPA are fi sh that inhabit cold deep water, such as salmon, 

tuna, mackerel, and herring. A high disproportion of dietary omega-6 fats, consumption of trans fats, 

and an impairment in the conversion of dietary omega-3 fats into EPA all suggest a defi cit in EPA. 

Dietary changes can reduce or obviate the need for EPA supplementation long-term.

V. MIGRAINE AND COMORBID CONDITIONS

GENERAL INFORMATION

Migraine is comorbid with numerous medical conditions, some of which are well-defi ned medical 

disorders (stroke, hypertension, hypothyroidism, asthma, allergies, and endometriosis), and others 

of which are idiopathic symptomatic medical conditions (irritable bowel syndrome, fi bromyalgia, 

chronic fatigue syndrome, interstitial cystitis, and pelvic pain) [103–111]. Psychiatric comorbidities 

have been described as well [112–113]. A putative neurobiological link has been suggested [114] 

because of the bidirectional link between migraine and many of these disorders.

A recent retrospective chart review of 223 patients seen at a university headache clinic [115] showed 

that among patients presenting for evaluation at a specialty headache center, there are two groups of 

migraine comorbid conditions, in addition to a group characterized by a lack of comorbidities. One of 

the groups had a strong association with metabolic disorders such as diabetes mellitus (DM), hyper-

tension (HTN), and hypercholesterolemia, while the other group was defi ned by a link with fi bromy-

algia, depression, and anxiety.

MOOD DISORDERS, MIGRAINE, AND OBESITY

Migraine has been linked to mood disorders in both community and clinic-based studies [116]. While 

the association between migraine and depression has been most widely reported, migraine is also 

linked to anxiety disorders and bipolar disorder [116]. Large-scale population studies [117–120] have 

shown that migraineurs are 2.2 to 4.0 times more likely to have depression, and other studies have 

reported that the relationship between the two disorders is bidirectional, with each disorder increasing 

the risk for the other [112, 121–122].

Depression and anxiety are also strongly associated with obesity [123–129], and obesity is associ-

ated with migraine. Longitudinal population-based studies have shown that obesity is a risk factor 

for developing chronic daily headache [130], and, in people with episodic migraine, body mass index 

(BMI) is associated with migraine attack frequency and severity [131]. A recent cross-sectional mul-

ticenter study [132] on comorbid conditions in headache clinic patients showed that both depression 
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and anxiety were more common in obese subjects, and both depression and anxiety modifi ed the 

strength of the relationship of obesity with migraine frequency and disability.

The above relationships between obesity, depression, anxiety, and chronic, disabling migraine are 

suggestive of a common pathogenetic pathway among the disorders [132]. A proinfl ammatory mecha-

nism has been proposed to explain the relationship between obesity and migraine [130–133], and a 

neurobiological link mediated by common brain monoamines and peptides has been proposed as the 

connection between mood disorders, migraine, and the regulation of body weight [132, 134–135]. 

Alterations in the hypothalamic-pituitary-adrenal system may also be involved [132, 136–139].

MIGRAINE, VASCULAR AND RELATED METABOLIC DISORDERS

Migraine has been associated with a constellation of metabolic disorders (DM, HTN, hypercho-

lesterolemia) [115], all of which are risk factors for cardiac and cerebrovascular disease. While 

migraine with aura had not been associated with early-onset coronary heart disease in large cohort 

studies [140–143], two recent large-scale prospective cohort studies [144–145] found positive rela-

tionships between migraine and ischemic heart disease. Women who reported a history of migraine 

without aura did not have an increased risk for any ischemic vascular events.

The link between migraine and ischemic stroke has been well-described in both clinic and popu-

lation-based studies. Recently, two large-scale prospective cohort studies [146–147] were published. 

The Women’s Health Study [146], with over 39,000 participants, found a 1.7-fold increased risk for 

ischemic stroke in women with migraine with aura as compared to women without migraine, with 

the risk being strongest in women ages 45 to 55 years. This risk was not seen in older women or 

those with migraine without aura. The Atherosclerosis Risk in Communities Study [147] with over 

12,000 subjects over age 55 found that migraineurs with aura had a 1.8-fold increased risk of isch-

emic stroke compared to those without migraine or other headache. This result did not reach statis-

tical signifi cance, which may be explained by vague diagnostic terminology used in the study. The 

evidence is most convincing for younger women with migraine with aura, although the migraine 

and stroke relationship may also apply to older individuals. Stroke risk is signifi cantly increased by 

smoking and the use of oral contraceptives [148–150].

MIGRAINE, IRRITABLE BOWEL SYNDROME, AND CELIAC DISEASE

Irritable bowel syndrome (IBS) is a chronic, functional gastrointestinal disorder in which episodic 

attacks are marked by abdominal discomfort and alterations in bowel movements (constipation, diar-

rhea, or alternating periods of both) [151]. IBS patients tend to have a higher likelihood of comorbid 

“affective spectrum disorders” or “functional somatic syndromes,” which include migraine, fi bro-

myalgia, and depression [152–153] and a familial association among patients with IBS, migraine, 

depression, and fi bromyalgia has also been noted [154]. More recently, a prevalence study [155] of 

migraine, fi bromyalgia, and depression in people with IBS showed that for migraine, subjects in the 

IBS cohort had a 60% higher odds compared to non-IBS subjects.

Celiac disease is a gluten-sensitive enteropathy characterized by malabsorption and weight loss, 

which can be reversed with a gluten-free diet. Gluten is a component of foods with wheat, barley, 

and rye [156]. While there have been several studies [157–159] evaluating the association between 

migraine and celiac disease, the evidence is inconclusive. However, in migraine patients with prom-

inent gastrointestinal features, IBS and celiac disease should be considered.

MIGRAINE AND RESTLESS LEG SYNDROME

Restless Leg Syndrome (RLS) is a disorder characterized by sensory symptoms and motor distur-

bances of the limbs, usually when at rest. These features include: a desire to move the limbs, often 

associated with paresthesia or dysesthesia, exacerbation of symptoms at rest and relief with activity, 
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motor restlessness, and nocturnal worsening of symptoms [160]. While most cases are idiopathic, 

RLS may be secondary to iron defi ciency, peripheral neuropathy, and renal disease, especially in 

patients with later onset of symptoms [161–163]. Iron defi ciency should therefore be ruled out with 

serum ferritin levels in patients presenting with RLS.

A recent case-control study [164] showed that RLS occurs more frequently in patients with migraine 

than those without, and older age and longer duration of migraine may raise the risk of RLS. Age and 

duration of migraine merit special consideration when evaluating those patients because the RLS may 

be secondary to iron defi ciency, as noted above, or renal insuffi ciency resulting from long-time use of 

headache medications.

A dysfunctional dopaminergic system might explain the relationship between migraine and RLS, 

and a common genetic factor for both disorders may be established with future studies.

VI. TREATMENT RECOMMENDATIONS

Reactive hypoglycemia should be suspected in migraineurs who crave sweets, or develop head-

aches after fasting. Those patients should be advised to avoid refi ned sugar and eat frequent meals. 

Increasing protein, complex carbohydrates, and fi ber in the diet may also be benefi cial in preventing 

hypoglycemia [22].

Given the data discussed above, the most effective supplements for headache prevention are mag-

nesium and Petasites hybridus. Second-line supplements in migraine prevention include feverfew, 

CoQ10, ribofl avin, and alpha lipoic acid. Though gastrointestinal side effects have been reported 

with these supplements, they are generally well-tolerated and appeal to patients who prefer natural 

therapies to traditional prescription medications. In addition, some of the supplements may be espe-

cially benefi cial in patients who have relevant comorbid conditions. For example, ribofl avin may 

provide an added benefi t in patients with cheilosis.

Oral magnesium supplementation may be benefi cial for many migraineurs with frequent head-

aches, especially those with menstrual migraine. Magnesium oxide, chelated magnesium, and slow-

release magnesium are the recommended formulations as they are likely to be the best absorbed. 

Daily supplementation with 400 mg should be used for at least 3 months. Diarrhea may be a limiting 

adverse effect in some patients.

Intravenous magnesium (1 g magnesium sulfate in 10 mL normal saline), given within 1 week 

of menstruation, is an option for women with menstrual migraines who do not respond to oral 

supplementation. Patients with nonmenstrual migraines can also be given magnesium infusions on 

an as-needed or monthly basis if they do not respond to oral magnesium or have gastrointestinal 

side effects from oral dosing.

The relationship between migraine, vascular, and metabolic disorders emphasizes the impor-

tance of addressing and treating modifi able risk factors such as obesity, hypertension, high choles-

terol, and diabetes mellitus early, and with a multidisciplinary approach that includes nutritional 

recommendations. RLS, irritable bowel syndrome, and celiac disease are other potential comorbid 

conditions with nutritional implications.

VII. SPECIAL CONSIDERATIONS

PEDIATRIC MIGRAINE

Migraine headaches are not limited to the adult population. Childhood migraine can be severe 

and debilitating, and is associated with missed days of school, anxiety, and depression [165–166]. 

Among children, the prevalence of migraine has been increasing over the past few decades, much 

more so than that in adults [167–168]. Although the cause of this increase is not known, dietary 

trends of increased caffeine consumption, aspartame in diet drinks, and underage drinking are 

likely to play a role [169].
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Pediatric migraine differs from adult migraine in that attacks tend to be shorter in duration 

[170]. Anorexia, abdominal pain, and vomiting are prominent features, occurring in 90% of patients 

[171–172]. These features affect treatment options in that gastroparesis from nausea and vomiting 

may limit the use of oral analgesics, and the shorter headache duration means that symptoms may 

resolve even before oral analgesics reach therapeutic levels. Furthermore, the cognitive side effects 

of migraine-preventive drugs are particularly problematic in children. For these reasons dietary 

modifi cation in this population cannot be overemphasized.

As with adult migraineurs, pediatric migraineurs and their parents should be counseled regard-

ing potential food triggers. In addition to the triggers described earlier in this chapter, food dyes 

and frozen foods or snacks may be particularly relevant to the pediatric population. Food diaries 

should be kept for these patients, and a well-balanced diet without fasting or skipping meals is 

strongly advised [169]. Other nonpharmacologic therapies such as biofeedback are also indicated 

in the treatment of pediatric migraine. For those children who continue to have frequent debilitat-

ing headaches, the supplements described above may be a more palatable option than prescription 

medications.

PREGNANCY

Pregnancy also warrants special consideration in the treatment of the migraineur. While migraines 

generally improve during pregnancy, headaches may worsen or remain the same in some women 

[173]. In particular, women may experience an increase in headaches during the fi rst trimester, trig-

gered by wide fl uctuations in estrogen levels. After the fi rst trimester, headaches generally improve 

due to a stabilization in estrogen levels.

VIII. SUMMARY

Reactive hypoglycemia is a poorly recognized but important migraine trigger. This is a challenge 

since excess weight predisposes to migraines and losing the weight often involves eating less to the 

point that blood glucose dips. Patients are advised to eat smaller, more frequent meals, with more 

protein, complex carbohydrates, and fi ber. Glucose tolerance testing may be warranted in those who 

continue to have symptoms.

Food allergies are addressed as per the protocol outlined in Chapter 15, “Food Reactivities.” 

Migraineurs should be aware of potential food triggers, and advised to avoid the foods and food 

components listed in Table 26.1.

Of the herbal supplements, we most commonly use magnesium oxide, chelated or slow-release 

magnesium in a dose of 400 mg daily, and butterbur in a dose of 50 mg three times daily for 

migraine prevention. Feverfew, CoQ10, and ribofl avin are other options for migraine prophylaxis. 

While we do use magnesium during pregnancy, butterbur and most other herbal preparations should 

be avoided in pregnant women.

Nonpharmacologic measures are particularly important in pediatric migraine, given the shorter 

headache duration in children and prominent nausea and vomiting. We emphasize the avoidance of 

food triggers and skipped meals, and recommend magnesium, CoQ10, feverfew, as well as biofeed-

back in these patients.
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I. INTRODUCTION

Primary care physicians are often asked by their baby boomer patients as to what food or supplements 

may best prevent their risk of developing Alzheimer’s disease (AD). Some arrive with bags fi lled with 

different bottles containing anything from Chinese herbs to vitamins and minerals, and would like 

to know which can best keep their brain healthy and ward off cognitive deterioration that comes with 

aging. This chapter presents food and nutrients that hold promise in the prevention of AD.

II. EPIDEMIOLOGY

Currently 5 million Americans suffer from AD. Many of the 78 million baby boomers in the United 

States have concerns about developing memory loss and AD. With the aging population, AD has 

become a concern not only in the United States, but also all across the world. By the year 2050, the 

number of patients with AD will be fi ve times higher than it is now; approximately 106 million will 

suffer from it. As the number of elderly who live into their 80s and 90s increases, the resources for 

caring for patients with dementia diminishes. The growing epidemic of AD poses a major public 

health challenge in the world, and may be considered like a slow-growing tsunami, with the poten-

tial to destroy many health care systems. In the meantime, governments and individuals are seeking 

natural and safe remedies to ward off dementia.

III. PATHOPHYSIOLOGY

With the increasing interest in the prevention of AD, thousands of scientists around the world are 

focused on understanding why some individuals live to their 80s and 90s and remain sharp while 

others develop disabling memory loss in their 60s and 70s. A few general pictures have emerged.

ACQUISITION OF PLAQUES AND TANGLES

Aggregation of amyloid peptide into plaques and phosphorylated tau in tangles in axons are major 

cornerstones of AD research. In animal studies, genetic manipulations that lead to accumulation of 

excessive amounts of amyloid lead to dementia and diffi culty with memory. Axonal damage with 
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accumulation of phosphorylated tau equally leads to loss of cognitive function. The combination of 

amyloid plaques and tau tangles is commonly seen in patients with AD.

VASCULAR RISK FACTORS AND INSULIN RESISTANCE

Recent evidence suggests that plaques and tangles are not the only factors leading to AD. Many 

patients can harbor large amounts of plaques and tangles in their brain and yet have no cognitive 

limitation and complain of only mild memory problems. Others may have few plaques and tangles 

in their brain and yet lose their memory and cognitive abilities in their 60s and 70s. The factor that 

explains the discrepancy in the relationship between AD pathology and routine performance on 

daily tasks appears to be vascular issues. Patients who have high blood pressure, diabetes, and obe-

sity are far more likely to become demented with small amounts of plaques and tangles. Those who 

have AD pathology in their brain, but who do not have signifi cant numbers of vascular risk factors, 

function well for a longer period of time before they show symptoms of dementia.

Diabetes may affect the brain in ways other than narrowing the blood vessels with atherosclerotic 

plaques. Insulin in the brain has two separate functions. It helps with uptake of glucose into neurons, 

and also helps to break down amyloid peptide. In type 2 diabetes, when insulin levels rise, insulin 

resistance takes place in all organs including the brain, in part as a result of compensatory changes 

in the blood-brain barrier. This means that less glucose becomes available to neurons and more 

amyloid builds up into plaques, thus causing more injury and infl ammation inside the brain.

More recently, epidemiological studies have indicated that presence of congestive heart fail-

ure, renal failure, or liver disease contributes to a decline in cognitive abilities. Patients who have 

multiple chronic diseases are far more likely to experience memory loss earlier in life. Those who 

remain healthy and fi t, those who take very few medications, and those who exercise regularly seem 

to ward off AD well into their late 80s and 90s.

OXIDATION AND INFLAMMATION

Several lines of evidence implicate oxidative stress as a primary event in the development and progres-

sion of AD. Beta-amyloid and tau proteins, pathological hallmarks of AD, may induce oxidative stress 

known to contribute to damage and degeneration of neuronal cells [1]. Antioxidants may reduce neu-

ronal damage from oxidative stress by inhibiting the generation of reactive oxygen species, lipid per-

oxidation and aggregation, damage to cell membranes and DNA, apoptosis, and beta-amyloid toxicity. 

Dozens of studies have shown that markers for infl ammations are elevated in patients with dementia. 

Patients with rheumatoid arthritis who take NSAIDs on a regular basis are less likely to develop AD 

than are patients with similar profi les who do not take anti-infl ammatory medications. These observa-

tions have fueled research into fi nding food ingredients that would reduce infl ammation.

IV. EVIDENCE FOR FOOD AND NUTRIENT TREATMENTS

Now that the pathophysiology of AD points to vascular risk factors, ischemia, accumulation of 

plaques and tangles, and high degrees of infl ammation, scientists have asked whether food can play 

a role in prevention of dementia. It appears that diets that reduce coronary artery disease are likely 

to keep the blood vessels in the brain healthy as well. Foods that are known to have antioxidant 

components may indeed prove to be benefi cial in reducing the infl ammatory response in the brains 

of patients who have memory loss. In this chapter, we will focus on diet and supplements that have 

the strongest evidence for prevention of dementia.

FISH, OMEGA-3 FATTY ACIDS, AND DHA

A great body of evidence suggests a role for omega-3 fatty acids in neuronal function and  development, 

neurodegeneration, and neuroprotection. Omega-3 fatty acids, including docosahexaenoic acid (DHA), 
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are essential for neuronal growth, help in development of synapses between neurons, regulate gene 

expression and neurotransmission, and modulate ion channels [2–5]. In addition, animal studies suggest 

that omega-3 fatty acids are essential for normal brain development in the fetal and early postnatal 

period [6, 7]. With aging, DHA levels in the brain tend to decrease [8, 9], suggesting that this change 

may be associated with age-related changes in cognition and central nervous system function. Animal 

studies have confi rmed this hypothesis. Animals with low DHA diets show signifi cant defi cits in cogni-

tive function compared to their counterparts with high DHA diets [10, 11].

Several proposed mechanisms support omega-3 fatty acids’ role in prevention of dementia. First, 

cardiovascular disease is highly associated with dementia and populations with high omega-3 fatty acid 

diets, such as the Inuit population, have signifi cantly decreased rates of cardiovascular disease. Omega-3 

fatty acids may protect against dementia by reducing cardiovascular disease [12]. Second, increased 

infl ammation and pro-infl ammatory factors are also highly associated with dementia. Omega-3 fatty 

acids attenuate infl ammation by inhibiting the arachidonic acid conversion to pro-infl ammatory factors 

and may protect against dementia because of these anti-infl ammatory properties [13]. Third, omega-3 

fatty acids reduce production of beta-amyloid, a compound whose abnormal accumulation in plaques is 

a pathologic hallmark of AD, and increase its clearance in mouse models of AD [14].

Epidemiologic studies suggest that higher DHA intake is associated with a reduced risk of cogni-

tive impairment [15–20]. In the Chicago Health and Aging Project, a large prospective cohort study 

with almost 4 years of follow-up, participants who consumed fi sh at least once a week had 60% 

reduction in risk of developing AD by the end of the follow-up period (p-value = <0.05) [18]. In the 

Framingham Heart Study, increased plasma levels of DHA-containing phospholipids was associ-

ated with a 47% reduction in the risk of developing all-cause dementia (p = 0.04) [19]. Being obser-

vational in nature, such studies cannot fully control for the effects of other potentially confounding 

factors. However, when taken together, results of these studies provide evidence for a possible ben-

efi t from DHA in the form of food or supplements in late-life cognitive health.

A randomized controlled trial of DHA supplementation among 174 participants with cognitive 

decline in Sweden [21] showed no change in rate of cognitive decline assessed by the modifi ed 

mini-mental state examination (MMSE) or cognitive portion of the AD Assessment Scale between 

those who received DHA supplementation and those who received placebo. This randomized study 

had well-defi ned outcomes, was double blind, and monitored compliance effectively with serum 

DHA level measurements. However, it was a relatively small study, had a short duration of therapy 

(6 months), and suffered from a referral bias due to the different environment and diet of patients 

in Sweden. However, a subgroup (n = 32) of patients with AD and MMSE scores >27 who received 

DHA had statistically signifi cant reduction in MMSE decline when compared with those taking 

the placebo. This result suggests that DHA supplementation or diet intake of approximately 1.5 to 

2.0 g of DHA per day in patients with mild cognitive impairment or very mild AD may reduce the 

rate of progression of AD.

Larger scale clinical trials examining the effects of DHA supplementation in preventing AD and 

its progression are needed. Three randomized trials, the OPAL (Older People And n-3 Long chain 

polyunsaturated fatty acids [22]), MEMO (Mental health in Elderly Maintained with Omega-3 [23]), 

and DHA in Slowing the Progression of AD [24], are ongoing or near completion. These trials will 

ascertain the effi cacy of DHA supplementation in primary or secondary prevention of AD. Given the 

potential benefi t of attenuating cognitive decline, especially in patients with mild cognitive impair-

ment or very mild AD, and the favorable safety profi le of DHA supplementation [20, 25] clinicians 

may consider recommending DHA, while awaiting the results of the ongoing clinical trials.

ANTIOXIDANTS INCLUDING VITAMIN E, VITAMIN C, AND SELENIUM

Antioxidants are more likely to be benefi cial in combinations, as found naturally in a balanced diet 

that contains ample fruits and vegetables. It is of interest to note that doses of dietary supplements 

often far exceed the highest levels achieved by usual dietary intake, and that such high doses may be 

associated with increased risk of adverse health outcomes among at-risk subgroups.
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Fruits and vegetables are a rich source of many antioxidants including vitamin C and beta-carotene, 

along with other essential nutrients likely benefi cial for cognitive health. Few adults consume the rec-

ommended amounts of fruits and vegetables. The current More Matters campaign emphasizes the need 

of most Americans to consume more fruits and vegetables for optimal health. Dietary Guidelines for 
Americans, a 2005 publication, recommends 2.5 cups of vegetables and 2 cups of fruit per day based 

on a 2000 calorie diet.

Although fruits and vegetables are nutrient-dense sources of most antioxidants, they are, for the 

most part, not a rich source of vitamin E, a potent fat-soluble antioxidant that exists in eight dif-

ferent forms including 4 (alpha, beta, gamma, and delta) tocopherols and 4 tocotrienols. The most 

nutrient-dense food sources of vitamin E include minimally processed vegetable oils, nuts, whole 

grains, and green leafy vegetables. Natural whole foods provide a good source of all forms of vita-

min E. However, supplements and foods enriched or fortifi ed with vitamin E typically contain only 

the alpha tocopherol form of the vitamin, often in a form (all racemic alpha-tocopherol) that is less 

bioavailable than its natural counterpart.

Antioxidant nutrients such as vitamin E (mixed tocopherols and tocotrienols), vitamin C, and 

vitamin A in the form of beta-carotene work to protect neural cells from oxidative damage by 

donating a lone electron and thereby neutralizing reactive oxygen species. Alternatively, minerals 

such as selenium are said to have antioxidant function because they serve as cofactors for impor-

tant antioxidant enzymes. Biological evidence supports synergistic relationships between multiple 

antioxidants. The following example illustrates this point. Vitamin E, a fat-soluble nutrient, readily 

donates electrons to neutralize reactive oxygen species and may be especially important in protect-

ing lipid membranes in the oxygen-rich environment of the brain. In the process of neutralizing free 

radicals, vitamin E becomes oxidized, itself losing its oxidative ability; vitamin C, a water-soluble 

nutrient, readily donates electrons to vitamin E to restore its oxidative ability. Selenium is essential 

for the activity of glutathione peroxidase, the enzyme responsible for the catabolism of hydrogen 

peroxide and other organic peroxides that contribute to oxidative stress.

Despite the biological plausibility and vast amount of experimental evidence that antioxidants pro-

tect neurons from oxidative stress and reduce markers of AD, evidence from human observational 

studies is less clear. Several groups have examined associations between both food and supplemental 

sources of antioxidants and risk of AD or other dementias among large population-based cohorts. At 

least seven studies have examined supplemental intake of antioxidants on risk of dementia, with three 

of the seven [26–28] fi nding benefi cial effects of antioxidant supplements. However, even these fi nd-

ings are somewhat inconsistent in that one study observed protective effects for only high dose vitamin 

E and C combined [28], and another found protective effects for vascular dementia but not AD [27]. 

Methodological differences of observational studies, such as what dose, form of nutrient, and frequency 

of intake defi nes the supplemented group, make it diffi cult to compare results across studies.

Four large prospective studies have examined associations between food sources of antioxidants 

and risk of dementia [26, 29, 30, 31]. One study among a cohort of elderly men and women resid-

ing in a biracial community who reported high intake of vitamin E from food was associated with 

reduced risk of AD [26]. In a follow-up study of this same cohort, Morris et al. [32] examined the 

effect of different tocopherol forms from food sources and found total vitamin E as well as alpha 

tocopherol and gamma tocopherol were independently associated with a reduced risk of AD (26%, 

34%, and 40% reduction in risk, respectively). A second study conducted in the Netherlands found 

high dietary intake of vitamin C and vitamin E was associated with reduced risk of AD, although 

no association was observed for other antioxidants including beta-carotene and fl avonoids [29]. 

Although some have argued that midlife exposures may better predict risk of later-life dementia, no 

association was found between midlife intake of beta-carotene, fl avonoids, or vitamins E and C and 

risk of late-life dementia or AD among a cohort of Japanese American men [31].

There is little prospective observational evidence regarding associations between other antioxi-

dants, including selenium, zinc, fl avonoids, and other carotenoids, and risk of dementia. However, sev-

eral epidemiologic studies provide evidence supporting a benefi cial effect of selenium on prevention 
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of cognitive decline during late life [33]. In addition, the PREADVISE trial of vitamin E and sele-

nium supplementation and prevention of AD among over 10,000 men over the age of 60 is ongoing. 

One published trial of zinc supplementation showed 6 months of moderate dose zinc supplementation 

among healthy 55- to 70-year-old Europeans had no effect on in vitro copper-induced LDL oxidation 

levels [34].

Imbalances of trace elements, including iron, zinc, copper, and mercury, have been implicated 

in free-radical-induced oxidative stress in neurodegenerative disease. Abnormal interactions of 

copper, zinc, and iron with metal-binding proteins including amyoid-beta peptide (A-beta) have 

been associated with A-beta precipitation and toxicity [35]. Epidemiologic evidence suggests that 

elevated levels of these metals in the brain may be linked to the development of AD [36] although 

less is known about how dietary intake of such metals is associated with development of AD.

A high level of mercury, the main dietary exposure of which is from fi sh, is known to induce 

potent toxic effects on the central nervous system. However, selenium status should be consid-

ered when assessing mercury exposure due to the strong interactions between these two elements. 

Selenium may protect against mercury exposure but just as likely, the mercury exposure may reduce 

the activity of selenium-dependent antioxidant enzymes including glutathione peroxidase.

Few clinical trials have been conducted on antioxidant supplements and primary or secondary 

prevention of AD. There have been no published clinical trials on the effects of beta-carotene, vita-

min C, or selenium and prevention or progression of AD; there have been two published randomized 

controlled trials on vitamin E (as solely alpha tocopherol) and AD. Large doses of alpha tocopherol 

(2000 IU/day) slowed the progression of AD among patients with preexisting disease of moderate 

severity in one well-designed multicenter randomized trial [37]. A more recent trial conducted by 

the same research group examined the ability of alpha tocopherol and donepezil, current standard 

therapies for AD, to prevent progression of cognitive impairment earlier in the course of disease 

progression. Results of this long-awaited trial showed no benefi t of alpha tocopherol supplementa-

tion on progression of cognitive impairment [38].

Recent meta-analyses of available trials have identifi ed increased risk of mortality among par-

ticipants taking antioxidant supplements including beta-carotene, vitamin A, and vitamin E of 

unspecifi ed form [39]. One such meta-analysis of vitamin E trials found a dose-response relation-

ship such that doses of greater than 150 IU/day were associated with increased mortality; authors of 

this study concluded that high-dose supplements of vitamin E greater than or equal to 400 IU/day 

should be avoided [39]. Further exploration of this association using evidence from a population-

based observational study identifi ed differential vitamin E related risk in mortality by existence of 

cardiovascular disease such that alpha tocopherol increased risk of mortality only among those with 

preexisting cardiovascular disease [40].

Although alpha tocopherol and selenium are generally considered as safe, the Food and Nutrition 

Board (FNB) has set upper limits (UL) for them. Upper limits are defi ned as the highest level of a 

nutrient likely to pose no risk of adverse health to 98% of the population. The current UL for alpha 

tocopherol is 1500 IU/day and the UL for selenium is 400 μg/day. No upper limit has been set for 

vitamin C although doses greater than 2 g (2000 mg/day) have been associated with gastrointestinal 

distress and in vitro evidence suggests high levels of vitamin C may act as a pro-oxidant under cer-

tain conditions such as the presence of metal ions or without other co-antioxidants. Beta-carotene 

is not considered an essential nutrient and so no reference values for beta-carotene are provided 

by the FNB, although supplementation with 20 to 30 mg/day of beta-carotene was associated with 

increased risk of lung cancer among former smokers [41].

Dietary supplements of vitamin E in the form of alpha tocopherol remain widely used as both a 

preventive measure and treatment for AD. The safety of high-dose alpha tocopherol has been appro-

priately called into question. Vitamin E supplements of mixed tocopherols and the corresponding 

tocotrienols are more expensive than alpha tocopherol forms and clinical trials have not been con-

ducted. However since supplements containing all eight forms of vitamin E simulate the vitamin E 

found in foods, their safety and effi cacy hold promise.
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FOLATE AND OTHER B-VITAMINS

Interest in folate and other B-vitamins in relation to dementia is mechanistically based on the role 

these nutrients play in methylation reactions. Defi ciencies of folate and B-vitamins including vita-

min B12 and vitamin B6 have been identifi ed as a cause of elevated total homocysteine (thcy) [42]. 

Hyperhomocysteinemia has been widely studied as a possible independent risk factor for cognitive 

decline and AD. Researchers studying such associations have yet to conclude whether the observed 

relationships between elevated thcy and cognition is causal [42] or if abnormal thcy is a marker 

of the disease (perhaps as a secondary product resulting from poor diet in cognitively impaired 

individuals). Both folate and vitamin B12 are essential for the production of S-adenosyl-methionine 

(SAM), the major methyl donor for important methylation reactions of protein, nucleotides, and 

neurotransmitters. Defi ciency of folate and/or vitamin B12, by impacting synthesis of SAM, may 

seriously alter normal methylation reactions in the brain. Research exploring observed relationships 

between folate, B-vitamins, and dementia results is inconsistent. Some studies have indicated nega-

tive associations, some no association, and others have even observed positive associations [33].

In the Normative Aging Study of 321 aging men, dietary folate was associated with less of a decline 

in verbal fl uency, and hyperhomocysteinemia was associated with greater decline in recall memory 

[43]. Conversely, a prospective study among 3718 biracial elders (65 years and older) living in the 

Chicago area found no relationship between dietary intakes of folate, vitamins B12 or B6, and AD 

incidence [44]. However, higher intake of folate was associated with rates of cognitive decline twice 

that of the group with the lowest dietary intake in a secondary analysis involving the same participants 

[45]. No studies have examined associations between supplemental intake of B vitamins, independent 

of dietary intake, and risk of cognitive decline or AD.

A study by Kado and colleagues involving 499 high-functioning participants (ages 70 to 79), found 

those in the lowest quintile of serum folic acid had signifi cantly increased risk for cognitive decline 

over 7 years [33] and found no signifi cant association between serum homocysteine, folic acid, or vita-

min B12 and cognitive decline [33]. Another study observed plasma elevated homocysteine and low 

folic acid to be independently related to increased risk for incident dementia and AD in 816 dementia-

free elders [33]. In addition, a study of 1092 participants from the Framingham cohort discovered 

those with homocysteine levels greater than 14 μmol/L had almost twice the risk of incident AD. A 

study including 370 nondemented persons, ages 75 years and older by Wang and colleauges found low 

folic acid and/or vitamin B12 was also related to almost twice the risk for AD [33].

There is a small amount of evidence from clinical trials that directly indicates B-vitamin supple-

mentation is a protective measure for cognitive outcome. From the FACIT trial, 818 participants taking 

800 μg of folic acid per day (200% DRI) for 3 years had 576% higher serum folate, 26% lower homo-

cysteine levels, and signifi cantly less decline in memory after 3 years when compared to the placebo 

[46]. Bryon and colleagues found improvements in memory and other cognitive measures with supple-

mentation of 750 μg of folic acid, 15 μg vitamin B12, and 75 mg vitamin B6 [33]. Durga and colleagues 

found similar results using folic acid (800 μg daily) supplementation alone [33]. On the other hand, a 

study done by McMahon and colleagues found no effect of supplementation with B-vitamins including 

1000 μg of folic acid, 500 μg B12, and 10 mg B6 on cognitive function.

The prevalence of micronutrient defi ciencies including defi ciencies of vitamin B12 and folate 

generally increase with age. Vitamin B12 is one nutrient of particular interest among the elderly 

because many have problems absorbing vitamin B12 from food. Some estimate that as many as 5% 

to 10% of those over the age of 65 are defi cient in vitamin B12 [47]. Common reasons for malab-

sorption of vitamin B12 include decreased levels of gastric acid secretion, either due to the effect of 

medications or simply related to age, as well as the conditions of pernicious anemia, gastric resec-

tion, and infl ammatory bowel disorders. Also less consumption of meat, a major source of vitamin 

B12, occurs with poor dentition. High folate intake, primarily from highly fortifi ed food sources, 

may have the potential to mask vitamin B12 defi ciency, which may result in irreversible neurologi-

cal damage that includes memory impairments [48].
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Supplementing with B-vitamins appears to be safe, although food sources are preferred. Adequate 

dietary intake of vitamin B12 may be diffi cult or impossible to obtain among people with problems 

of malabsorption. Blanket recommendations regarding supplementation with high folic acid in the 

current era of folic acid fortifi cation, even in response to elevated homocysteine, are controversial. 

Effects of folate may be modifi ed by vitamin B12 status. In an analysis of the National Health and 

Nutrition Examination Survey (1999 to 2002), high serum folate was associated with a more than 

two-fold higher risk of cognitive decline among those with low vitamin B12 status as compared to 

those with normal status of both folate and vitamin B12, although high serum folate was associated 

with lower risk of cognitive decline among those with normal vitamin B12 status [45]. Given this 

evidence, practitioners should closely monitor status of both vitamin B12 and folate, and recom-

mend supplements according to individual need [49, 50].

Recent publications have argued that the biomarkers methylmalonic acid and holotranscobal-

amin are better indicators of vitamin B12 status than is serum B12 [35, 36]. The acceptable serum 

methylmalonic acid range is stated to be less than 376 nmol/L and levels above this indicate defi -

ciency. Serum concentrations of holotranscobalamin 45 pmol/L or greater are considered normal 

and indicate adequate vitamin B12 status. The holotranscobalamin measurement is thought to 

detect early B12 imbalance [51]. It should also be noted that a gap between adequacy and optimal 

levels appears to exist and so absence of defi ciency should not be interpreted as optimal. Elderly 

patients with gastritis, taking antacids, with a history of gastric resection, who are vegetarian or 

consume only small amounts of meat, or who exhibit signs of anemia should be carefully screened 

for B12 defi ciency. Food sources high in vitamin B12 (fortifi ed foods, shellfi sh, meat, poultry, dairy 

 products, eggs) should be recommended as should supplements in the case of suspected malabsorp-

tion. Elderly patients should be encouraged to eat foods high in folate and B-vitamins. The best 

sources for folate include leafy green vegetables, fruits, dried beans, and fortifi ed cereal grains.

Supplementation with folic acid should be reserved for obvious cases of folate defi ciency, not in 

response to hyperhomocysteinemia or macrocytic anemia. Currently, there is not enough evidence 

to suggest supplementation with folic acid or vitamins B12 or B6 as a protective measure against 

or treatment for cognitive decline or AD. Elderly people taking folic acid supplements should be 

screened for vitamin B12 defi ciency to prevent the irreversible damage that may result from the 

masking of such defi ciency by folic acid.

CURCUMIN AS A NOVEL SOURCE OF FLAVONOID

Curcumin and curcuminoid compounds have potent anti-infl ammatory and antioxidant proper-

ties; they prevent neuronal death [52] and reduce oxidative damage [53] in mouse models for AD. 

Curcumin attenuates the infl ammatory response in the brain [54, 55] and inhibits the formation 

of infl ammatory factors [56], most of which have been implicated as a cause for AD. Curcumin 

can reduce or reverse some of the main pathologic features of AD, namely the formation of amy-

loid plaques [57, 58], by clearing or reducing the size of senile plaques and reversing the struc-

tural changes in dystrophic dendrites [59]. Like omega-3 fatty acids, curcumin can be considered a 

natural NSAID, which may be in part the cause for their protective properties against AD. Several 

studies have shown that NSAIDs used for more than 2 years during midlife are associated with 

substantially less chance of AD later in life [60, 61].

Some epidemiologic studies suggest that curcumin could be benefi cial in the prevention of AD. 

Incidence of AD in India, where turmeric and curcumin are used frequently in the diet, is esti-

mated at 4.7 per 1000 person-years, substantially lower than the corresponding rate of 17.5 per 1000 

person-years in the United States [62]. In addition, a cohort study conducted in Singapore among 

1010 elderly men and women investigated the role of curcumin in prevention of cognitive decline. 

Compared with those who had never or rarely consumed curry, participants with higher levels of 

curry consumption showed higher mean MMSE scores (p = 0.023), when controlled for potential 

confounding by known and putative correlates of MMSE performance [63].
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One pilot, randomized, placebo-controlled trial has investigated the role of curcumin in patients 

with AD. Patients diagnosed with AD (n = 34) were randomized to placebo, 1 g curcumin, or 4 g 

curcumin daily for 6 months. This study showed no statistically signifi cant improvement in MMSE 

of patients on placebo, 1 g curcumin, or 4 g curcumin (p = 0.43). However, the trial had several 

shortcomings: (1) seven patients dropped out, (2) it was underpowered, and (3) it failed to detect 

decline in MMSE in the placebo arm, suggesting inadequate length of study [64]. Curcumin in 

Patients With Mild to Moderate AD is an ongoing trial that may help determine the effi cacy of 

curcumin for treatment of mild to moderate AD [65].

Turmeric, which contains curcumin, is generally recognized as safe (GRAS) by the United States 

Food and Drug Administration (FDA). Widespread use of curcumin in food without known adverse 

effects supports its safety. Also, curcumin has been used at high doses in some studies and is generally 

well tolerated. Doses of up to 1200 mg/day did not cause any major side effects [66–69]. In another 

study doses of up to 8000 mg/day were tolerated well except for the large volume of the treatment [70]. 

Some patients with peptic ulcer disease reported gastric irritation when treated with curcumin [71] and 

nausea and diarrhea bothered some with colon cancer [72]. However, in the randomized controlled 

trial discussed above, curcumin did not seem to cause side effects in AD patients. There was a ten-

dency toward fewer adverse events among participants taking 4 g/day [64]. Curcumin may be safely 

administered even at higher doses with possibly increasing clinical results.

It is likely that the multiple essential nutrients found in such a dietary pattern work together to 

impact multiple mechanisms associated with the etiology of AD and other dementias and that this 

synergistic effect is far more benefi cial than is the effect of any single nutrient. Foods including 

spices and herbs are indeed a multinutrient package.

VITAMIN D

Cholecalciferol, vitamin D3, is made in the skin in response to sunlight exposure and is obtained 

in the diet. Cholecalciferol is converted by two hydroxylation reactions to the biologically active 

metabolite known as calcitriol (1,25-dihydroxyvitamin D). Calcitriol binds to nuclear vitamin D 

receptors, identifi ed in more than 50 types of human tissue including the brain, and mediates the 

expression of a broad array of genes. Vitamin D has been shown to alter the expression of several 

genes with probable brain function including neurotrophins, proteins that support the survival and 

differentiation of neurons, and choline acetyltransferase, the enzyme responsible for the synthesis 

of the important neurotransmitter acetylcholine [73]. Treatment with calcitriol, known to inhibit 

nitric oxide synthetase, has been found to offer neuroprotection in rodent models and may serve 

to protect the brain from free-radical–induced damage. In addition, calcitriol is important for the 

immune system and both in vitro and in vivo evidence supports a role of calcitriol in modulation of 

pro-infl ammatory cytokines [73].

There has been little work on the direct effect of vitamin D status and cognition in humans. There 

are no large-scale prospective randomized studies of vitamin D supplementation to treat memory loss 

or neurodegenerative disease. However, low vitamin D status has been identifi ed among patients with 

AD [74] and at least one retrospective study has identifi ed a signifi cant positive correlation between 

vitamin D status and cognitive function among older adults with memory problems [75].

Circulating levels of calcidiol (25-hydroxyvitamin D), not calcitriol, are generally used as a 

functional marker of vitamin D and respond to both sun exposure and dietary intake. The current 

adequate intake (AI) as set by the Food and Nutrition Board for vitamin D (400 to 600 IU for adults 

50+ years of age) was set to maintain serum levels of calcidiol at 37 nmol/L; a level known to pre-

vent bone-related diseases associated with vitamin D defi ciency. However, many experts in the fi eld 

agree that higher levels are needed to support the noncalcitropic functions of vitamin D and that 

levels of 80 to 120 nmol/L are more likely to support optimal health [76].

The major dietary sources of vitamin D are fortifi ed dairy products, oily fi sh, and meat, although 

diet alone is usually insuffi cient to maintain adequate serum levels. Elderly people are at increased 
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risk for vitamin D defi ciency because of reduced sun exposure in addition to decreased skin pro-

duction of cholecalciferol and reduced ability to convert the inactive forms to the fully functional 

calcitriol. Supplementation of vitamin D at levels of 800 to 1000 IU/day, an amount greater than the 

current AI of 400 to 600 IU/day, is likely necessary to maintain optimal levels of calcidiol (80 to 120 

nmol/L) especially among those who cannot rely on sun exposure for synthesis [76, 77].

OTHER SUPPLEMENTS

Nutrition stores have several rows of supplement with claims for stronger memory and sharper 

brains. One such supplement, Gingko biloba, was subjected to two double-blind placebo-controlled 

studies and failed to show any signifi cant improvement in memory [78, 79]. As such, none of these 

supplements can be recommended to the general public for delaying onset of AD or for memory loss 

more broadly. This chapter does not strive to inventory all supplements that claim sharper memory. 

Rather it is set in the context of many other chapters that treat other medical conditions. Strategic 

use of nutrients to treat other diseases may concurrently forestall dementia, especially if the supple-

ments reduce infl ammation, oxidative stress, and atherosclerosis.

SUMMARY

Dementia is a multifactorial condition that is brought on by not only plaques and tangles of AD, but 

also by vascular risk factors, infl ammation, and poor health. Patient education regarding healthy 

lifestyle, including recommendations regarding a healthy dietary pattern, is extremely important 

in helping them prevent memory loss and AD. Obesity needs to be confronted and treated aggres-

sively. Much comorbidity brought on by obesity contributes to the frailness of the brain and subse-

quent dementia.

Eating four or fi ve pieces of fruits and vegetables daily, consuming fi sh two to three times weekly, 

and maintaining a healthy body below the neck are cornerstones of keeping the brain healthy and 

sharp. People who fi nd it diffi cult to consume three to four daily servings of fruits and vegetables 

should be reminded of the health benefi ts of spicing it up. Herbs and spices in general confer health 

benefi ts similar to fruits and vegetables. This chapter highlights recent research on the curcumin-

containing spices (turmeric, curry, and zedoary). Nuts, seeds, and minimally processed cooking oils 

such as extra virgin olive oil are sources of all eight forms of vitamin E and fat-soluble phytonutri-

ents. Avoidance of processed fats may be equally important.

Physicians will fi nd there is a basis in the medical literature for vitamin B12 screening and optimi-

zation, use of fi sh oil supplements, and attention to the quality of vitamin E supplements. Vitamin E 

containing mixed tocopherols and tocotrienols most closely resembles the vitamin E found in food and 

should be recommended over supplemental dosing of alpha tocopherol, which is but one of the eight 

forms of vitamin E. Safe doses of vitamin C, vitamin E in mixed form, curcumin, and DHA, as well as 

supplemental nutrients recommended for treatment of other medical conditions (vitamin D and calcium 

for osteoporosis) may be additionally benefi cial for prevention of dementia.
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28 Parkinson’s Disease

Nutrient Interventions Targeting 
Disease Progression

David Perlmutter, M.D.

I. INTRODUCTION

Most authoritative texts attribute the fi rst description of Parkinson’s disease to James Parkinson 

who described the disease in 1817 in his “Essay on the Shaking Palsy.” However, exploring medi-

cal literature beyond those of Western cultures reveals descriptions of this disease predating that of 

James Parkinson’s by more than 2000 years, in the Yellow Emperor’s Internal Classic, considered 

the fi rst Chinese medical classic, written around 425–221 bc:

A person appears with crouching of the head and with staring eyes, bending the trunk with shoulders 

drooped, with diffi culty turning and rocking the low back, inability of the knees to fl ex and extend, with 

the back bowed, failure to stand for long periods, and tremor while walking.1

This description most certainly represents what would more than 2000 years later be called 

Parkinson’s disease.

Even more prescient, however, is that the text describes Parkinson’s disease as a consequence of liver 

dysfunction. Western science is only recently recognizing the association of genetic polymorphisms 

related to hepatic detoxifi cation and Parkinson’s risk.2 It is the disease link with the body’s ability to 

decrease toxicant burden that is salient to disease treatment and the critical role of food and nutrients.

II. EPIDEMIOLOGY

Parkinson’s disease is the second most common neurodegenerative disorder after Alzheimer’s dis-

ease.3 In the United States, Parkinson’s affl icts approximately 1 million people with more than 

50,000 new cases being diagnosed each year.3 The incidence of the disease increases steadily with 

age, possibly as a consequence of progressive decline in antioxidant functionality leading to an 

overall increasing prevalence of the disease as our population ages.

III. PHARMACOLOGY

The physical manifestations of Parkinson’s disease, including tremor, bradykinesia, rigidity, loss of 

automatic movements, and impaired balance, are thought to represent downstream effects of a pri-

mary brain biochemical abnormality—loss of dopamine production as a consequence of neuronal 

degeneration in the pars compacta of the substantia nigra. Projection of dopamine from the substantia 
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nigra to other brain centers including the caudate nucleus and the putamen plays a pivotal role in 

initiating and coordinating motor activity. With compromise of dopaminergic transmission, these 

motor activities deteriorate.

For the most part, pharmaceutical approaches to the treatment of Parkinson’s disease target this 

dopaminergic defi ciency in an attempt to ameliorate the various motor manifestations described 

above. These approaches include the use of dopamine-based preparations designed to directly 

stimulate the dopaminergic receptor, including Sinemet®, Sinemet CR®, Stalevo®, and Parcopa®, as 

well as a newer group of nondopamine-based agents that nevertheless also stimulate the dopamine 

receptor—the dopamine agonists including Mirapex® and Requip®. Other agents including anti-

cholinergics (used for controlling tremor) and medications designed to enhance the activity of the 

dopaminergic drugs are also commonly prescribed.

When patients have exhausted the benefi ts of pharmacotherapy, an increasing number of surgical 

options are becoming available. These procedures include ablative surgery targeting inhibitory brain 

centers as well as deep brain stimulator (DBS) implantation technology designed to activate deep 

brain structures rendered dormant by dopamine defi ciency.5

The horizon holds promise for surgical interventions that do more than treat symptoms. Future 

restorative treatment modalities include gene therapy and neural transplantation.6

Important to underscore is that food and nutrient interventions have also been shown to be more 

than palliative. They restore function and delay disease progression, possibly long enough for patients to 

benefi t from surgical restorative treatments as they become available. In other words, nutrition focuses 

on the fi re, not just the smoke.

Further, pharmaceutical interventions may compromise health as a consequence of specifi c 

nutritional defi ciencies they induce. For example, the metabolism of levodopa consumes pyridoxine 

(vitamin B6), which may lead to a functional defi ciency of this nutrient and may enhance the risk 

for homocysteine elevation. Laboratory assessments of pyridoxine and homocysteine levels are avail-

able in standard clinical laboratories and should be routinely performed when patients are treated with 

levodopa. Other nutritional considerations include decreased absorption of Mirapex® when taken with 

food, while it is recommended that Requip® be taken with a meal to reduce the risk of nausea.

IV. PATHOPHYSIOLOGY

Treating the fi re, the underlying predisposing conditions, requires addressing oxidative damage 

to mitochondria and whole body infl ammation. Out of this pathophysiology meaningful clinical 

interventions emerge.

MITOCHONDRIAL DYSFUNCTION AND OXIDATIVE STRESS

Mitochondrial dysfunction of dopaminergic neurons in the substantia nigra is now looked upon as 

having a pivotal role in the pathogenesis of Parkinson’s disease.7 Specifi cally, complex I of the electron 

transport chain involved in the process of oxidative phosphorylation has been demonstrated to be com-

promised in Parkinson’s patients.8 Interestingly, this defi ciency is not confi ned to the substantia nigra, 

or even to the brain, having been observed systemically in platelets, fi broblasts, and muscle cells. The 

impairment of complex I activity ranges from 16% to 54%, with the degree of impairment correlating 

with the severity of the disease.9,10 A fundamental consequence of impaired mitochondrial energy 

production is an increase in endogenous oxidative burden. That is, as mitochondrial function is com-

promised there is a consequent increase in the production of damaging oxyradicals. This heightened 

condition of increased oxidative stress damages neurons and is thought to underlie the progressive 

decline in dopamine production from substantia nigra neurons in Parkinson’s disease.

The specifi c initiating factor leading to mitochondrial function in Parkinson’s disease remains 

unclear. Multiple studies have demonstrated a strong epidemiological relationship between  exposure 

to various environmental mitochondrial toxins, including herbicides, pesticides, industrial chemicals, 
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and heavy metals, and Parkinson’s disease risk.11–14 Further, specifi c genetic polymorphisms are 

now identifi ed that may enhance susceptibility of an individual to Parkinson’s disease by confer-

ring defi ciency of detoxifi cation or antioxidant function, emphasizing the potential signifi cance of 

gene-environment interactions.15 Genetic susceptibility testing for hepatic detoxifi cation fl aws that  

may predispose an individual to the development of Parkinson’s disease is now widely available.16 

Beyond family members of Parkinson’s patients who could be at increased risk for carrying these 

genetic polymorphisms, screening all individuals for this predisposition represents a new threshold 

in preventive medicine.

Ultimately, a feed-forward cycle is produced whereby excessive oxyradicals produced as a con-

sequence of mitochondrial complex I dysfunction further damage mitochondrial function, enhanc-

ing oxyradical production. This situation is exacerbated by a defi ciency of antioxidant protection of 

substantia nigra neurons. Multiple studies have described a dramatic defi ciency of neuron protec-

tive reduced glutathione in the substantia nigra of Parkinson’s disease patients and the degree of 

glutathione depletion correlates directly with disease severity.17–19 Based upon the understanding 

of the protective role of glutathione as a neuronal antioxidant, its pivotal role in detoxifi cation pro-

cesses related to potentially neurotoxic environmental exposures, and the fi nding of defi ciency in 

the Parkinson’s brain, Sechi and colleagues at the University of Sassari, Italy, administered reduced 

glutathione intravenously to a group of Parkinson’s patients twice daily for 30 days. The subjects 

were then evaluated at 1-month intervals for the following 6 months. Their published report indi-

cated, “All patients improved signifi cantly with a 42% decline in disability. Once glutathione was 

stopped, the therapeutic effect lasted 2–4 months.” They concluded that “glutathione has symptom-

atic effi cacy and possibly retards the progression of the disease.”20 Our experience with intravenous 

reduced glutathione has been similar and we are currently concluding a double-blind, placebo-

controlled trial using 1400 mg of reduced glutathione given intravenously three times weekly.

Coenzyme Q10 (CoQ10) serves a critical role as an electron acceptor for complex I in oxidative 

phosphorylation. In addition, it also has potent antioxidant activity.21 And like glutathione, defi -

ciency of CoQ10 is also noted in the mitochondria of platelets from Parkinson’s when compared 

to controls.22 These attributes have placed CoQ10 in the spotlight as a candidate to affect disease 

progression in Parkinson’s patients.

In a landmark study, Dr. Clifford Shults and coworkers at the University of California–

San Diego, evaluated the effectiveness of mitochondrial therapy on the progression of Parkinson’s dis-

ease using CoQ10. Their large, multicenter randomized, placebo-controlled double-blind study dem-

onstrated that high-dosage CoQ10 (1200 mg/day) slowed the functional decline in Parkinson’s patients 

by a remarkable 44% when compared to the placebo group as measured by the Unifi ed Parkinson’s 

Disease Rating Scale (UPDRS). The effect on total UPDRS was due to slowed decline in all three com-

ponents of this widely used scale—mental function, activities of daily living, and motor function.23

Oxidative stress plays a central role in the progression and possibly the initiation of nigral meta-

bolic compromise ultimately manifesting in the clinical picture of Parkinson’s disease, prompting 

in-depth investigation of the role of antioxidants.24 Studies evaluating risk for the disease as well 

as disease progression in relation to dietary intake of antioxidants date back at least two decades. 

These reports have included both retrospective epidemiological studies correlating dietary habits 

with risk for the disease as well as actual interventional studies wherein the administration of one 

or more specifi c antioxidant(s) is evaluated in terms of effectiveness on disease progression. In 1988 

the report, “Case-Control Study of Early Life Dietary Factors in Parkinson’s Disease,” was pub-

lished in Archives of Neurology. This early report paved the way to the current understanding that 

dietary choices may offer protection against a neurodegenerative condition. The researchers found 

that simple dietary sources of vitamin E profoundly reduced the risk of Parkinson’s disease. Risk 

was reduced to 39% in those reporting the highest consumption of nuts, while consumers of seed-

based salad dressing had a risk of 30%, and those who regularly consumed plums, a rich source of 

water-soluble antioxidants, demonstrated risk for the disease of only 24% in comparison to those 

not engaged in this dietary preference.25
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More recently, German researchers published a report evaluating the retrospective specifi c micro-

nutrient and macronutrient intake of 342 Parkinson’s patients in comparison to 342 control indi-

viduals from the same neighborhood or region.26 This study provides strong evidence that dietary 

choices play a meaningful role in risk determination for the disease. Risk for Parkinson’s disease 

was markedly reduced in those individuals whose dietary choices provided the highest levels of 

certain antioxidants. Disease risk was reduced by 33% in those having the highest consumption of 

beta-carotene with those consuming the most vitamin C having a risk 40% less than those report-

ing the least consumption. High levels of monosaccharide as well as total energy consumption were 

very strongly associated with disease risk. While the authors didn’t specifi cally comment on this 

fi nding, research published subsequent to their report may help explain this relationship. Increased 

caloric consumption of total calories, especially monosaccharides, favors the formation of advanced 

glycosylation end products (AGEs). AGEs are formed when monosaccharides react non-enzymati-

cally with the terminal amino group of proteins. This posttranslational change imparts pathophysi-

ological activity, stimulating infl ammation and its many downstream effects. As a consequence, 

AGEs are thought to play an important role in neurodegeneration and aging.27 Risk for Parkinson’s 

disease was reduced by 51% in those with the highest ribofl avin consumption compared to the low-

est quartile. In human metabolism, ribofl avin plays a role in diverse redox reactions through the 

coenzyme electron carriers fl avin adenine dinucleotide (FAD) and fl avin mononucleotide (FMN).28 

FAD is part of the electron transport chain, and as such it is a requisite participant in mitochon-

drial function. Further, glutathione reductase is an FAD-dependent enzyme that participates in the 

regeneration of glutathione, a fundamentally important brain-protective antioxidant that is defi -

cient in Parkinson’s patients (see previous discussion). Perhaps because of the role of ribofl avin 

in glutathione production, defi ciency of ribofl avin is associated with increased oxidative stress.29 

In an interventional trial, researchers at the University of Sao Paulo provided oral ribofl avin 30 mg 

every 8 hours to a group of 31 advanced-stage Parkinson’s patients. Interestingly, blood levels of 

ribofl avin were depressed in all participants. After 6 months, motor capacity improved from 44% 

to 71% (Hoehn and Yahr scale) with improvements noted in nighttime sleep, reasoning, motivation, 

as well as reduced depression. These improvements were correlated with increased blood levels of 

ribofl avin.30 The highest quartile of folic acid consumption showed a reduced risk for Parkinson’s 

disease of 49% compared to the lowest. Folate coenzymes are required for the metabolism of sev-

eral important amino acids including the synthesis of methionine from homocysteine. Thus, folate 

defi ciency is strongly associated with elevation of homocysteine, and elevation of homocysteine 

levels are common in Parkinson’s patients.31 Germane to the previously described pathophysiologi-

cal model of Parkinson’s disease, homocysteine enhances oxidative stress, compromises mitochon-

drial function, and ultimately leads to neuronal apoptosis.32 (See Table 28.1.)

INFLAMMATION

Indeed, a fundamental pathophysiological feature of this disease is the fi nding of enhanced param-

eters of infl ammation.33 Areas of maximal degeneration within the substantia nigra demonstrate 

robust increases in the number of activated immune-mediating microglial cells along with elevated 

levels of cytokines including interleukin-1β, tumor necrosis factor-alpha and interferon-γ, which 

are increased by 7- to 15-fold in the substantia nigra of Parkinson’s patients.34,35 Cyclooxygenase-2 

(COX-2) is also signifi cantly elevated in the Parkinson’s brain. COX-2 converts arachidonic acid to 

pro-infl ammatory prostanoid prostaglandin E2, with research by Dr. Peter Teismann and coworkers 

demonstrating “a critical role for COX-2 in both the pathogenesis and selectivity of the Parkinson’s 

disease neurodegenerative process.”36

Epidemiological studies also support the relationship between Parkinson’s disease and infl am-

mation with research demonstrating an overall risk reduction for the disease by 45% in regular 

users of over-the-counter nonsteroidal anti-infl ammatory medications (NSAIDs).37 Further, glial 

cell mediated infl ammation is not unique to Parkinson’s disease and is implicated in a variety of 
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other common neurodegenerative conditions including Alzheimer’s disease and amyotrophic lateral 

sclerosis.38,39 

One important mechanism by which NSAIDs suppress infl ammation is by activation of per-

oxisome proliferator-activated receptor-γ (PPARγ). This fi nding has led researchers to explore 

more fully the role of PPARγ in reducing infl ammation in neurodegenerative disorders including 

Parkinson’s disease.40 In what has now become the standard animal model of Parkinson’s disease, 

researchers are able to mimic human neuropathological changes in animals treated with the neu-

rotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). MPTP-treated mice demonstrate 

mitochondrial dysfunction and consequent dramatic enhancement in the generation of reactive oxy-

gen species, excitotoxicity, and apoptosis specifi cally in dopaminergic cells of the pars compacta 

of the substantia nigra. Further, these changes are accompanied by marked neuroinfl ammatory 

changes including microglial activation.41

To more fully elucidate the role of PPARγ in the Parkinson’s disease animal model, Dr. Tilo 

Breidert and colleagues evaluated the neuroprotective effects of specifi c PPARγ ligands in MPTP-

treated mice. Their research demonstrated signifi cant reduction of neuronal death in substantia 

nigra dopaminergic neurons in animals treated with the PPARγ ligand pioglitazone (Actos®).42

The profound activity of PPARγ ligand mediated activation in terms of modulating infl amma-

tion is now a major focus of research in several important neurodegenerative conditions, including 

TABLE 28.1
Adjusted Odds Ratios for Parkinson’s Disease by Quartiles of 
Macronutrient and Micronutrient Intakes With “1” Representing 
the Lowest Quartile and “4” the Highest
Variable Quartile Adjusted Odds Ratio

Beta-carotene 1

2

3

4

1.00

1.13

0.85

0.67

Ascorbic acid 1

2

3

4

1.00

1.19

0.97

0.60

Ribofl avin 1

2

3

4

1.00

0.65

0.67

0.49

Folic acid 1

2

3

4

1.00

0.86

0.62

0.51

Monosaccharides 1

2

3

4

1.00

1.67

1.57

2.59

Total energy intake 1

2

3

4

1.00

2.19

2.91

3.25

Source: [26].
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Alzheimer’s disease, multiple sclerosis, amyotrophic lateral sclerosis, and cerebral ischemia.43 One 

would anticipate that the outcome of the basic science and ultimately interventional trials would 

be focused on development of an effective and pharmaceutical agent. This could provide meaning-

ful interventions for these and other devastating neurological conditions, but many years hence. 

Further, pharmaceutical manipulation of PPARγ is not without risk as has been noted with the 

recent fi nding of a marked increase in risk of cardiovascular death in individuals using the diabetes 

medication rosiglitazone (Avandia®).44

What naturally serves as a ligand for PPARγ? How can biochemistry, perhaps the body’s own bio-

chemistry made from food and nutrients, affect the role of PPARγ in modulating infl ammation?

Docosahexaenoic acid (DHA) is known to have benefi cial effects in a variety of human diseases 

including atherosclerosis, asthma, cardiovascular disease, cancer, and depression.45 These benefi ts 

are presumably derived from the anti-infl ammatory activity of this fatty acid, which demonstrates 

potent inhibition of COX-2.46 In a recent publication, “Identifi cation of Putative Metabolites of 

Docosahexaenoic Acid as Potent PPARγ Agonists and Antidiabetic Agents,” Japanese researchers 

discovered potent PPARγ ligand activity from several metabolites of DHA, with one metabolite 

demonstrating almost twice the potency compared to pioglitazone (Actos®).47 This new information 

adds to the understanding of the mechanisms underlying the potent anti-infl ammatory effects of 

DHA and further helps explain why, for example, people with the highest blood levels of DHA have 

been shown to have a 47% lower risk of developing dementia and a 39% lower risk of developing 

Alzheimer’s disease, compared with those with lower DHA levels.48

While no study has as yet been undertaken to assess risk for Parkinson’s disease in relation to 

DHA levels, based upon the understanding of its role in PPARγ-mediated infl ammation modula-

tion it seems reasonable to consider adequate dietary supplementation of this important nutrient. 

Further, with the unique sensitivity of dopaminergic neurons in genetically sensitive individuals to 

neurotoxins, which may concentrate higher in the food chain, nonfi sh-derived vegetarian sources 

of DHA may seem more appropriate. Indeed, vegetarian-sourced DHA derived from marine algae 

is now widely available as a nutritional supplement as well as being used to fortify various food 

products including infant formula, eggs, beverages, cereals, and yogurt.

While the concept of preventive medicine has taken root in such disciplines as cardiology and wom-

en’s health, precious little attention is paid to applying evidence-based information to health recommen-

dations related to neurodegenerative conditions. Clearly, a large body of science supports the contention 

that modifi able lifestyle factors are important considerations in relation to risk and progression of con-

ditions like Parkinson’s disease. Understanding the central roles of oxidative stress and infl ammation 

in this disease should serve as motivation for dietary changes enhancing antioxidant protection while 

reducing the propensity for infl ammation. With respect to the former, recommendations for higher 

consumption of whole fruits and vegetables, nuts and seeds, with judicious use of oral antioxidant 

supplements, seems clearly justifi ed. As for the latter, these same dietary recommendations form the 

basis of the Mediterranean diet, now well described as having a marked effect in terms of reducing 

infl ammation.49 Key components of the Mediterranean diet50 include:

Eating generous amount of fruits and vegetables• 

Consuming healthy fats such as olive oil and canola oil• 

Eating small portions of nuts• 

Drinking red wine, in moderation, for some• 

Consuming very little red meat• 

Eating fi sh on a regular basis• 

Further, specifi c supplementation with DHA provides a powerful nonpharmaceutical approach 

to infl ammation as mediated through both COX-2 inhibition as well as through PPARγ. In our clinic 

we generally recommend a daily consumption of DHA as a supplement in a dosage of 800 mg for 

Parkinson’s disease.
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V. COMORBID CONDITIONS

Obesity is a cause of mitochondrial dysfunction that is readily modifi able and shows strong relation-

ship to Parkinson’s disease risk. In the study Midlife Adiposity and the Future Risk of Parkinson’s 

Disease, researchers determined adiposity using measurement of triceps skinfold thickness in a 

group of 7990 men ages 45 to 68 years between the years 1965 and 1968. Surviving participants 

were then examined an average of 30 years later. Comparing the incidence of Parkinson’s disease in 

those originally in the highest quartile of triceps skinfold thickness to those with the lowest found 

an increased risk of developing Parkinson’s disease of 300% associated with the thickest triceps 

skinfold.51

Body fat may act as a reservoir for lipid-soluble neurotoxins that selectively damage dopamine-

producing neurons in the substantia nigra. Several persistent organic pollutants such as pesticides 

are lipid soluble and act as neurotoxins as a consequence of their ability to disrupt mitochondrial 

function. In addition, excessive body fat is associated with up-regulation of infl ammatory cytokines, 

which in turn act to increase the production of mitochondria-damaging oxyradicals.

VI. CONCLUSION

Modern therapeutic interventions for Parkinson’s disease are clearly effective in symptom manage-

ment, but provide very little in terms of modulating disease progression. However, food and nutrient 

interventions have been shown to treat the underlying pathophysiology. The following interventions 

and studies can be incorporated into medical practice:

Understanding and correcting nutrient-drug interactions• 

Optimizing antioxidant function to include CoQ10,•  200 mg/day; vitamin C 1000 mg/day; 

vitamin E 400 IU/day; alpha lipoic acid 200 mg/day; N-acetyl cysteine 800 mg/day; acetyl-

l-carnitine 800 mg/day; vitamin D 400 IU/day; beta-carotene 25,000 IU/day

Blood tests for nutrient optimizations to include measurements of antioxidant function • 

(lipid peroxide profi le) as well as levels of specifi c nutrients including pyridoxine, beta-

carotene, ribofl avin, folate, vitamin B12, and CoQ10

Reducing infl ammation with DHA 800 mg/day as a supplement• 

Attention to lifestyle issues including exercise and weight management• 
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29 Depression

Marty Hinz, M.D.

I. INTRODUCTION

Since amino acids obtained from dietary sources are the precursors of mood-regulating neurotrans-

mitters such as serotonin and dopamine, amino acids are considered to hold potential in treating 

depression. Neurotransmitter precursors are the subject of ongoing research. 

So why is this topic relevant to primary care medicine? Patients have taken matters into their own 

hands. Patients are self-treating their depression with amino acid supplements and appear to be moti-

vated by a perceived benefi t in their mood and overall health. The amino acid precursors tryptophan, 

tyrosine, 5-hydroxytryptophan, and L-dopa are readily available as supplements at doses that exceed 

feasible dietary intake. Amino acid supplements have less potential for harm and larger therapeutic 

effect when their use is physician-guided.

This chapter presents the bundle damage theory of depression to probe the biologic basis of amino 

acid therapy. It offers primary care physicians a treatment protocol that implements laboratory testing to 

guide dosing; explains the potential side effects and how these can be minimized; offers quality regula-

tion in product selection; and presents a protocol for simultaneous use of medication and nutrients in 

the treatment of clinical depression.

II. EPIDEMIOLOGY

Depression is a global problem. The World Health Organization notes:32 

Nearly 5–10% of persons in a community at a given time are in need of help for depression. As much 

as 8–20% of persons carry the risk of developing depression during their lifetime. The average age of 

the onset for major depression is between 20 and 40 years. Women have higher rates of depression than 

men. Race or ethnicity does not infl uence the prevalence of depression. World wide depression is the 

fourth leading cause of disease burden, accounting for 4.4% of total Disability-Adjusted Life-Years 

(DALYs) in the year 2000. It causes the largest amount of non-fatal burden. Disability from depression 

world wide is increasing. In 1990, the total years lived with disability (YLD) was 10.7%. By 2000, the 

YLD had increased to 12.1% worldwide.33 Mental health conditions have a tendency to move upwards 

in ranking, while ranked as the fourth leading cause of disease burden in 2000, it is expected that 

depression will move to second place by 2020, second only to heart disease.34

Population surveys suggest that while the incidence of depression is higher in the developed 

countries of North America and Europe than in other regions, it is nonetheless a common condition 

throughout the world.38 The rate difference is often attributed to underdiagnosis, but newer data 

suggest that the Western diet, stressful lifestyle, and higher toxicant exposures contribute to the 

prevailing high rates in Westernized countries.32

The monoamine theory fails to explain why the incidences of depression are increasing on a 

worldwide basis and are more prevalent in developed countries.1
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III. PATHOPHYSIOLOGY

THE MONOAMINE THEORY

The monoamine theory of depression has long been the major framework against which the treat-

ment of depression has been examined and developed, due to the fact that the theory attempts to 

provide a pathophysiologic explanation for depression and the actions of antidepressants. The cen-

tral premise of the monoamine theory states that it may be possible to restore normal function in 

depressed patients by targeting the catecholamine and/or serotonin systems with antidepressants. 

This theory is based on evidence that depression symptoms can be improved by administering 

compounds that are capable of increasing monoamine concentrations in the nerve synapses. Early 

research focused on defi cits in the catecholamine system with specifi c emphasis on noradrenalin 

as a potential cause for depression. With further research, the theory was expanded to include the 

serotonin system as a cause for depression. This research has led to treating depression with drugs 

that affect changes in monoamine uptake and enzymatic metabolism.1

While many of the depression treatments based on the monoamine theory appear to be initially 

useful, many of them lack the short-term and long-term effi cacy needed for relief of symptoms 

in most patients. In several studies of reuptake inhibitors administered, only 8% to 13% of sub-

jects obtained relief of symptoms greater than placebo. Remission rates for escitalopram compared 

to placebo in adults were studied (48.7% vs. 37.6%, P = 0.003). Here, 11.1% of subjects obtained 

relief greater than placebo.35 Remission rates for citalopram versus placebo in another study were 

studied (52.8% vs. 43.5%, P = 0.003). Here, 9.4% of patients obtained relief greater than placebo.35 

Venlafaxine-XR was similar to escitralopram and citalopram (P = 0.03).35

Treatment of the elderly in the primary care setting under the monoamine theory reveals no relief 

of symptoms versus placebo. In the elderly (79.6 years, SD = 4.4, N = 174), it was concluded that 

citalopram, “was not more effective than placebo for the treatment of depression.”27 In treatment of 

depression in patients over 60 years of age with a mean age of 68 years, “Escitalopram treatment 

was not signifi cantly different from placebo treatment” (N = 264).29

Depression treatment of children and adolescents ages 7 to 17 (N = 174) with citalopram, under 

a double-blind 20 mg/day, 40 mg/day option, found 24% of patients treated with placebo showed 

improvement versus 36% of patients taking citalopram.28

Other studies of other reuptake inhibitors revealed similar results.50–55

Reuptake inhibitors are effective in treating other disorders than those for which they were ini-

tially developed, such as obesity, panic disorder, anxiety, migraine headaches, ADHD/ADD, pre-

menstrual syndrome, dementia, fi bromyalgia, psychotic illness, insomnia, obsessive-compulsive 

disorder, and bulimia/anorexia; yet not all drugs that increase serotonin or catecholamine transmis-

sion are effective when treating depression.1

Treatment with reuptake inhibitors is based on the monoamine theory, which does not explain 

why most subjects studied achieve results no better than placebo and why treatment is much less 

effi cacious in the elderly. Neither does it explain the effi cacy of treating other conditions. In sum, 

the mechanism and corresponding medication for the treatment of depression suggest there may be 

more to the underlying pathophysiology.

PARKINSONISM MODEL

Insights into the pathophysiology of depression can be gained from understanding another mono-

amine neurotransmitter disease, Parkinson’s disease. Parkinsonism is caused by damage to the 

dopamine postsynaptic neurons of the substantia nigra at levels that result in clinical compromise of 

fi ne motor movement.

Parkinson’s disease has a study model of neurotoxin damage.49 A great deal of understanding 

about Parkinson’s disease has resulted from research and case studies involving the neurotoxin 

MPTP (1-methyl 4-phenyl 1,2,3,6-tetrahydropyridine). In 1982, the fi rst writings on MPTP appeared 

in the medical literature after several heroin addicts administered synthetic heroin (MPPP) that 
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contained the byproduct of synthesis, MPTP.9 Since that time, the MPTP mechanism of action has 

become the prototype in the study of Parkinson’s disease. At present, most medical school students 

study the ability of MPTP to quickly induce advanced Parkinson’s symptoms in patients without 

prior history of the disease.

MPTP is a free radical neurotoxin, which interferes with mitochondrial metabolism and leads 

to cell death (apoptosis). It freely crosses the blood-brain barrier and has an affi nity for the post-

synaptic dopamine neurons of the substantia nigra, which it destroys. MPTP is chemically similar 

to MPPP (synthetic heroin) and may be produced as a byproduct during the illegal manufacturing 

of MPPP and other narcotics.9 The MPTP model of Parkinson’s disease has taught us a lot about 

the dopamine neurons of the substantia nigra. The main point is that if enough dopamine neurons 

are damaged, the fl ow of electrical impulses is compromised and Parkinson’s symptoms will occur. 

The way to compensate for neurotoxin-induced damage is to increase neurotransmitter levels higher 

than is normally found in the system.9

Consistent with the fi ndings of the MPTP model, the pharmacologic treatment is dopamine 

agonists, which raise the existing levels of this neurotransmitter above population norms in order to 

boost damaged neurons. Dopamine agonists, such as bromocriptine, pergolide, ropinirole, pramipex-

ole, and cabergoline, can be used as a monotherapy or in combination with L-dopa. L-dopa crosses 

the blood-brain barrier and is freely synthesized into dopamine without biochemical regulation.3 

The elevation of dopamine in the central nervous system stimulates the remaining viable dopamine 

neurons of the substantia nigra by increasing the electrical fl ow, which results in restoration of the 

regulator function of the dopamine bundles and improvement of disease symptoms.7 The shortcom-

ing is tachyphylaxis, where the dopamine agonist and/or L-dopa become ineffective.

With Parkinson’s patients, establishing dopamine levels in the reference range reported by the 

laboratory does not provide relief of symptoms. For example, the reference range of urinary dop-

amine reported by the laboratory is 40 to 390 micrograms of dopamine per gram of creatinine (the 

neurotransmitter-creatinine ratio compensates for dilution of the urine). In our years of research, 

we have not observed a patient with Parkinson’s who was able to achieve relief of symptoms with 

dopamine levels in this range. For treatment of patients with Parkinson’s, the therapeutic range of 

urinary dopamine is 6000 to 8000 micrograms of dopamine per gram of creatinine. Dopamine 

levels of this magnitude can be achieved by administration of the amino acid precursor, L-dopa. 

Amino acid supplementation can reduce the tachyphylaxis generally associated with pharmacologic 

interventions. Once the synaptic levels of dopamine are high enough and the fl ow of electricity is 

once again adequate to regulate fi ne motor control, clinical resolution of the Parkinsonian tremor 

and other symptoms are seen.40

As with Parkinsonism, the damage to other neuron bundles of the serotonin/catecholamine path-

ways as seen in depression can be dealt with effectively by increasing the neurotransmitter levels 

higher than is normally found in the system. This has led our group to propose the bundle damage 

theory of depression.

THE BUNDLE DAMAGE THEORY

The bundle damage theory states: 

Neurotransmitter dysfunction disease symptoms, such as symptoms of depression, develop when the 

electrical fl ow through the neuron bundles that regulate function is compromised by damage to the 

individual neurons or the neuron components composing the neuron bundle which conducts electricity 

to regulate or control function. In order to optimally restore neuron bundle regulatory function, synap-

tic neurotransmitter levels of the remaining viable neurons must be increased to levels higher than is 

normally found in the system, which restores adequate electrical outfl ow resulting in relief of symptoms 

and optimal regulatory function. 

Bundles of neurons convey electricity that regulates numerous functions in the body. If enough 

of the individual neurons of a bundle become damaged, the fl ow of electricity through the bundle 
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is diminished. Decreased function causes symptoms of disease to develop. Technically synaptic 

neurotransmitter levels prior to treatment in patients with disease due to neuron bundle damage are 

in the normal range for the population.

The bundle damage theory and the monoamine theory are not mutually exclusive of each other. 

Instead these two theories can be viewed as complementary in that they address different mecha-

nisms of action leading to neurotransmitter dysfunction and compromised electrical fl ow out of 

the postsynaptic neuron. The monoamine theory addresses low levels of neurotransmitters in the 

synapse as the etiology of impedance of electrical fl ow needed to regulate function and keep 

disease symptoms under control. The bundle damage theory addresses damage to the primarily 

postsynaptic neuron structures that impede the fl ow of electricity needed to regulate function 

and keep disease symptoms under control. With the monoamine theory and the bundle damage 

theory the fl ow of electrical energy needed to regulate function is not adequate. Differentiation 

of the two theories lies in the etiology of the dysfunction. Under monoamine theory returning 

neurotransmitter levels to normal will relieve disease symptoms. Under the bundle damage theory 

synaptic neurotransmitter levels need to be established that are higher than the reference range of 

the population.

It is the mechanical damage to the postsynaptic neurons as suggested by the bundle damage 

theory and not the synaptic neurotransmitter levels that is the primary cause of monoamine disease. 

This subset is composed of about 88% of adult patients and 100% of the elderly patients with depres-

sive symptoms—the nonresponders from the depression studies above.

Neurons are intended to function for life. Loss of a neuron to apoptosis is permanent, although 

in limited areas of the brain neurons may regenerate to replace the neurons that have undergone 

apoptosis.58 As neurons go into apoptosis in the postsynaptic neuron and become completely non-

functional they tend to go through an agonizing death where the electrical brilliance with which 

they function slowly fades until the electrical fl ow through the neuron regulating function decreases 

and stops over time.

The only way to increase neurotransmitter levels in the central nervous system is to administer 

amino acid precursors that cross the blood-brain barrier and are then synthesized into neurotrans-

mitters. Increasing neurotransmitter levels in the synapse is analogous to increasing the voltage in 

an electrical wire, where by turning up the voltage you get more electricity out of the other end of 

the wire. Turning up the voltage increases the electrical potential (pressure) of the electrons enter-

ing a partially damaged wiring connection, leading to more electrons (electricity) fl owing out of 

the other end. In the case of neurotransmitter disease where the neurons of the neuron bundles are 

damaged to the point that the electricity fl owing out of the neuron bundles is diminished disease 

develops. Increasing neurotransmitter levels will effectively increase voltage in the remaining via-

ble neurons in the bundle, causing electrical fl ow out of the damaged neuron bundles to increase to 

the point that normal regulation and/or control is once again observed. In this state, from a clinical 

standpoint, the symptoms of disease are under control.

ETIOLOGY OF BUNDLE DAMAGE

Bundles of monoamine neurons can be impaired from neurotoxin exposures, trauma, or biologi-

cal insult.56 Neurotoxin exposures are poorly defi ned and ongoing exposures are in contrast to the 

MPTP study model of Parkinsonism. The most comprehensive listing located reveals 1179 known 

neurotoxins.39 Susceptibility of individuals based on genetic predisposition, environmental infl u-

ences, synergy between chemicals, or other predisposing factors suggests that some individuals 

may experience neurotoxicity from many unlisted substances and at lower than threshold doses 

of known neurotoxins, and needs to be considered. Under the bundle damage theory it is assumed 

that neurotoxins are the leading cause of monoamine bundle damage leading to the following 

speculation:
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FIGURE 29.1 The monoamine neurotransmitters serotonin, dopamine, norepinephrine, and epinephrine 

do not cross the blood-brain barrier; therefore, peripheral administration of these neurotransmitters will not 

increase central nervous system neurotransmitter levels. The amino acid precursors of these neurotransmitters 

do cross the blood-brain barrier. The way to increase central nervous system neurotransmitter levels is through 

administration of amino acid precursors.

The bundle damage’s theory of repeated insult during a lifetime can explain the lack of effi cacy seen 

in the treatment of elderly with reuptake inhibitors who presumably have greater cumulative lifetime 

effects from neurotoxins and other events that cause neuron damage. In the end these patients need 

to have neurotransmitter levels established that are much higher than can be achieved with reuptake 

inhibitors alone.

With repeated insult more damage occurs, which is cumulative. When the damage is at the point 

where the neurotransmitter levels needed to control disease symptoms cannot be achieved with the 

use of reuptake inhibitors alone, from a clinical standpoint it appears that the drug is not working. 

This may explain why about 90% of adults treated with reuptake inhibitors achieve results no better 

than placebo.

The bundle damage theory may also explain why developed countries have a higher rate of 

depression as the population is exposed at a higher rate to neurotoxins.

Since insult exposure may be ongoing in patients with depression, optimizing nutritional status 

is important. Improving neuronal ability to minimize and recover from toxic insult forms the basis 

of the antioxidant nutrients in Chapter 28, “Parkinson’s Disease,” and the membrane-stabilizing 

nutrients in Chapter 24, “Seizures.”

IV. PHARMACOLOGY

AMINO ACIDS

Treatment of depression, as well as any other monoamine neurotransmitter diseases, is not pos-

sible through the direct administration of monoamine neurotransmitters. This is due to the fact that 

monoamine neurotransmitters do not cross the blood-brain barrier, as depicted in Figure 29.1.2–5 The 

only way to increase the levels of central nervous system monoamine neurotransmitter molecules is 

to provide amino acid precursors, which cross the blood-brain barrier and are synthesized into their 

respective neurotransmitters by presynaptic neurons.6,7

REUPTAKE INHIBITOR DEPLETION OF MONOAMINE

The National Institute of Drug Abuse presents a detailed discussion on its website on how reuptake 

inhibitors deplete neurotransmitters.22 Medicines used to treat depression are not the only drugs 

that block reuptake; cocaine and amphetamines block reuptake as well.22 Reuptake inhibitors block 
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FIGURE 29.2 The effects of reuptake inhibitors on neurotransmitter levels, reuptake inhibition may deplete 

neurotransmitters. In the left picture, prior to treatment, neurotransmitter levels are not high enough to prevent 

symptoms of disease. In the center picture, reuptake is blocked, neurotransmitters move from the vesicles of 

the presynaptic neuron to the synapse. In the right picture, the neurotransmitters are depleted, the increase in 

synaptic neurotransmitter levels results in an increase in MAO and COMT metabolism. (From [22].)

the uptake of neurotransmitters back into the presynaptic neuron. In doing so, synaptic levels are 

increased. As synaptic neurotransmitter levels rise, relief of symptoms is observed.

Monoamine Oxidase (MAO) and the Catecholamine O-Methyl Transferase (COMT) enzymes 

metabolize serotonin, dopamine, norepinephrine, and epinephrine. The monoamine neurotrans-

mitters are relatively stable and are not metabolized until they come in contact with the MAO 

and COMT enzymes. When neurotransmitters are in the vesicles of the presynaptic neuron, they 

are not exposed to metabolism by the MAO and COMT enzymes; they are safe and stable. When 

neurotransmitters are in the synapse between the presynaptic and postsynaptic neuron, they are 

exposed to enzymatic metabolism, which leads to the depletion of neurotransmitters if proper levels 

of amino acid precursors are not administered to compensate for this process.24

In depressed patients, synaptic neurotransmitter levels are not high enough to prevent disease 

symptoms, as illustrated in Figure 29.2. Treatment with reuptake inhibitors leads to a decrease 

in presynaptic neurotransmitter levels (where they are safe from enzymatic metabolism) and an 

increase in the number of neurotransmitters in the synapse. The blocking of neurotransmitter 

reuptake increases synaptic levels and the probability that neurotransmitters will experience enzy-

matic metabolism.

With regard to Figure 29.2, the net effect of enzymatic metabolism is the depletion of neurotrans-

mitter levels in the central nervous system. Neurotransmitters do not cross the blood-brain barrier. 

Therefore, the only way to increase central nervous system levels or to prevent the overall depletion 

of neurotransmitters when administering prescription drugs that block reuptake is to provide amino 

acid precursors, which are then synthesized into neurotransmitters. Administering L-tyrosine (not 

phenylalanine or n-acetyl-tyrosine) or L-dopa is the only way to predictably raise dopamine, nor-

epinephrine, and epinephrine. Administering tryptophan or 5-hydroxytryptophan (5-HTP) is the 

only way to predictably raise serotonin levels in the central nervous system. It is noted that 5-HTP, 

L-dopa, and tyrosine are available in the United States without a prescription. The ability of trypto-

phan to raise serotonin levels is limited because it is a rate-limited reaction.

The effects of neurotransmitter depletion by drugs may have far-ranging implications. It has been 

found in studies that depletion of serotonin by drugs may also lead to a reduction in the number of 

serotonin synapses in the hippocampus.43

MONOAMINE SYNTHESIS FROM AMINO ACIDS

The synthesis of serotonin and the catecholamines is illustrated in Figure 29.3. Peripheral adminis-

tration of only 5-HTP (serotonin system) or only L-dopa (dopamine system) will decrease the synthe-

sis of the other system (dopamine or serotonin respectively).57 With administration of only one amino 

acid precursor, the administered amino acid precursor dominates the enzyme and compromises 

proper synthesis of the other system’s neurotransmitters. This is due to the fact that the same enzyme 

catalyzes the conversion of 5-HTP to serotonin and L-dopa to dopamine everywhere in the body.
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FIGURE 29.3 The synthesis of serotonin, dopamine, norepinephrine, and epinephrine from amino acid 

precursors.

The aromatic L-amino acid decarboxylase enzyme is also known as 5-HTP decarboxylase, 

L-dopa decarboxylase, and the general decarboxylase enzyme. Its function is illustrated in a kidney 

in Figure 29.4 (bottom right). The implications of this fact are profound.10 The administration of only 

5-HTP or L-dopa will compete with and inhibit the synthesis of the opposite precursor (dopamine and 

serotonin, respectively) at the enzyme.

In patients with Parkinson’s, the long-term administration of L-dopa with insuffi cient serotonin 

precursors will result in depression. The literature is very clear that this depression is a serotonin-

dependent depression, which responds optimally to the most serotonin specifi c reuptake inhibitor, 

citalopram.11

AMINO ACIDS AND MONOAMINE METABOLISM

The MAO and COMT enzymes metabolize serotonin and the catecholamines, as illustrated in 

the kidney in Figure 29.4 (bottom left).12 The implications are that the levels of these two enzyme 

systems are not static; they fl uctuate in response to changing neurotransmitter levels. When neu-

rotransmitter levels are increased, enzymatic activity also increases.14,23–26

If you administer L-dopa or 5-HTP, the activity of MAO and COMT increases due to the 

increase in dopamine and serotonin levels, respectively. When L-dopa is administered without 

5-HTP; both dopamine and serotonin will be subjected to increases in metabolism by these two 

enzyme systems. However, serotonin will not experience an increase in production, which leads 

to further depletion. The same rule is true of 5-HTP administered without the use of dopamine 

precursors. In sum, the administration of 5-HTP or L-dopa that is improperly balanced with the 

amino acid precursors of the other system will deplete the other system due to the increased 

metabolism of MAO and COMT, decreased synthesis, and uptake competition (as covered in the 

next section).
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FIGURE 29.4 The neurotransmitters and amino acids are fi ltered at the glomerulous are uptaked in the 

proximal renal tubules by the cation ports of the proximal convoluted renal tubule cells. The proximal convo-

luted renal tubule cells then further fi lter the neurotransmitters and amino acids into separate areas where the 

neurotransmitters are metabolized and the amino acids are synthesized into new neurotransmitters that are 

then either excreted into the urine or secreted into the system via the renal veins.

AMINO ACID UPTAKE

In order for the synthesis of monoamine neurotransmitters to occur, the amino acid precursors must 

undergo uptake into the cells performing synthesis. This process occurs in numerous places throughout 

the body including the central nervous system, kidneys, liver, gastrointestinal tract, mesentery, lungs, 

and peripheral nerves. The “cation uptake ports” found in the proximal convoluted renal tubule cells are 

a prototype for amino acid uptake (see Figure 29.4 at the top center).16

Neurotransmitters synthesized by the kidneys are the source of urinary serotonin and 

catecholamines.16–19 Serotonin and the catecholamines are synthesized by the kidneys, then excreted 

into the urine or secreted into the system via the renal veins.20 Competition occurs for the uptake 

of amino acids. Administration of only L-dopa inhibits uptake of 5-HTP.44 Administration of only 

5-HTP has the same effect on L-dopa uptake.

V. TREATMENT

It is not possible to design a diet where the patient can obtain enough amino acids to affect even level 

1 amino acid dosing (see Table 29.1), since the amino acid dosing requirement is higher than can be 

achieved with diet alone. Amino acid precursors of serotonin and dopamine have two primary appli-

cations. First, proper use of amino acid precursors will keep drugs that work with neurotransmitters 
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TABLE 29.1
Amino Acid Dosing Protocol (milligrams of 5-HTP/milligrams of tyrosine)
LEVEL AM NOON 4 PM 7 PM

1 150/1500 150/1500

2 150/1500 150/1500 300/1500

3 150/1500 150/1500 300/1500 300/1500

Note: If relief of symptoms is not obtained with level 3 dosing, obtain urinary neurotransmitter testing. Use of 

proper levels of cofactors and sulfur amino acids is required for optimal results.

from depleting neurotransmitters, thus allowing the drugs to keep functioning and functioning opti-

mally. Second, proper use of amino acids can also serve as the treatment modality.

The generic protocol developed for treatment of neurotransmitter dysfunction disease relating to 

the catecholamine system and/or serotonin system involves the use of tyrosine, 5-HTP, and cofactors. 

Results do not appear to be dependent on taking the amino acids with or without food. The following 

cofactors need to be used along with the amino acid precursors:

Vitamin C 1000 mg/day• 

Vitamin B6 75 mg/day• 

Calcium 500 mg/day• 

In addition:

Cysteine 4500 mg/day in equally divided doses• 

Selenium 400 μg/day• 

Folic acid 2000 to 3000 μg/day• 

should also be used to prevent depletion of the methionine-homocysteine cycle (Figure 29.5) by 

L-dopa and presumably by L-tyrosine from which L-dopa is synthesized. Administration of L-dopa 

leads to depletion of S-adenosyl-methionine (SAMe), a component of the methionine-homocysteine 

cycle that is the one carbon methyl donor of the body; proper levels of SAMe are needed in order for 

norepinephrine to be methylated to epinephrine. Long-term use of L-dopa without proper adminis-

tration of amino acids of the methionine-homocysteine cycle leads to depletion of epinephrine.37

There is a “total loss” of sulfur amino acid associated with treatment of Parkinsonism with 

L-dopa as evidenced by the loss of total glutathione that occurs.41

Glutathione is synthesized in a side chain reaction off the methionine-homocysteine cycle (see 

Figure 29.5). The loss of total glutathione leads to a state where the body’s most powerful detoxifying 

agent (glutathione) is no longer functioning properly and is unable to neutralize further toxic insult, 

leaving the patient in a state where more toxic damage is facilitated. All patients taking L-dopa and/

or L-tyrosine need to be supplemented with adequate levels of sulfur amino acid to prevent deple-

tion of the methionine-homocysteine cycle, depletion of glutathione, depletion of epinephrine, and 

the other components dependent on the methionine-homocysteine cycle. While administration of 

any of the sulfur amino acids in the cycle is adequate if the dosing is high enough, cysteine is chosen 

since it costs only about 11 cents per day wholesale.

Selenium 400 μg/day needs to be administered with cysteine to prevent cysteine (sulfur amino 

acids) from creating an environment that contributes to central nervous system neurotoxicity from 

methylmercury. Administration of cysteine can potentially facilitate concentration of methylmercury 
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FIGURE 29.5 The methionine–homocysteine cycle.

into the central nervous system.46 Selenium binds irreversibly to methylmercury in the central nervous 

system, rendering the methylmercury biologically inactive and nontoxic.47

Folic acid is required in order to provide optimal function of the folic acid cycle, which in turn 

prevents hyperhomocysteinemia from preventing the methionine-homocysteine cycle from function-

ing properly. As noted previously, without proper administration of amino acids of the methionine-

homocysteine cycle there will be depletion of epinephrine. It would appear the second factor driving 

epinephrine levels beyond methionine-homocysteine cycle depletion is hyperhomocysteinemia. It 

can take 3 to 6 months for hyperhomocysteinemia to return to normal when proper levels of folate, 

vitamin B6, and vitamin B12 are provided for. It appears to be no coincidence that it can take 3 to 

6 months for epinephrine levels to return to normal—a fact that appears to parallel homocysteine 

improvement.

When the goal of treatment is to prevent depletion of neurotransmitters by prescription drugs or 

in associated situations where prescription drugs are no longer working effectively during treatment 

due to the neurotransmitter levels falling too low from depletion due to circumstance set up by the 

drug,45 the patient should be placed on the level 1 amino acid dosing (see Table 29.1) along with the 

prescription drug, cysteine, selenium, and folate. While amino acid precursors when used alone and 

properly are highly effective, a drug/amino acid combination may be desirable with severe disease, 

such as the suicidal patient, the catatonic patient, or the patient unable to take part in normal day-to-

day functions such as work. Supplementing with amino acid precursors allows reuptake inhibitors 

to continue to function optimally without tachyphylaxis.

When amino acids are used as the initial therapy, start all patients on the level 1 dosing protocol 

of Table 29.1 along with cofactors and proper methionine-homocysteine cycle support at the fi rst 

visit. Patients should return in 1 week, at which time focus on how the patient’s symptoms were 

the previous day. Asking about the previous day’s symptoms is more indicative of changes in the 

system brought about by amino acid therapy since it takes 3 to 5 days for the full effects of starting 

or changing an amino acid dosing to be displayed.

If symptoms are not fully under control in 1 week, increase to the level 2 dosing along with cofac-

tors and proper sulfur amino acid support and instruct the patient to return in 1 week. At the third visit, 

if symptoms are not under control, increase to the level 3 dosing along with cofactors and proper sulfur 

amino acid support and have the patient return to the clinic in 1 week. If in 1 week symptoms are not 

under control, continue the level 3 dosing and obtain a urinary neurotransmitter test of the caliber 
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provided by a laboratory under the direction of a hospital-based laboratory pathologist.40 Follow the 

amino acid dosing recommendations generated after review of testing preformed under the supervi-

sion of a board-certifi ed laboratory pathologist. Patients should return in 1 week to discuss results 

and amino acid dosing changes that may be needed. Any time an amino acid dosing change occurs, 

patients should return in 1 week to evaluate the results. Over 60% of patients tested needed only one 

neurotransmitter test. This is consistent with complete resolution of symptoms after adjusting the 

amino acid dosing in accordance with the consultant recommendations on the test.

When treating depression, if amino acid dosing changes establish both the serotonin and dop-

amine in the phase 3 therapeutic range (see urinary neurotransmitter testing in the following) and 

no relief of symptoms is achieved, consider the possibility of depressive bipolar disorder. Under 

treatment with the amino acid protocol approximately 2% of patients are found to suffer from 

depressive bipolar disorder that has not been previously diagnosed. The primary care physician at 

this point should continue the amino acids and initiate a psychiatric referral in order to affect start-

ing of a mood-stabilizing bipolar drug. It is noted that as long as the amino acids are continued, 

over 99% of patients started on mood-stabilizing drugs such as lithium, Depakote, or Lamictil fi nd 

complete resolution of depression on the standard starting dose.

VI. SAFETY

The following is a side effect profi le developed from approximately 50 patient-years of databased 

treatment in hand at NeuroResearch Clinics, Inc. The following results were obtained from patients 

taking only amino acids with no prescription drugs:

Dry mouth 34 (2.1%)

Insomnia 14 (0.9%)

Headache  12 (0.7%)

Nausea 10 (0.6%)

Dizziness 6 (0.4%)

Constipation 6 (0.4%)

All other side effects were reported at a rate of less than 1 in 500 visits (0.02%). No irreversible 

side effects were noted.

Amino acid precursors are safe to administer with any prescription drug, but amino acid precursors 

can also cause the side effects of the prescription drugs to be displayed. Any side effect associated with 

the drug can be triggered. For example, a patient was taking an SSRI with the side effect of malignant 

neuroleptic syndrome listed. As the amino acids were started, the patient developed new onset malig-

nant neuroleptic syndrome. When drug side effects occur, it is necessary to manage the situation as 

you would with any other prescription drug side effect, which in general means decreasing or stopping 

the drug, not the amino acid.

With regards to pregnancy there is nothing in the literature indicating that the amino acid precursors 

are a problem. Nor is there anything in the literature indicating studies have been performed indicating 

they are safe. In this light it is recommended that amino acid precursors not be used in the fi rst trimester 

of pregnancy.

VII. SYSTEMS PRIORITY

The serotonin and/or catecholamine system has a role, either directly or indirectly, in controlling 

most of the other systems and functions in the body. For example, cortisol synthesis is controlled 

in part by norepinephrine. Hormone synthesis is dependent on norepinephrine. The sympathetic 

nervous system is controlled by norepinephrine. Other neurotransmitter systems are partially con-

trolled by the serotonin and/or catecholamine systems. For example, the gamma aminobutyric acid 
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(GABA) neurotransmitter system is associated with control of anxiety and panic attacks. Yet when 

the serotonin and/or catecholamine neurotransmitter levels are brought to proper levels, as con-

fi rmed by lab testing, these diseases may be fully under control. This would indicate control of 

GABA by the serotonin/catecholamine system even though at this time we have been unable to 

identify a chemical pathway for such in the literature.

VIII.  PATIENT EVALUATION: URINARY NEUROTRANSMITTER 
TESTING MONOAMINES IN THE KIDNEYS

There is no correlation between baseline urinary neurotransmitter testing and urinary neurotrans-

mitter phases once the patient is taking amino acid precursors. It is not necessary or even useful to 

measure baseline urinary neurotransmitters in treatment.40

Urinary monoamine neurotransmitters do not cross the blood-brain barrier.2–5 Urinary mono-

amine neurotransmitters are not neurotransmitters fi ltered by the glomerulous of the kidneys and 

excreted into the urine. They are neurotransmitters that are synthesized by the kidneys and excreted 

into the urine or secreted into the system via the renal veins.20 With simultaneous administration of 

serotonin and dopamine amino acid precursors, three phases of urinary neurotransmitter response 

have been identifi ed on laboratory assay of the urine (see Figures 29.6 and 29.7). The three phases of 

response apply to both serotonin and dopamine. In all the life forms tested that have kidneys along 

with serotonin and catecholamine systems, the three phases of urinary neurotransmitter response 

exist.40 In reviewing the literature it would appear that the three phases of urinary response to 

neurotransmitters were present in previous writings but were not identifi ed as such. For example, a 

1999 article notes that administration of L-dopa can increase urinary dopamine levels (phase 3) and 

decrease urinary serotonin levels (phase 1).42

The goal of treatment is to establish both urinary serotonin and dopamine levels in the phase 3 

therapeutic range. To determine the phase of serotonin and dopamine with certainty requires two 

urinary neurotransmitter tests to be performed with the patient simultaneously taking a different 

amino acid dosing of dopamine and serotonin amino acid precursors on each test and comparing 

the results. Not all patients will need to have the urinary serotonin and dopamine levels in the phase 

3 therapeutic range for relief of symptoms. In many cases, adjusting the amino acids so that the 

patient moves closer to the phase 3 therapeutic range of urinary serotonin and dopamine induces 

relief of symptoms. Then, no further amino acid adjustments or testing are needed unless disease 

symptoms return. If the patient misses one or more amino acid doses in the week prior to testing, 

wait until 1 week has passed with the patient properly taking all of their amino acids.

In phase 1, neurotransmitters synthesized by the kidneys are inappropriately excreted into the 

urine instead of being secreted into the system via the renal vein where they are needed (see Figures 

29.6 and 29.7). Increasing the amino acid dose in phase 1 will correct the problem of inappropriate 

neurotransmitter excretion. The amino acid precursor dosing of serotonin and dopamine, where 

the individual patient is in phase 1, varies widely in the population. The level at which the urinary 

serotonin is no longer in phase 1 ranges from 37.5 mg of 5-HTP per day to 3000 mg of 5-HTP per 

day. The level at which the urinary dopamine is no longer in phase 1 ranges from no L-dopa (with 

the use of L-tyrosine only in some patients) to 5400 mg of L-dopa per day in the patients not under 

treatment for Parkinsonism or restless leg syndrome.

Administration of proper levels of tyrosine with L-dopa is known as a “tyrosine base.” Proper 

use of the tyrosine base greatly reduces wild fl uctuations in dopamine levels found with admin-

istration of L-dopa alone and greatly decreases the need for L-dopa. It is postulated that the 

tyrosine hydroxylase enzyme is not completely shut down with the administration of L-dopa, 

leading to fl uctuations in the L-dopa produced from tyrosine synthesized to L-dopa then dop-

amine, which ultimately causes fl uctuations of dopamine. By providing ample tyrosine with 

administration of L-dopa, these fl uctuations of dopamine cease and the overall dosing needs of 

L-dopa decrease.
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FIGURE 29.6 The three phases of urinary neurotransmitter excretion in response to amino acid dosing. 

The horizontal axis is not labeled with specifi c amounts; it refl ects the general trend seen in the population. 

Amino acid dosing needs are highly individualized. The dosing level needed to infl ect into the next level var-

ies greatly throughout the general population. For example, some patients infl ect into phase 3 on 37.5 mg of 

5-HTP per day, while others need as high as 3000 mg/day. (From [40].)
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FIGURE 29.7 The three phases of urinary response to amino acid dosing. Two urinary neurotransmitter tests 

are required to determine the phase with certainty. PHASE 1: In phase 1, as the amino acid dosing increases or 

decreases the urinary serotonin or dopamine decreases or increases respectively. In phase 1, there is inappro-

priate excretion of neurotransmitters into the urine instead of the system where they are needed. PHASE 2: In 

phase 2, as the amino acid dosing increases or decreases the urinary serotonin or dopamine is low (<800 μgr/

gr creatinine for serotonin or <300 μgr/gr creatinine for dopamine). In phase 2, there is no inappropriate excre-

tion of neurotransmitters into the urine. The neurotransmitters are being excreted appropriately into the system 

and the urine. PHASE 3: In phase 3, as the amino acid dosing increases or decreases the urinary serotonin or 

dopamine increases or decreases respectively. In phase 3, there are adequate systemic serotonin and dopamine 

levels. The excess serotonin and dopamine are appropriately excreted into the urine.

By increasing the amino acid dosing of serotonin and dopamine precursors above the dosing 

of phase 1, the phase 2 response is observed (see Figures 29.6 and 29.7). In phase 2, urinary neu-

rotransmitter levels are low (<475 micrograms dopamine per gram of creatinine or <800 micrograms 

serotonin per gram of creatinine; the neurotransmitter-creatinine ratio compensates for dilution of 

the urine) and the inappropriate excretion of neurotransmitters into the urine has ceased. When in 

phase 2, neurotransmitters are being appropriately secreted into the system and not into the urine. 
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The model used to explain phase 2 is, “inappropriate excretion of neurotransmitters has now ceased 

as the amino acid precursor dosing is increased and the system is now fi lling up appropriately.”

As serotonin and dopamine amino acid precursors are increased above phase 1 and phase 2 

levels, all patients enter the phase 3 response (see Figures 29.6 and 29.7). Further increases in the 

amino acid dosing lead to increases in urinary dopamine and serotonin neurotransmitter levels if 

they are in phase 3. Phase 3 represents appropriate secretion into the system and appropriate excre-

tion of excess neurotransmitters synthesized by the kidneys into the urine.

In the case of chronic depression, research has shown neurotransmitter levels need to be established 

at levels that are in phase 3 and higher than the reference range reported by the laboratory in order to 

achieve optimal relief of group symptoms.40 In the case of serotonin, the reference range reported by 

the research lab is 48.9 to 194.9 micrograms of serotonin per gram of creatinine. The therapeutic range 

of urinary serotonin for the treatment of chronic depression is defi ned as 800 to 2400 micrograms of 

serotonin per gram of creatinine in phase 3. The reference range reported by the research lab of urinary 

dopamine reported by the laboratory is 40 to 390 micrograms of dopamine per gram of creatinine. The 

therapeutic range of urinary dopamine for the treatment of chronic depression is defi ned as 475 to 775 

micrograms of dopamine per gram of creatinine in phase 3.

It would appear that in depression, the same mechanism of action may be at work as is found in 

Parkinson’s disease. There is damage to dopamine and/or serotonin neuron bundles controlling affect, 

which can be compensated for by increasing serotonin and dopamine neurotransmitter levels higher 

than is normally found in the system. Just as with Parkinson’s disease, the bundle damage in chronic 

depression is permanent. In most patients simply returning neurotransmitter levels to normal or the 

reference range reported by the lab, as suggested by the monoamine theory, will not lead to relief 

of symptoms. As with Parkinsonism, treatment of depression may require long-term use of amino 

acids to control symptoms. After symptoms associated with monoamine neurotransmitter diseases are 

controlled with the proper administration of amino acid precursors, the need for ongoing amino acid 

therapy may present if symptoms have not been addressed fully under the monoamine theory.

Urinary monoamine neurotransmitter testing is used only when the patient has not responded to 

the levels 1 through 3 of the dosing protocol. Over 80% of patients will achieve relief of depression 

symptoms without laboratory testing.

GENERALIZABILITY

Laboratory-guided supplementation with amino acid precursors is also associated with clinically 

favorable outcomes in RLS and peroxismal limb movement disorder, where dopamine agonists 

are also the fi rst line of therapy and clinical response is readily observable by patients and docu-

mented with sleep studies. The dosing level of L-dopa at which dopamine is no longer in phase 1, in 

patients not suffering from RLS, ranges from 0 milligrams of L-dopa per day to 6000 mg of L-dopa 

per day. With a proper “tyrosine base” in place, L-dopa dosing in these patients ranges from 10 to 

1040 mg/day.

IX. CONCLUSIONS

The bundle damage theory creates a framework by which to offer patients new treatments for clini-

cal depression. The theory underscores the importance of minimizing toxic exposures, through 

avoidance where possible, through diminished uptake, and through adequate nutrients. Similarly 

patients who have inadequate substrate for neurotransmitter synthesis may need cofactors, nutrients 

involved in sulfur pathways, and amino acid precursors. Patients may also receive benefi t from 

amino acid precursors beyond what can be obtained from diet alone.

There are three primary considerations in the use of amino acids for treating depression. 

First, proper levels of amino acids should be administered with the drugs to prevent depletion of 

neurotransmitters. Second, proper use of amino acids will keep the drug functioning properly, 
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avoiding tachyphylaxis. Third, the use of amino acids may cause a drug side effect to become 

active. In summary, amino acids hold more therapeutic potential and less potential for harm when 

administration is physician guided.
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30 Sleep Disturbance

Jyotsna Sahni, M.D.

I. INTRODUCTION

Fifty to 70 million Americans have chronic problems with sleep. Adequate, quality sleep is crucial 

to good health yet there are many medical barriers to achieving it. Only 60% of physicians ask their 

patients about the quality of their sleep and only 20% of patients initiate a conversation about their 

sleep problems with their physicians.1 The biologic basis of these disturbances may be infl uenced 

by nutrition. This chapter presents diet, food, and nutrient strategies as adjunct interventions in a 

primary care setting.

II. PHYSIOLOGY OF SLEEP

Sleep has fi ve stages known as sleep architecture. Each stage lasts roughly 90 minutes. Stages 1 and 2 

are light, while stages 3 and 4 are deep and restorative. During deep sleep the body synthesizes growth 

hormone, testosterone, thyroid hormone, and immune mediators. Stages 1 through 4 are followed by the 

fi fth stage known as rapid eye movement (REM) sleep. REM accounts for approximately 25% of sleep. 

It is the dream cycle, the lightest sleep, during which time we consolidate memories.2

III. NUTRITION-RELATED CONSEQUENCES OF POOR SLEEP

Sleep deprivation is associated with weight gain. In a study of 924 participants between the ages of 

18 and 91, researchers found that people who slept the least weighed the most.3 Sleep deprivation 

may also lead to poor food choices that affect weight gain. In a study of 1203 individuals in the rural 

Midwest, the participants with less sleep ate more, chose fewer fruits and vegetables, and were less 

physically active.4 The Wisconsin Sleep Cohort Study showed that participants with less sleep had 

reduced leptin and elevated ghrelin.5 Since leptin signals satiety and ghrelin mediates hunger, the 

higher rates of obesity were attributed to excess caloric intake. In an epidemiological study of 2494 

individuals born from 1981 to 1983 in Australia, sleeping problems at ages 2 to 4 years increased 

the odds of being obese in young adulthood by 90%.6 A 13-year prospective trial of young adults in 

the United States also showed an association of short sleep duration and obesity.7 The association 

between less sleep and body weight spans age groups but the underlying mechanisms remain poorly 

characterized.

Sleep duration and quality have emerged as predictors of levels of Hemoglobin A1c.8 The 

Massachusetts Male Aging Study, a large prospective trial of 1564 men followed for 16 years, 

reported that those whose sleep duration was less than or equal to 5 and 6 hours were twice as likely 

to develop diabetes. Men reporting sleep duration greater than 8 hours were more than three times 

as likely to develop diabetes. Since this was a self-report, overall sleep time in this latter group is 

likely to represent duration in bed and could have represented men with Obstructive Sleep Apnea 

(OSA) who may spend more time in bed sleeping poorly. The authors suggest that the effects of 
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sleep on diabetes could be mediated via changes in endogenous testosterone levels. The relative 

ratios of risk remained signifi cant when adjusted for testosterone levels.9 Short and long duration 

sleep times were associated with type 2 diabetes and impaired glucose tolerance in both men and 

women.10 Collectively these studies suggest a novel approach to optimizing glycemic control: opti-

mize sleep quantity and quality.

IV. MEDICAL CONDITIONS THAT DISRUPT SLEEP

INSOMNIA

Trouble sleeping is a common complaint of patients and is often a symptom of another medical prob-

lem. By working on the root problem, the insomnia is usually improved. There are two main kinds 

of insomnia. The fi rst is called sleep onset insomnia where the onset of sleep is delayed beyond the 

average 5 to 20 minute sleep latency. Behavioral evaluation and techniques are often successful in 

treating sleep onset insomnia. The second form of insomnia, maintenance insomnia, involves dif-

fi culty staying asleep. Frequent awakenings usually require medical evaluation and treatment. Many 

patients suffer from both types of insomnia. Women have more trouble with insomnia than men.

There are multiple reasons for both types of insomnia. Many medications, prescribed or OTC, 

affect sleep. Avoiding these drugs, using them sparingly, or fi nding substitutes that do not have sleep 

side effects can help. The treatments throughout this book can decrease or eliminate the need for 

many medications (see Table 30.1).

ANXIETY AND DEPRESSION

Sleep, diet, and anxiety affect one another. Anxiety makes restful sleep diffi cult to achieve while 

diffi culty sleeping can increase anxiety. Increased anxiety can lead to food cravings that can 

TABLE 30.1

Substances That Keep People Awake
Alcohol

Nicotine

Cocaine

Caffeine

Decongestants like Sudafed™ (pseudophedrine)

Ritalin™ (methylphenidate), diet pills, or other stimulants

Ginkgo 

Guarana

Siberian ginseng

Ephedrine, ephedra, and ma huang

Bitter orange

Yohimbe

Kola nut

Beta-blockers

Albuterol

Theophylline 

Wellbutrin™ (bupropion)

Selective serotonin reuptake inhibitors

Prednisone and other steroids
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interfere with sleep. Stimulants including foods with caffeine and high glycemic index carbohy-

drates should be avoided. Psychological and/or nutritional counseling can help many people reduce 

anxiety. Natural mind-body relaxation techniques such as meditation, yoga, and yogic breathing are 

shown to be effective at reducing anxiety.11–13  

Depression and poor sleep are linked, but it is not always clear which comes fi rst. It is interest-

ing to note that sad mood, irritability, diffi culty making decisions, and a sense of hopelessness and 

helplessness can be part of a diagnosis of clinical depression as well as of sleep deprivation. While 

early morning awakening can signal depression, insomnia itself can cause depression. Common 

antidepressants such as Prozac or Wellbutrin may have a negative impact on sleep. A study in 

patients with obstructive sleep apnea showed that treatment with continuous positive airway pres-

sure (CPAP) caused symptoms of depression to abate.14 Nutritional strategies for treating depression 

including vitamin D, omega-3 fats, and neurotransmitter precursors such as L-tryptophan may also 

improve sleep quality.15 

PAIN 

Pain from arthritis, headaches, GERD, and fi bromyalgia can make it hard to fall asleep and stay 

asleep. Sleep deprivation exacerbates pain.16 Medications and nutritional therapies targeted at the 

cause of pain can be employed to reduce pain and maximize good sleep.

BLADDER PROBLEMS 

Patients commonly complain that frequent trips to the bathroom during the night disturb their sleep. 

A multiple sclerosis patient may have a neurogenic bladder. A urinary tract infection may cause 

urinary frequency, urgency, and dysuria. Prostatic hypertrophy can cause urinary frequency. Taking 

prescription diuretics before bed such as hydrochlorothiazide or Lasix for blood pressure or heart 

issues, or drinking a diuretic “dieter’s” tea such as dandelion root may cause a patient to have uri-

nary urgency during the night. Simply overdoing fl uids before going to bed will result in a necessary 

and appropriate diuresis. Caffeinated beverages exacerbate this problem because the caffeine acts 

as a stimulant and also a mild diuretic. However, most patients misperceive that they’re getting up to 

urinate when in fact they are awakening for another reason. It is therefore important for a physician 

to consider alternative explanations and treatable diagnoses. 

GASTROESOPHAGEAL REFLUX

Consuming too much food close to bedtime can disturb sleep. Symptoms of gastroesophageal refl ux 

disease (GERD) can signifi cantly diminish sleep quality and quantity.17,18  Shorter dinner-to-bed 

time has been associated with an increased risk of GERD. Ideally, a gap of 4 hours between eating 

and sleeping is recommended.19

FOOD REACTIVITIES

Infants with cow milk intolerance may present with a disturbed sleep pattern, along with the more 

usual cutaneous, gastrointestinal, and respiratory problems.20 Sleep disturbance secondary to food 

allergies has a broad biologic basis, but its prevalence and pathophysiology are understudied.

MENOPAUSAL SYMPTOMS

The classic sleep disturbance of menopause involves falling asleep easily, but then being troubled with 

multiple awakenings throughout the night. The arousals may occur in isolation or be followed by a hot 

fl ash.21 These multiple arousals can set the stage for sleep maintenance insomnia and depression. The 
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frequent disturbances make other sleep problems such as restless leg syndrome worse. Treatment with 

isofl avones from soy foods and supplemental use of the herb black cohosh may help.22,23 Sometimes 

hormone replacement therapy is necessary. Sleep disturbances in menopausal women should not be 

assumed to be a consequence of falling levels of hormones. There is a three-fold increase in obstruc-

tive sleep apnea in women immediately following the onset of menopause, and diagnostic evaluation 

with polysomnogram may be warranted.

OBSTRUCTIVE SLEEP APNEA (OSA)

OSA is characterized by disordered breathing during sleep. To make the diagnosis, apnea must last 

for at least 10 seconds fi ve times in 1 hour of sleep. Patients may be unaware of their frequent arous-

als or may awake with an obvious “resuscitative” snort. Although 5% of the population has OSA, 

both physicians and patients alike are poorly aware of this common disorder. People with OSA are 

at higher risk for hypertension, heart attacks, arrhythmias, diabetes,24 strokes,25 and motor vehicle 

accidents. Most of the time, OSA is easy to identify and to treat. The most frequent symptom is 

excessive daytime sleepiness, the severity of which can be determined by the Epworth Sleepiness 

Scale, a simple questionnaire that can be administered to the patient in the waiting room before the 

doctor appointment (see Figure 30.1). A score greater than 10 is associated with signifi cant disabil-

ity and should prompt referral to a sleep specialist or directly to a polysomnogram. 

The diagnosis of OSA is made by taking a good history of the patient’s sleepiness and snoring. A 

bed partner can be interviewed or patients can videotape themselves sleeping. Physical exam may 

identify obesity, neck girth greater than 17 inches in men or 16 inches in women, a small chin, and 

large tonsils. Patients with risk factors can be referred for a polysomnogram. This entails an over-

night stay at a hospital or sleep lab where a patient can be monitored for abnormalities in respiration, 

EKG, EEG, and limb movement. CPAP, which blows air into the nose and/or oral cavity to keep the 

soft tissues from collapsing, can be adjusted during the sleep study. Diagnosis and treatment can be 

accomplished on the same visit.

Weight loss is usually necessary to improve, if not cure, OSA. This has prompted some physi-

cians to emphasize weight reduction without diagnosing and treating OSA. However, for many 

Use the following scale to choose the most appropriate number for each situation: 

Situation
Sitting and reading

Sitting inactive in a public place (e.g a theater or a meeting)

Sitting and talking to someone
Sitting quietly after a lunch without alcohol
In a car, while stopped for a few minutes in traffic

The practitioner adds the values for the final score. A score of 10 or above is usually
associated with significant disability and warrants further evaluation.

As a passenger in a car for an hour without a break
Lying down to rest in the afternoon when circumstances permit

Watching TV

slight chance of dozing
moderate chance of dozing
high chance of dozing

Chance of Dozing

no chance of dozing0
1
2
3

=
=
=
=

FIGURE 30.1 Epworth Sleepiness Scale.
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patients, weight loss can only be achieved once the OSA is appropriately treated with CPAP.26 OSA 

promotes insulin resistance and sleep deprivation, creating a vicious cycle of weight gain and wors-

ening OSA. CPAP should therefore be viewed as a primary care intervention for obesity as well as 

a treatment for OSA. 

RESTLESS LEG SYNDROME

Restless leg syndrome (RLS) is a disorder that is characterized by an uncomfortable, creepy, crawl-

ing feeling in the legs, feet, or thighs that is temporarily relieved by movement. Sometimes patients 

describe a pins-and-needles sensation and try to rub their legs or walk it off to relieve the discom-

fort. It can make falling asleep and staying asleep diffi cult. It can also occur during the day when 

one has to sit still at a desk or in a movie. Affl icting about 10% of the population, it tends to begin in 

the third decade of life and get worse over time. It is about 60% genetic and occurs more in women 

than men. RLS is thought to be due to abnormal iron metabolism and dopaminergic systems in the 

brain. It can be a primary disorder or secondary to iron defi ciency. Of individuals with conditions 

associated with iron-defi ciency states, including pregnancy, renal failure, and anemia, 25% to 30% 

may develop RLS.27 Caffeine, nicotine, saccharine,28 several prescription medications, fatigue, and 

extreme temperatures of either hot or cold can exacerbate this condition. RLS can cause periodic 

limb movements, insomnia, sleepiness, and phase delay. It is associated with attention defi cit hyper-

activity disorder and depression. RLS is underdiagnosed.

Adequate doses of iron may help treat restless leg syndrome and give relief to the patients who 

suffer from it.29 Iron repletion improved sleep disturbance in children with autism.30 Iron-rich foods, 

cooking in iron pots, and iron supplements have been shown to be effective in normalizing serum 

ferritin levels to at least 40 ng/mL. Minerals infl uence the central nervous system in poorly under-

stood ways. Food cravings stemming from iron defi ciency were identifi ed in the 1950s and given the 

name pica, although the mechanism is still not understood. Folate31 and magnesium supplements32 

may help. Nutritional analysis using RBC levels are available to quantify defi ciencies of these and 

other minerals. Typically these tests give a retrospective look at the 3 months prior to testing as that 

is the lifespan of the typical red cell. As nutritional defi cits are identifi ed, specifi c diet and supple-

ment recommendations can be made by the clinician. Sedating herbs such as kava kava, valerian, 

and hops also have a helpful role in promotion of sleep.

Gamma aminobutyric acid (GABA) is the most abundant inhibitory neurotransmitter in the 

mammalian brain. Barbiturates, benzodiazepines, nonbenzodiazepine hypnotics, and alcohol all 

affect the GABA receptor.33 GABA is produced from glutamate with the aid of vitamin B6. GABA 

is available as an over-the-counter supplement. It has shown effi cacy as a relaxant and anxiolytic.34 

Dopamine agonists such as Mirapex (pramipexole) and Requip (ropinirole) are considered fi rst-line 

pharmacologic treatments for RLS; however gabapentin and opioids do have a role in refractory 

cases.35 L-tryptophan has also been shown to increase dopamine levels and may be benefi cial in 

symptomatic relief of RLS.

PERIODIC LIMB MOVEMENT DISORDER

Periodic limb movement disorder (PLMD) causes the legs to twitch during the night, causing a brief 

awakening. The twitching typically occurs every 20 to 40 seconds and lasts between half a second to 

5 seconds. PLMD can involve the big toe, ankle, knee, or hip. It can occur in one leg, both, or alter-

nate legs and occasionally the arms. Since PLMD usually occurs during light sleep, stages 1 and 2, 

it may be diffi cult to fall asleep. Some patients are unaware of their kicking, but know they have 

trouble falling asleep; others feel that their feet are extremely cold; some report excessive day-

time sleepiness. Bed partners are often aware of the kicking behavior and may sleep elsewhere to 

avoid being kicked all night. The diagnosis is made by a polysomnogram and is defi ned by fi ve 

or more kicks in each hour of sleep that cause an awakening. The underlying cause of periodic 

TAF-67621-08-0801-C030.indd   489TAF-67621-08-0801-C030.indd   489 12/19/08   7:39:01 PM12/19/08   7:39:01 PM



490 Food and Nutrients in Disease Management

limb movement disorder is not well understood, but it does seem to have a genetic component and 

worsens with age. Similar to RLS, iron supplementation may improve severity of symptoms36 and 

dopaminergic medications are the fi rst line of pharmacologic treatment. Medications that interfere 

with neurotransmitter balance such as selective serotonin reuptake inhibitors, most antipsychotic 

drugs, and anti-dopaminergics like metoclopramide can precipitate PLMD. The amino acid neu-

rotransmitter precursors presented in Chapter 29, “Depression,” have not been studied for PLMD 

and RLS. 

DESYNCHRONOSIS

There are differences in circadian rhythms based on stage of life and also among individuals. 

Teenagers prefer going to bed late and waking up late. They also need closer to 9 hours of sleep, 

a little more than the typical adult. This tendency is known as delayed phase disorder. While most 

outgrow this pattern eventually, many continue to prefer the night when they are most alert and 

energetic. With age, many shift to an early-to-bed, early-to-rise routine. If bedtime has become 

unreasonably early (i.e., 7 p.m.), this is known as advanced phase disorder. Treatment for both 

delayed and advanced phase disorders includes consistency of wake and bedtimes, phototherapy, 

and possibly melatonin replacement.

Abnormal patterns and production of cortisol can be seen in disorders of desynchronosis. 

Cortisol levels are easily and reliably measured by saliva testing at intervals throughout the day.37 

In a normal individual, cortisol levels are high in the morning, upon awakening, giving alertness 

and energy during the day. Levels should wane in the evening, allowing for sleep. At times, this 

pattern is reversed, resulting in both sleep onset and/or sleep maintenance insomnia. If cortisol 

levels are abnormally high suggesting some degree of adrenal hyperreactivity, dietary intervention 

with high-potency multivitamins with extra vitamin C, vitamin B5, vitamin B6, zinc, and phos-

phatidyl serine may be benefi cial. Conversely, low cortisol levels suggest some degree of adrenal 

insuffi ciency and may lead to nonrestorative sleep and daytime fatigue. This situation may be served 

by a higher protein, balanced blood sugar with lower carbohydrate diet38 with ample fi ber and 

complex carbohydrates along with the above-mentioned supplements. In both hyper or hypocorti-

solemia, herbs, glandular formulas, and hormone replacement may be helpful. If cortisol patterns 

are signifi cantly disturbed, this may prompt investigation into the diurnal variation of melatonin 

levels, which may also be abnormal. Hypercortisolemia is associated with decreased melatonin 

levels, disrupting circadian rhythms (Figure 30.2).39 It is the tendency for patients with desyn-

chronosis from whatever cause to choose stimulant foods high in sugar, fat,40 salt, and caffeine. 

In addition to poor food choices, patients may also time their meals poorly. Abnormal cortisol 

production may be both a cause and consequence of poor sleep as well as excess weight. In a 

British study, blunted cortisol profi les were associated with signifi cantly poorer sleep quality and 

signifi cantly greater waist-hip ratio as well as a tendency to exhibit a less favorable metabolic 

profi le.41 

According to the National Sleep Foundation, 17% of Americans are shift workers and their sleep 

problems are compounded. As a group, they tend to be more sleep deprived than people working 

traditional hours. It’s very diffi cult to reset internal circadian clocks. The body’s urge to sleep is 

strongest between 12 midnight and 6 a.m. This is why 10% to 20% of shift workers report falling 

asleep on the job, especially on the second half of the shift. This also accounts for why it may be 

hard for shift workers to sleep during the day despite being tired. Sleep deprivation increases the 

probability of having other health problems, particularly indigestion, colds, fl u, weight gain, cardiac 

problems, and higher blood pressure. Female shift workers also suffer irregular menstrual cycles, 

diffi culty getting pregnant, higher rates of miscarriages, premature births, and low-birthweight 

babies. The risk of workplace accidents and automobile crashes rises for shift workers, especially 

on the drive to and from work.
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To combat jet lag, a few days before traveling, a gradual shift to the sleep and wake times of the 

destination will help. Upon arriving at the destination, adopting the prevailing sleep/wake time as 

soon as possible also is benefi cial. In the morning, natural light in the eyes sends messages to the 

pineal gland, the area of the brain that makes melatonin. Melatonin is a chronobiotic hormone that 

is synthesized from tryptophan. It affects the circadian rhythm, duping the brain into thinking it 

is dark and therefore time to go to sleep. This resets the internal clock and has sleep-promoting 

effects, both shortening sleep latency and lengthening sleep duration. Levels of melatonin are high-

est prior to bedtime. When traveling west to east, melatonin supplements, which are sold over the 

counter, may diminish sleep latency and reduce the number of days necessary to establish a normal 

sleep pattern, improve alertness, and reduce daytime sleepiness.42–44 Melatonin supplementation 

should be started on the day of travel (close to the target bedtime at the destination) and continued 

for several days.45 Doses range from 0.5 to 5 mg; above 5 mg there seems to be no added benefi t. 

In one study, the smaller and larger doses had similar effi cacy, although the larger dose did afford 

an earlier sleep onset.46 In a study of 100 children with sleep problems, over 80% benefi ted from 

supplementation with melatonin, which proved to be effective, inexpensive, and safe.47 Ramelteon 

is a prescription agonist that works only on melatonin MT(1) and MT(2) receptors and decreases 

sleep latency and increases total sleep time and sleep effi ciency, without causing hangover, addic-

tion, or withdrawal, at least for short-term application.48 Conversely, if traveling east to west, taking 

Benadryl (diphenhydramine), which tends to prolong the night and allows longer sleep, is a better 

choice. In general, it is easier to travel east to west because this lengthens the day.

Independent of travel and shift work, melatonin production may be abnormal, resulting in poor 

sleep. Melatonin can be accurately measured by saliva measurement with specimens obtained in 

FIGURE 30.2 Salivary cortisol and DHEA sample lab report. (From Genova Diagnostics Labs. With 

permission.)
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the morning, at noon, at midnight, over a complete dark-light cycle. Since melatonin is a key hor-

mone in regulating the HPA and supplementation is safe, evaluation is valuable (Figure 30.3).

V. NUTRITIONAL INTERVENTIONS

NEW FINDINGS IN CAFFEINE

Caffeine worsens most sleep disorders. It increases both adrenocorticotropin (ACTH) and cortisol 

secretion in humans.49 Caffeine’s effect on glucocorticoid regulation therefore has the potential both 

to alter circadian rhythms and diet, causing a vicious cycle of poor sleep, increased hunger, and poor 

dietary choices.50 

 1. Caffeine is often hidden (Table 30.2).

 2. What we eat up-regulates or down-regulates caffeine metabolism by acting on the same 

hepatic enzymes. Grapefruit juice delays the clearance of caffeine while smoking can dou-

ble the rate of clearance. Alcohol is widely consumed throughout the world and is a known 

inducer of P450 (CYP2E1). Like smoking, chronic alcohol use may lead to increased clear-

ance of caffeine.51

FIGURE 30.3 Salivary melatonin sample lab report. (From Genova Diagnostics Labs. With permission.)
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 3. Many common drugs interfere with the metabolism of caffeine. This may result both in an 

increase in caffeine blood levels and also may enhance caffeine’s diuretic effect. Unlike 

the other fl uoroquinolones, ciprofl oxacin inhibits the metabolism of caffeine, resulting in 

increased effects of caffeine. Cimetidine also increases caffeine levels, thereby a differ-

ent H2 antagonist (e.g., ranitidine, famotidine) should be administered to chronic caffeine 

users. Oral contraceptives and prednisone also increase caffeine levels due to the inhibi-

tion of caffeine metabolism.52 Conversely, caffeine inhibits the metabolism of theophyl-

line, which shares a similar chemical structure with caffeine, and can increase the serum 

concentrations of theophylline.53 A synergistic effect of increased stimulation can occur in 

patients taking theophylline and caffeine-containing foods and beverages. 

 4. Caffeine metabolism varies widely based on genetics. That means medications that are 

hepatically metabolized infl uence people differently. Medication can make one person 

more sensitive to their daily cup of coffee and not affect someone else’s metabolism of 

three cups of coffee. If a patient notices diffi culty in sleep at the time they began a medica-

tion, they may want to reevaluate their caffeine intake even if it hasn’t changed because 

their metabolism did change.

FOOD AS A SOURCE OF NEUROTRANSMITTER PRECURSORS

Going to bed hungry interrupts sleep. Hypoglycemia can cause multiple awakenings. Later in the 

night, hormonal counter-regulatory mechanisms are less effective.54

Nutritional rehabilitation of infants with protein-energy malnutrition measurably improved 

sleep quality. Disturbed serotonin levels were postulated to affect the sleep-wake cycle.55 Protein 

malnutrition is an extreme situation with inadequate substrate to synthesize the neurotransmitters 

required to mediate sleep. The principle, however, appears more broadly applicable. In a cross-

over design study, healthy infants given milk enhanced with tryptophan, a serotonin precursor, 

showed improvements in sleep parameters compared to when they were given standard milk.56 

A study of Horlicks,™ a malted milk hot drink popular in the United Kingdom, was shown to 

promote sleep and reduce bodily movements when drunk at bedtime.57 A diet low in carbohy-

drates and high in dairy intake intended to generate ketosis in children with epilepsy improved 

sleep quality.58 In a small study of elderly Japanese men and women given 100 g of fermented 

milk that contained Lactobacillus helveticus, there were signifi cant improvements in both sleep 

effi ciency and number of wakening episodes.59 Here’s another reason “breast is best.” Parents of 

infants who were breast-fed in the evening and/or at night slept an average of 40 to 45 minutes 

more than parents of infants given formula. This held true for fathers as well as mothers, so it was 

not due to the extra rest needed for breastfeeding. Rather the parental sleep was a marker for the 

infant’s sleep.60 

FOOD AS A SOURCE OF MICRONUTRIENTS

Information that treating iron defi ciency improves sleep is likely to be one of many fi ndings on 

how nutrient-components of food infl uence brain function. Neuroimaging techniques are just now 

becoming available to study this. An interesting study that points to upcoming research is that 

dietary patterns infl uence our dreams. Choices of food intake before bed may infl uence dream 

content, as seen in a small study showing differing effects of micronutrient-rich organic food versus 

nutrient-poor “junk” foods.63

ALCOHOL

Alcohol is a commonly used soporifi c because of its effect as a central nervous system depressant. 

After an initial disinhibition, one becomes sleepy. But for each drink, this early sedation is then 
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TABLE 30.2
Caffeine Content of Food & Drugs 
Coffees Serving Size (oz) Caffeine (mg)

Coffee, generic brewed 8

16 

133 (range: 102–200) 

266

Starbucks™ Brewed Coffee (Grande) 16 320

Einstein Bros.™ regular coffee 16 300

Dunkin’ Donuts™ regular coffee 16 206

Starbucks™ Vanilla Latte (Grande) 16 150

Coffee, generic instant 8 93 (range: 27–173)

Coffee, generic decaffeinated 8 5 (range: 3–12)

Starbucks™ Espresso, doppio 6.5 150

Starbucks™ Frappuccino™ blended coffee beverages, average 9.5 115

Starbucks™ Espresso, solo 1 75

Einstein Bros.™ Espresso 1 75

Espresso, generic 1 40 (range: 30–90)

Starbucks™ Espresso decaffeinated 1 4

Teas Serving Size (oz) Caffeine (mg)

Tea, brewed 8 53 (range: 40–120)

Starbucks™ Tazo Chai Tea Latte (Grande) 16 100

Snapple™ Lemon (and diet version) 16 42

Snapple™ Peach (and diet version) 16 42

Snapple™ Raspberry (and diet version) 16 42

Arizona Iced Tea™ black 16 32

Nestea™ 12 26

Snapple,™ Just Plain Unsweetened 16 18

Arizona Iced Tea,™ green 16 15

Snapple, Kiwi Teawi™ 16 10

Soft Drinks Serving Size (oz) Caffeine (mg)

FDA offi cial limit for cola and pepper soft drinks 12 71

Vault™ 12 71 (20 = 118)

Jolt Cola™ 12 72

Mountain Dew MDX,™ regular or diet 12 71 (20 = 118)

Coke Black™ 12 69 (20 = 115)

Coke Red™ regular or diet 12 54 (20 = 90)

Mountain Dew™ regular or diet 12 54 (20 = 90)

Pepsi One™ 12 54 (20 = 90)

Mello Yellow™ 12 53

Diet Coke™ 12 47 (20 = 78)

Diet Coke Lime™ 12 47 (20 = 78)

Tab™ 12 46.5

Pibb Xtra, Diet Mr. Pibb, Pibb Zero™ 12 41 (20 = 68)

Dr. Pepper™ 12 42 (20 = 68)

Dr. Pepper diet™ 12 44 (20 = 68)

Pepsi™ 12 38 (20 = 63)

Pepsi Lime, regular or diet™ 12 38 (20 = 63)

Pepsi Vanilla™ 12 37

Pepsi Twist™ 12 38 (20 = 63)

Pepsi Wild Cherry, regular or diet™ 12 38 (20 = 63)

Diet Pepsi™ 12 36 (20 = 60)

TAF-67621-08-0801-C030.indd   494TAF-67621-08-0801-C030.indd   494 12/19/08   7:39:01 PM12/19/08   7:39:01 PM



Sleep Disturbance 495

Soft Drinks Serving Size (oz) Caffeine (mg)

Pepsi Twist diet™ 12 36 (20 = 60)

Coca-Cola Classic™ 12 35 (20 = 58)

Coke Black Cherry Vanilla,™ regular/diet 12 35 (20 = 58)

Coke C2™ 12 35 (20 = 58)

Coke Cherry,™ regular/diet 12 35 (20 = 58)

Coke Lime™ 12 35 (20 = 58)

Coke Vanilla™ 12 35 (20 = 58)

Coke Zero™ 12 35 (20 = 58)

Barq’s Diet Root Beer™ 12 23 (20 = 38)

Barq’s Root Beer™ 12 23 (20 = 38)

7-Up,™ regular/diet 12 0

Fanta,™ all fl avors 12 0

Fresca,™ all fl avors 12 0

Mug Root Beer,™ regular/diet 12 0

Sierra Mist,™ regular or Free 12 0

Sprite,™ regular/diet 12 0

Energy Drinks Serving Size (oz) Caffeine (mg)

Spike Shooter™ 8.4 300

Cocaine™ 8.4 280

Monster Energy™ 16 160

Full Throttle™ 16 144

Rip It,™ all varieties 8 100

Enviga™ 12 100

Tab Energy™ 10.5 95

SoBe No Fear™ 8 83

Red Bull™ 8.3 80

Red Bull Sugarfree™ 8.3 80

Rockstar Energy Drink™ 8 80

SoBe Adrenaline Rush™ 8.3 79

Amp™ 8.4 74

Glaceau Vitamin Water Energy Citrus™ 20 50

SoBe Essential Energy,™ Berry/Orange 8 48

Frozen Desserts  Serving  Size (fl . oz)  Caffeine (mg)

Ben & Jerry’s™ Coffee Heath Bar Crunch 8 84

Ben & Jerry’s™ Coffee Flavored Ice Cream 8 68

Haagen-Dazs™ Coffee Ice Cream 8 58

Haagen-Dazs™ Coffee Light Ice Cream 8 58

Haagen-Dazs™ Coffee Frozen Yogurt 8 58

Haagen-Dazs™ Coffee & Almond Crunch Bar 8 58

Starbucks™ Coffee Ice Cream 8 50–60

Chocolates/Candies/Other  Serving  Size Caffeine (mg)

Jolt Caffeinated Gum™ 1 stick 33

Hershey’s™ Special Dark Chocolate Bar 1.45 oz 31

Hershey’s™ Chocolate Bar 1.55 oz 9

Hershey’s Kisses™ 41g (9 pieces) 9

Hot cocoa 8  oz 9 (range: 3–13)

continued

TABLE 30.2 (continued)
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followed by an equal amount of arousal. The sedation lasts roughly 1 hour and the hyperadrenergic 

stimulation lasts for roughly 1 hour. Therefore, it takes the liver about 2 hours to clear each drink. 

Excess alcohol intake leads to a restless sleep, night sweats, and headaches.64,65 Restricting quantity 

of alcohol, drinking it earlier in the evening, and slowing its absorption by eating food will help 

reduce the deleterious effects on sleep. Adequate hydration can also help. Alcohol, like any sedating 

drug, can worsen snoring and OSA.66

VI. CONCLUSION

Sleep disturbance is exceedingly common and is associated with many medical problems such as 

obesity, diabetes, cognitive challenges, pain, hypertension, and mood disorders. Primary care physi-

cians should be able to diagnose common sleep disorders, understand their clinical consequences, 

and prescribe appropriate interventions that include diet and nutrient recommendations.
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31 Osteoporosis 

The Scientifi c Basis of 
the Alkaline Diet

Lynda Frassetto, M.D., and Shoma Berkemeyer, Ph.D.

I. INTRODUCTION

Osteoporosis, or bone thinning, is typically a disease common in older age. Many factors including 

genetics and environment interact in bone growth and maintenance of adequate bone architecture. 

One such factor is the acid-base balance, which recent data suggest may be linked to osteoporosis. The 

chemical defi nition of an acid is a substance that generates hydrogen ions [H+] in solution, and a base 

or alkali is a substance that generates hydroxide ions [OH−] in solution. The measure of the balance 

between the acids and the bases in the blood is called the pH. Normal blood pH is alkaline, at about 7.4 

with a normal range from 7.35 to 7.45. Hence, a pH of 7.3 is chemically alkaline, since it is above 7.0, but 

physiologically acidic. This balance between acids and bases is typically affected by the body’s internal 

metabolic conditions and diet. A diet is considered to be acid forming if the balance between the acids 

and bases from dietary intake tips the balance toward the acid side.

Bone is one of the body’s endogenous reserves of base, since one major component is alkaline 

mineral salts such as calcium carbonate. As we will discuss in detail later on, exposing the bones to 

the excess acids from the diet [1] could potentially hasten bone demineralization and be associated 

with development of osteoporosis in later years. The kidney’s ability to excrete excess acid declines 

with age [2, 3]. The combination of high dietary acid intake and reduced renal acid excretion tends 

to produce higher net acid balances, especially in the age groups most at risk for osteoporosis [4]. 

To maintain electrical neutrality and buffer excess acid, the body must make a “trade-off,” using 

endogenous buffers such as bone alkali, and may have to accept a slightly higher net acid bal-

ance, which manifests as a slightly lower blood pH and plasma bicarbonate, although still within 

the range considered to be “normal” [5]. Eating a diet that does not produce a high diet acid load 

can reduce bone catabolism. The premise of this chapter is that modern-day diets in industrial-

ized countries, which tend to be net acid forming due to the high intake of grains and animal food 

products and the relatively low intake of fruits and vegetables, may be one of the important factors 

in osteoporosis.

II. EPIDEMIOLOGY

The Rancho Bernardo and the Studies of Osteoporotic Fractures groups in California, and the 

Framingham cohort in Massachusetts each closely examined osteoporosis risk factors [6–8]. The 
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epidemiology indicates that the nonmodifi able risk factors of race, gender, and age explain less of 

the disease than previously thought:

Currently over 75 million people in the United States, Europe, and Japan may have osteo-• 

porosis [9].

Although osteoporosis is more prevalent among women, elderly men are at moderate risk • 

of developing hip fractures [10] and about 20% to 25% of all hip fractures occur in men. 

Men over 50 yrs have an estimated lifetime risk of experiencing osteoporotic fracture of 

30%, which is the same as that of developing prostate cancer [11].

Osteoporosis can occur in childhood. Juvenile osteoporosis has an average age of onset • 

between 8 and 14 yrs and is observed especially during growth spurts [12, 13]. Children who 

experience their fi rst fracture in early life (<4 yrs) are vulnerable to further fractures [14]. 

Prevention of osteoporosis implies optimal bone growth from childhood to adulthood, so 

that the bones achieve the individual peak bone mass and, thereafter, the maintenance of the 

adult bone mass. A nonoptimal achievement of adult bone mass implies a compromised start 

to the normal aging process.

Osteoporosis can be secondary to other diseases such as hyperthyroidism, diabetes mellitus, • 

Cushing’s syndrome, malabsorption syndromes, and medications, such as corticosteroids, 

immunosuppressives, or anti-convulsants. These risk factors interact with the nonmodifi able 

risk factors.

Nutrition, lifestyle, and hormones such as testosterone, estrogen, and growth hormone all con-• 

tribute to the development of strong bones. Adequate protein, calcium, and vitamin D intake 

with regular physical exercise are usually recommended for optimal bone growth.

At least in modern Western societies, epidemiologic data support the hypothesis that modern diets 

[15–17] accompanied by a largely sedentary lifestyle [12] predispose people to osteoporosis. Dietary 

protein intake and the dietary ratio of animal foods to plant foods are the two primary factors in 

determining dietary acid or base load. Diet analyses from both the NHANES database and European 

database suggest that 60% to 70% of calories in the typical Western diet come from meat and dairy 

products, grains, and energy-rich, nutrient-poor food items. This is in contrast to poorer nations and 

regions with diets grossly characterized by higher intake of plant foods compared with animal foods 

where osteoporosis is much less prevalent [1, 18].

Adequate dietary protein intake is vital for bone health [18]. Several large cohort studies have dem-

onstrated the relationship between increased dietary protein intake and increased bone mineral density 

(BMD) [7, 8]. In contrast, Sellmeyer and colleagues demonstrated in a prospective cohort of elderly 

Caucasian women in the United States that high intake of animal protein was independently associ-

ated with lower BMD and a greater risk of fracture [6] (Figure 31.1). New and colleagues, evaluating an 

elderly population in the United Kingdom, also found a correlation between increased intake of animal 

foods and lower BMD [19]. A very recent study may resolve the apparent discrepancies between these 

studies. Thorpe and colleagues demonstrated that after adjusting for the sulfate (nonvolatile fi xed acid) 

content in protein, increased protein intake does correlate with increased BMD [20].

People in poorer nations and many preagricultural societies eat a higher proportion of vegetables 

[1, 17]. Vegetables generally contain limited amounts of protein and large amounts of alkali salts.

Renal function in the elderly is generally worse than in younger people [2, 3]. Declining renal 

function means lower blood fl ow to the kidneys, decreases in the amount of fl uid fi ltered through 

the glomerulus, and decreased ability to excrete an acid load in the urine [21]. Since the kidneys 

are responsible for managing the body’s net acid balance, the elderly will tend to have higher levels 

of blood acidity than younger population groups [4]. Studies from the Rancho Bernardo cohort of 

older adults have demonstrated that hip BMD is lowest in those with the greatest degree of renal 

failure [22].
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III.  SOURCES OF ENDOGENOUS AND DIETARY ACIDS AND 
ACID EFFECTS ON BONE IN IN VITRO STUDIES

Physiologically metabolic acidosis is defi ned as blood pH less than 7.35. Bone cells that dissolve 

bone mineral are more active in an acid environment. We will discuss how dietary factors contrib-

ute to the acid-base balance of the body. Western diets in particular lead to increased acid levels in 

the body, so that metabolic acidosis [4] or a long-term subclinical latent acidosis [23] prevails. Aging 

exacerbates this phenomenon [3, 4]. So, eating a Westernized diet may promote bone breakdown, 

and over a lifetime, predispose to osteoporosis.

BIOCHEMISTRY OF ACID PRODUCTION

Dietary acids are produced from metabolism of the sulfur-containing amino acids cysteine and 

methionine, which are present in diet proteins. This process results in the endogenous production of 

sulfuric acid from organic acids formed as intermediate metabolites:

Glucose => 2 lactate– + 2H+

Triglycerides => acetate– + H+

Nucleoproteins => urate– + H+

and from phosphoric acid produced by hydrolysis and metabolism of phosphoproteins [24]. Dietary 

base is thought to be produced from the potassium salts of organic anions metabolized to bicarbonate, 

such as potassium citrate or malate (see Figure 31.2). There is a difference in foods that are chemically 

acidic but physiologically alkaline. For example, citric acid, which is found in most citrus fruits, is an 

acid based on physical chemistry. However, inside the body at a pH of 7.4, citric acid forms citrate, an 

excellent supplier of base equivalents that can be metabolized to bicarbonate. One of the main methods 

the body uses to excrete excess acid is by adding hydrogen ions to bicarbonate, forming the unstable 

carbonic acid intermediate, and excreting the carbon dioxide (CO2) in the lungs as a volatile acid.

CO2 + H2O ↔ H2CO3 ↔ H+ + HCO3
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FIGURE 31.1 Hip fracture-free survival in 1035 women by ratio of animal to vegetable protein intake after 

multivariate adjustment. (From [6].)
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This rapid interchange between carbon-dioxide and bicarbonate contributes to the diffi culty esti-

mating their contribution to the net acid load [25]: Organic acids are thus an important contributor 

to the body’s net acid load [24, 26], and its net excretion is thought to be more or less a constant, after 

accounting for body size, even on Westernized diets (50 to 100 milliequivalents per day [mEq/d]*)

[26, 27]. Mineral acids, such as sulfates and phosphates, are stronger acids and remain highly disso-

ciated and thus reactive at the normal blood pH. Metabolic acids are excreted by the kidneys, which 

is the major reason renal failure leads to a metabolic acidosis.

The gold standard for evaluating dietary net acid loads is considered to be 24-hour urine collec-

tions for net acid excretion (NAE); that is, all of the acids that can be titrated, including the organic 

acids, minus the urine bicarbonate content. Because these studies require a research laboratory to 

analyze the urine contents, a simpler methodology, namely estimating the diet net acid load from 

dietary intake, exists.

METABOLIC ACIDOSIS EFFECTS ON BONE IN IN VITRO STUDIES

In vitro studies by David Bushinsky, Thomas Arnett, and their colleagues on metabolic acido-

sis on bone health in mouse calvaria have demonstrated that as the acid levels in the medium 

increase, the amount of calcium released from bone increases, as well as phosphates and carbon-

ates, with greater release of phosphates than bicarbonates [28]. Higher acid levels decrease both 

gene activation and bone mineralization activities of osteoblasts, the cells that build up bone 

[29, 30] and induce osteoblast production of prostaglandins that activate osteoclasts, the bone 

cells that increase bone breakdown [31–35]. In these studies, at a higher, more alkaline, pH, the 

bone loses less mineral content and is less likely to break down when exposed to hormones such 

as parathyroid hormone and vitamin D, which normally increase bone calcium release.

In vivo studies on metabolic acidosis on bone health in animals and humans have demonstrated 

that acidosis is negatively associated with growth. In animals, metabolic acidosis produces distur-

bances in normal growth hormone secretion patterns leading to growth retardation [36]. Human 
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FIGURE 31.2 The body’s electrical neutrality is maintained by balancing the cations and anions, many of 

which contribute to acid-base balance.

* Milliequivalents (mEq) are useful units because the body is electrically neutral, so the positive ions must equal the nega-

tive ions. To calculate milliequivalents from milligrams, divide the milligrams by the molecular weight of the compound 

[to get millimoles (mmol)] and multiply that by the charge on the ion.
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studies have demonstrated stunted growth in children [37, 38] due to metabolic acidosis, with 

increases in growth after alkali administration [37].

ACIDOGENIC OR ALKALINIZING CONTRIBUTION OF DIET INTAKES: 
PROTEIN, FRUITS, AND VEGETABLES

In typical diets in industrialized countries, the average person excretes acidic urine, indicative of the 

high acid intake in the diet (Figure 31.3) [39]. At higher diet acid intakes, the body’s ability to excrete 

the total acid load produced seems to be insuffi cient, and may lead to net acid retention. This was 

observed with diet acid loads greater than approximately 1 mEq/kilogram (kg) body weight  [40].

The preagricultural human diet, however, was reported to be net basic [15, 17], despite a relatively 

high protein consumption. One explanation for this is a greater intake of fruits and vegetables than 

meats and grains. Further, the nutritional density and net base producing potential of vegetables in 

earlier eras is proposed to have been higher than that of today’s agricultural produce [15].

Natural foods are low in sodium and chloride, while processed foods use table salt as both a 

preservative and a taste enhancer. Salt itself is an independent factor leading to higher acid loads 

[41]. Taken together, the present-day consumption of cereals (acidogenic), simple sugars (acidogenic 

when partially metabolized), non-neutralized protein consumption (acidogenic), and salt intake (aci-

dogenic) leads to a daily net acid load, principally of dietary origin, to the extent of 50 to 100 mEq/d 

[16, 17, 42], as observable in Figure 31.3.

One consequence may be a corresponding decrease in plasma bicarbonate. As the body’s free 

acid (hydrogen ion) levels are very tightly controlled, this means the body must use its endogenous 

stores of buffers in order to render the acid load in vivo harmless. Such endogenous buffers include 

the basic salts found in the bones, as well as intracellular buffers in the erythrocytes and muscles.

Dietary protein is an important factor in increasing diet acid load. To what extent this is true 

varies on the protein molecules, which are metabolized differently based on their amino acid con-

tent. Studies by Lennon, Lemann, and Relman clearly demonstrate higher urinary sulfate excretion 

in patients fed a high egg-white diet compared with those fed a soy protein diet [43]. This group 

of investigators, however, also demonstrated that soy protein is high in phosphoproteins, actually 

increasing total urinary acid excretion to a greater extent than an equivalent amount of protein 
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FIGURE 31.3 Proportion of subjects on typical American diets whose total body acid levels are increased. 

(From [39].)
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nitrogen fed as beefsteak [44]. Thus, different sources of dietary protein can contribute differing 

amounts of acid precursors. The majority of protein in typical Western diets comes from animal 

foods, which tend to be very low in alkalinizing compounds (see Figure 31.4) and therefore contrib-

ute mainly to the acid load of the diet.

To further evaluate the potential alkalinizing effects of fruits and vegetables, the authors ana-

lyzed data from the U.S. Department of Agriculture nutrient database* to determine the calculated 

net acid or base load for individual foods [17], the median content of phosphates and sulfates in 

fruits and vegetables, which are signifi cantly lower than in animal foods, and the potassium and 

organic anion, which is signifi cantly higher than in animal foods. Figure 31.4 demonstrates that 

plant foods contain signifi cantly higher potassium than animal foods. It further illustrates differ-

ences in the factors used to calculate NEAP between animal foods and plant foods. In general, fruits 

and vegetables are higher in alkali, and increased ingestion should help balance the high acid loads 

found in the animal-food and grain-based diets most prevalent in industrialized countries.

It is important to recognize that not all plant foods may be equally healthy. For example, children 

who eat a macrobiotic diet with a high percent of calories from grains have lower bone mass as 

adolescents than children not following a macrobiotic diet [45].

ESTIMATING THE NET ENDOGENOUS ACID PRODUCTION (NEAP) FROM DIET INTAKES

The acid or alkaline load of the diet or even food groups can be estimated by means of various pub-

lished formulae that estimate the “net endogenous acid production” (NEAP), that is, the difference 

between the total amount of acid produced and the total amount of acid excreted by the body. Such 

analyses require access to a detailed food database. Acid production stems from metabolism of both 

the exogenous diet and the body’s endogenous substrates. One such diet-based estimate of NEAP is 
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* http://www.nal.usda.gov/fnic/foodcomp/search/.
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derived from the Remer-Manz model [46]. A detailed estimate of NEAP is calculated by summing 

a diet-based net acid load component called the potential renal acid load (PRAL) [46], and a non-

diet-based organic acid component called the anthropometric organic acid (OAanthro) [26, 27]. PRAL 

itself is a net summation of the diet cations and anions, taking their gastrointestinal absorptions into 

account. The sulfate anion of PRAL is calculated using the average sulfur content per gram protein 

across all foods containing sulfurated amino acids. The formula for NEAP estimated according to 

this method is as follows.

 NEAP = PRAL + OAanthro (1)

where

PRAL =  [(0.04 × Na) + (0.02 × K) + (0.01 × Ca) + (0.03 × Mg)] 

– [(0.03 × Cl) + (0.04 × PO4) + (0.0005 × SO4)]

OAanthro = individual body surface area × [41/1.73]

A simplifi ed model to estimate NEAP has been put forward by Frassetto and colleagues [16]. Similar 

to Remer-Manz’s model, this method estimates the diet acid load using total diet protein intake (Pro) 

and the diet alkali load from the total diet potassium intake (K), and assumes that organic acid produc-

tion is relatively constant between food groups. Unadjusted for energy intake, the formula is

 NEAP = –10.2 + 54.5 [Protein (Pro, gms)/Potassium (K, mEq)] (2)

The main advantage of this model is that only two dietary components need to be known. The main 

disadvantage is that it was derived from mainly acid-producing diets, and can only estimate NEAP (or 

rather, net base production) down to –10 mEq/day when the term 54.5 × (Pro/K) goes to zero.

A third model has been developed by Sebastian and colleagues [17]:

 NEAP = Dietary unmeasured anion (DUA) + OAdiet + Sulfate (3)

This model estimates sulfate intake from dietary cysteine and methionine* rather than as a fi xed 

percentage of protein intake. It estimates organic acid intake from the diet as a function of the urine 

organic anion excretion using empirical data obtained from studies by Lemann and Kleinman [43]:

DUA = (Na + K + Ca + Mg) – (Cl + P)

The organic anion component is estimated as

OAdiet = 32.9 + (0.15 × DUA)

Calculations of potential acid or base food items are shown in Table 31.1 [17].

To test whether or not these models accurately refl ect the diet acid intake requires studies where 

diet net acid loads are both estimated from formulas and then measured by 24-hour urine NAE. Only 

a few such studies have been done [35–37, 40, 42, 44, 46].

IV. DIET THERAPY

General treatment considerations when developing an alkaline diet are the adequacy of protein 

intake, the adequacy of fruit and vegetable intake, and the balance between the acid load from pro-

tein and the base load from fruit and vegetable intake.

* To calculate milliequivalents for methionine and cystine, calculate the millimoles of sulfur (methionine contains one S and 

cystine 2) and multiple that number by two to get milliequivalents.
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 1. Adequate protein intake. As mentioned, dietary protein is very important to bone health [18]. 

Some proteins contain a higher content of acid precursors than others, and animal foods, which 

supply the majority of dietary protein, are very low in alkalinizing compounds. Typically 

then, dietary protein contributes mainly to the acid load of the diet.

 2. Adequate fruits and vegetables. Some fruits and vegetables are higher in base content than 

others, and some contain a high content of acid precursors. However, in general the net 

balance of precursors in fruits and vegetables is base (see Figure 31.4).

 3. Adequate vitamin and mineral intake. This topic will not be covered in this chapter, except 

to say that adequate vitamin D, vitamin B12, calcium, magnesium, and phosphate are nec-

essary for bone health.

BALANCING ACID AND BASE INTAKE IN THE DIET

Although correct food combinations can keep the body’s net acid load low, or even net alkaline, only 

a few studies have directly measured changes in renal acid excretion from specifi c food items. These 

will be described in some detail here.

The fi rst such studies were done by Nathan Blatherwick in 1914 [47]. He fed so-called “basal 

diets,” which approximately reproduce the acid loads of the Western diet. The Blatherwick basal 

diet 1 consisted of graham crackers, butter, and milk at each meal, plus one egg and one apple at 

dinnertime, and had an average acid load of 36.6 mEq/d. This diet could be neutralized by the con-

sumption of 2.3 kg apples/day. This large intake of apples is, quantitatively speaking, diffi cult to 

maintain on a daily basis. A total of 750 g/day baked potato consumption provided a more feasible 

TABLE 31.1
Acid and Alkaline Loads of Selected Foods

Food Group # Items
Net Acid Load
mEq/100 kcal

Net Acid Load [17]
mEq/2500 kcal

Potassium
mEq/100 kcal

Protein
g/100 kcal

Protein [16]
g/100 mEq 
Potassium

Acid-Producing Foods
Fish 8 +14.6 +398 8.1 16.8 207

Meat 3 +12.4 +342 7.6 18.4 242

Poultry 2 +7.8 +227 4.7 13.4 287

Egg 1 +7.3 +215 2.4 8.3 339

Shellfi sh 3 +7.3 +215 18.4 18.0 159

Cheese 9 +3.3 +115 0.8 7.1 982

Milk 4 +1.3 +64 6.4 5.7 90

Cereal Grains 7 +1.1 +60 2.6 3.2 153

Near-Neutral Foods
Legumes 6 −0.4 +24 12.6 10.6 100

Base-Producing Foods
Nut 6 −1.1 +6 3.8 2.5 86

Fresh Fruit 11 −5.2 −98 9.4 1.6 16

Tuber 2 −5.4 −102 11.8 2.2 18

Mushroom 1 −11.2 −247 62.3 25.7 41

Root Vegetable 5 −17.1 −395 34.3 6.8 21

Vegetable/Fruit 1 −17.5 −404 35.5 5.6 15

Leafy Greens 6 −23.4 −553 43.5 10.0 24

Plant Stalks 1 −24.9 −590 54.8 4.6 8

Source: [17].
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alternative to alkalize the system. Supplement of sodium bicarbonate, in dosages varying from 5 to 

15 g, also resulted in a net alkali excretion on a Western diet. The Blatherwick basal diet 2 consisted 

of graham crackers, butter, milk, and peanut butter at each meal, plus one egg and one apple at din-

nertime, and had an average acid load of 81.5 mEq/d. This diet could only be neutralized with the 

supplement of 15 g of sodium bicarbonate. Thus, regular Western diets leading to a net diet acid load 

of 50 to 100 mEq/d, can be partially or completely neutralized using large quantities of alkaline 

food items or alkaline supplements such as sodium bicarbonate.

Fruits and vegetables, with the exception of cranberries, prunes, and plums, reduce the total 

acid load from the outgoing, original basal acid load [48]. Another of the Blatherwick studies [49] 

reported on the acidogenic properties of adding 300 g of cranberries and prunes to the diet. Such 

foods contain chlorogenic and phenolic acids, which are metabolized to benzoic acid and ultimately 

excreted from the body as hippuric acid [50]. A similar, more recent study showed a signifi cant 

decrease in urinary pH after consumption of 330 mL of cranberry juice for 5 days whereas 330 mL 

of blackcurrant juice signifi cantly increased urinary pH and citrate excretion, and plum juice did not 

have any signifi cant effect [51]. Black teas (Table 31.2) are also mildly acidogenic. As with cranber-

ries, black tea phenols are metabolized to benzoic acid [50].

Plant species may also contain varying quantities of benzoic acid. For example, the native sweet 

potatoes of the highlands of Papua New Guinea have a very high content of benzoic acid and, hence, 

are net acidogenic [52]. In contrast, consumption of the sweet potato species available in Western 

markets resulted in a decrease of the renal net acid excretion with increases in urine pH [42]. Thus, 

the sweet potato found in Western markets is not as acidogenic as the sweet potato species of the 

highlands of Papua New Guinea.

Coffee has been reported to be acidic (Table 31.2), but a more recent intervention study suggests 

otherwise. A single person was put on a basal diet for 6 days with an intervention of 1 L of espresso 

coffee on the last 3 days. Urine collected on days 3 and 6 of the experiment showed no change in the 

net acid excreted (67 mEq/d and 61.5 mEq/d, respectively). This one study suggested that espresso 

coffee is actually a neutral substance [53].

Similarly divergent data exist from studies of cereal grains. In Table 31.2, which reports a com-

posite of data gathered from the authors as well as from the literature, white rice is noted to be 

mildly acid producing whereas wild rice is mildly alkali producing. Blatherwick showed all rice to 

be mildly acid producing. As noted earlier for sweet potatoes, different varieties of the same food 

or different processing of the same food may affect the net acidogenic properties of the food. In a 

more recent study by Jajoo and colleagues [54], addition of cereal grains to a basal diet of 0.75 g 

protein/kg/day increased NAE from 39 ± 23 to 56 ± 23 mmol/day. Cereals in this study consisted of 

couscous, pasta, rice, granola, and Pop Tarts™.

In addition to being acidic, commercial breads contain table salt (NaCl). Sodium chloride is 

known to cause metabolic acidosis by increasing the blood proton concentration [41], that is, a 

decrease in blood pH. This was also demonstrated by Blatherwick [46]. In general, it can be inferred 

that an excess of the anionic chloride over the cationic component would add to the acid load. 

In case reports, other halides have also been associated with metabolic acidosis, including iodide 

ingestion [55], bromide infusion [56], and fl uoride injection [57]. General nutritional recommenda-

tions follow to keep table salt consumption low and to enhance food fl avors with use of herbs and 

spices instead.

Other studies have looked at how mineral waters affect net acid excretion and bone health. 

A 6-month double-blind placebo-controlled trial of 152 postmenopausal women showed that a daily 

intervention of 1 liter of high-calcium mineral water decreased serum parathyroid hormone, osteo-

calcin, bone alkaline phosphatase, and serum and urinary type-1 collagen C-telopeptide compared 

with the placebo group [58]. Buclin and colleagues [59] showed in a four-period double-crossover 

study that an acid-forming diet increased urinary calcium excretion by 74% compared with a base-

forming diet, both at baseline and after oral calcium load. C-telopeptide excretion also increased 

by 19%, confi rming the skeletal origin of the urinary calcium. Another study compared two 
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TABLE 31.2A
Food & Chemical Effects on Acid Chemical Balance™

Food Category Most Alkaline More Alkaline Low Alkaline Lowest Alkaline

Spice/Herb Baking Soda Spices (most): 

Cinnamon

• Herbs (most): Arnica,

Bergamot, Echinacea

• White Willow Bark

• Slippery Elm

 • Valerian Chrysanthemum, • Artemesia Annua

 Licorice Ephedra, Feverfew,

 • Black Cohosh Goldenseal,  

 Agave Lemongrass,  

 Aloe Vera, Nettle  

Preservative Sea Salt   Sulfi te

Beverage Mineral Water • Kambucha • Green or Mu Tea Ginger Tea

Sweetener Molasses Rice Syrup • Sucanat

Vinegar  Soy Sauce Apple Cider Vinegar • Umeboshi Vinegar

Therapeutic • Umeboshi Plum  • Sake • Algae, Blue Green

Processed Dairy    • Ghee (Clarifi ed Butter)

Cow/Human Human Breast Milk

Egg   • Quail Egg • Duck Egg

Grain/ Cereal/    Oat

Grass • Quinoa

Wild Rice/Amaranth/

Japonica Rice

Oil/Seeds/Nuts Pumpkin Seed Poppy Seed Primrose Oil Avocado Oil

Cashew Sesame Seed Seeds (most)

Chestnut Cod Liver Oil Coconut Oil

 Peppercorn Almond Olive/Macadamia Oil

   Linseed/Flax Oil

Bean/Vegetable/ Lentil Kohlrabi Potato/Bell Pepper Brussel Sprout

Legume/ Pulse/ Seaweed Parsnip/Taro Mushroom/Fungi Beet

Root Onion/Miso Garlic Caulifl ower Chive/Cilantro

• Daikon/Taro Root Asparagus Cabbage Celery/Scallion

Dandelion Greens Kale/Parsley Rutabaga Okra/Cucumber

• Burdock/• Lotus Root Endive/Arugula • Salsify/Ginseng Turnip Greens

Sweet Potato/Yam Mustard Greens Eggplant Squash

 Jerusalem Artichoke Pumpkin Artichoke

 Ginger Root Collard Greens Lettuce

 Broccoli  Jicama

Fruit Lime Grapefruit Lemon Orange

 Nectarine Canteloupe Pear Apricot

 Persimmon Honeydew Avocado Banana

 Raspberry Citrus Apple Blueberry

Watermelon Olive Blackberry Pineapple Juice

 Tangerine • Dewberry Cherry Raisin, Currant

 Pineapple Loganberry Peach Grape

  Mango Papaya Strawberry

• Gourmet or exotic items Italicized items are NOT recommended
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TABLE 31.2B
Food & Chemical Effects on Acid Chemical Balance™

Food Category Lowest Acid Low Acid More Acid Most Acid 

Spice/Herb Curry Vanilla/Stevia Nutmeg Pudding/Jam/Jelly

Preservative MSG Benzoate Aspartame Table Salt (NaCL)
Beverage Kona Coffee Alcohol Coffee Beer, ‘Soda’
 Black Tea Yeast/Hops/Malt

Sweetener Honey/Maple Syrup Saccharin Sugar/Cocoa

Vinegar Rice Vinegar Balsamic Vinegar Red Wine Vinegar White/Acetic Vinegar

Therapeutic  Antihistamines Psychotropics Antibiotics
Processed Dairy Cream/Butter Cow Milk • Casein, Milk Protein, 

Cottage Cheese

Processed Cheese

Cow/Human Yogurt Aged Cheese New Cheese Ice Cream

Soy Soy Cheese Soy Milk  

Goat/Sheep Goat/Sheep Cheese Goat Milk   

Egg Chicken Egg    

Meat Gelatin/Organs Lamb/Mutton Pork/Veal Beef

Game • Venison • Boar/Elk • Bear  

Fish/Shell Fish Fish Mollusks • Mussel/Squid Shell Fish (Processed)

  Shell Fish (Whole)  • Lobster

Fowl Wild Duck Goose/Turkey Chicken Pheasant

Grain/ Cereal/ • Triticale Buckwheat Maize Barley

Grass Millet Wheat Barley Groat Processed Flour

Kasha • Spelt/Teff/Kamut Corn  

Brown Rice Farina/Semolina Rye  

 White Rice Oat Bran  

Oil/Seeds/Nuts Pumpkin Seed Oil Almond Oil Pistachio Seed Cottonseed Oil/Meal
Grape Seed Oil Sesame Oil Chestnut Oil Hazelnut

Sunfl ower Oil Saffl ower Oil Lard Walnut

 Pine Nut Tapioca Pecan Brazil Nut

 Canola Oil • Seitan or Tofu Palm Kernel Oil Fried Food
Bean/ Vegetable/ Spinach Split Pea Green Pea Soybean

Legume/ Pulse/ Fava Bean Pinto Bean Peanut Carob

Root Kidney Bean White Bean Snow Pea  

Black-eyed Pea Navy/Red Bean  

String/Wax Bean Aduki Bean Legumes (other)  

Zucchini Lima or Mung Bean Carrot  

Chutney Chard Chickpea/Garbanzo  

 Rhubarb  

Fruit Coconut  

 Guava Plum Cranberry  

 • Pickled Fruit Prune Pomegranate  

 Dry Fruit Tomato  

Fig  

 Persimmon Juice  

 • Cherimoya  

 Date    

• Gourmet or exotic items Italicized items are NOT recommended

Sources: [73].  Prepared by Dr. Russell Jaffe, Fellow, Health Studies Collegium. Reprints available from Health Studies 

Collegium,2 Pidgeon Hill Drive, #410, Sterling, VA 20165, 703-788-5126. Sources include USDA food data 

base (Rev 9 & 10), Food & Nutrition Encyclopedia; Nutrition Applied Personally, by M. Walczak; Acid & 

Alkaline by H. Aihara. Food growth, transport, storage, processing, preparation, combination, and assimila-

tion infl uence affect intensity. Thanks to Hank Liers for his original work. [Rev 7/07]

Note: Prescription medications are to be administered under medical supervision.
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different drinking waters containing the same amount of calcium to analyze the effects of the 

anions in mineral water on bone health. Water with a high bicarbonate content produced a greater 

increase in urinary pH, and a corresponding greater decrease in urine titratable acid (minus bicar-

bonate), ammonium, and urinary bone resorption markers compared with baseline, than did high 

sulfate water [60]. Although studies on drinking water are few to date, they indicate that mineral 

waters, like food, affect net acid-base balance and bone health and should not be ignored when 

considering diet modifi cation of acid load. Presently, what can be said is that if the acidic anions 

in water (chloride, sulfate, phosphate) exceed the basic (potassium, sodium, magnesium, and cal-

cium), then water will tend to be net acidic. Bicarbonate in water would increase its alkali load.*

As is apparent from the fi ndings described above, there is as yet no foolproof method of deter-

mining whether any specifi c food item is actually net acid or net base producing without testing it, 

and only a small fraction of foods have actually been tested. By far, this is the biggest unknown in 

trying to determine whether and to what extent a diet is net acid or net base producing, without using 

dietary alkali supplements.

The few studies that report neutralization of the acidic Western diet and changes in bone markers 

or BMD used either sodium or potassium bicarbonate or citrate [61–63] to neutralize diet net acid 

load. Therefore we are unable to itemize how individual foods can prevent osteoporosis.

V. PHARMACOLOGY

Research has probed the possibility of giving pharmacologic alkali supplements as an osteoporosis 

treatment. Several clinical studies have administered alkali supplements and reported the effects on 

diet net acid load and bone turnover.

Sebastian and colleagues demonstrated that in older otherwise healthy women, potassium bicar-

bonate had a dose-dependent effect on lowering blood levels of hydrogen ion (acid) content and 

decreasing amount of acid excreted by the kidneys [62]. Importantly at the higher dose of 2 mEq of 

potassium bicarbonate per kilogram body weight per day, the women’s plasma bicarbonate levels 

remained within the range considered to be normal. Associated with this decrease in net acid load 

was an improvement in both calcium and phosphate balance and a decline in the urinary excretion 

of one of the biomarkers of bone breakdown, hydroxyproline.

Krapf and colleagues [61] demonstrated a decrease in other biomarkers of bone breakdown—

pyridinoline, deoxypyridinoline, and N-telopeptide—in young healthy subjects given 1.1 mEq/kg 

body weight of potassium and sodium bicarbonate as a replacement for an equal amount of the chlo-

ride salts, and a lower rate of decline in both hip and spine BMD in older women with osteopenia or 

osteoporosis treated for 12 months with approximately 0.5 mEq/kg body weight [64].

Sellmeyer and colleagues [63] demonstrated that potassium citrate at a dose of approximately 

1.5 mEq/kg body weight lowered urine calcium excretion in women randomized to a high sodium 

chloride diet compared with those on a low salt diet. Associated with this lower urine calcium excre-

tion was a decrease in urinary N-telopeptide excretion, suggesting a decrease in bone breakdown 

and concomitant urinary losses of both calcium and collagen matrix.

Other dietary alkali supplements also are available. Some contain a mixture of calcium, potas-

sium, and magnesium; others contain a mixture of trace minerals, and often use hydroxide, citrate, 

acetate, or other organic anions as the base (e.g., calcium citrate would be an alkali salt). Small 

uncontrolled studies by these supplement makers suggest that taking them daily can help decrease 

dietary acid intake [65] and improve bone density. The amounts of alkali per dose vary, and since 

these are dietary supplements, these claims are not reviewed by the FDA.

Thus, pharmacologic replacement of alkali salts has been shown in studies of small groups of 

patients to help decrease bone breakdown and the rate of decline of BMD.

* Readers are referred to www.mineralwaters.org, a website detailing mineral water content on thousands of mineral 

waters from around the world, though readers are cautioned to validate claims for themselves.
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VI. PATIENT EVALUATION AND TREATMENT

MONITORING RESPONSES TO THERAPY

Evaluating the response to alkaline diet therapy is diffi cult as many of the tests mentioned previ-

ously (e.g., 24-hour urine collection for net acid excretion and bone biomarkers) are conducted 

in research laboratories. In search of clinically applicable diagnostics some authors recommend 

measuring urine pH to determine whether the diet is suffi ciently alkaline [48]. For example, one 

dietary alkali supplement guide suggests that an optimal fi rst morning void urine pH is between 6.5 

and 7.5. The authors of that guide recommend using the fi rst morning void to estimate the body’s 

average 24-hour net excretion of acid (NAE). One major problem with this approach is that fi rst 

morning void urine pH has been shown to correlate only to overnight NAE when the subjects are 

fasting overnight, and not to the entire 24-hour NAE when the subject is eating and therefore taking 

in more acid or base [66]. Twenty-four-hour urine pH does correlate with 24-hour urine NAE [67], 

but doing 24-hour urine collections can be tedious. Urine pH has also been shown to decrease with 

insulin resistance and markers of the metabolic syndrome [68]. So, while urine pH may be the easiest 

test to do, there are quite a few caveats in how to interpret the results.

USING AN ALKALI DIET TO TREAT OTHER MEDICAL PROBLEMS

One study has reported that both magnesium-enriched water and natural mineral water increased 

urinary excretion of magnesium in hypertensive subjects with low baseline excretion of magnesium 

and calcium, along with a signifi cant decrease in blood pressure in those subjects consuming min-

eral water after 2 and 4 weeks of intervention [69].

Various types of kidney stones may be less likely to form or grow in acid or alkaline urine, 

depending on the type of kidney stone. Since cranberry juice lowers urine pH and lowers the relative 

supersaturation for brushite and struvite, cranberry juice may be useful in the treatment of brushite 

or struvite stones [51]. Blackcurrant, orange, and apple juice can increase urine pH and citrate and 

oxalate excretion, and help in the treatment of uric acid and calcium oxalate stones, which are the 

most common [51, 70].

Plant phenols and benzoic acid, such as in cranberries, prunes, black teas, and so on, while being 

acidogenic, may also be antimicrobial in nature. These and other benefi cial effects of acidogenic 

foods need be considered, along with the effect of these foods on acid-base balance. Cranberry juice 

has also been used as an initial treatment for urinary tract infections.

Very low food consumption as in starvation or anorexia nervosa automatically promotes endog-

enous production of ketonic acids. Very low calorie diets can exert a similar effect. Alkalinizing 

diets can potentially counteract bone loss during weight reduction and potentially preserve other 

lean tissue as well.

CONTRAINDICATIONS AND PRECAUTIONS OF THE ALKALINE DIET

Anyone currently diagnosed with low bone mass or at risk for developing osteoporosis is a potential 

candidate for alkali diet therapy. Evaluation should begin with a thorough history, including risk 

factors for osteoporosis, risk factors for vascular disease, history of renal disease such as recur-

rent infections, nephrolithiasis, and family history of renal disease, medication review, and physi-

cal examination. Subjects who already have osteoporosis or osteoporotic fractures should discuss 

other therapy options with their physicians. Unlike this kind of diet therapy, therapies with estro-

genic compounds or bisphosphonates have been shown to increase BMD, and have been proven to 

decrease the chances of new osteoporotic fractures.

Advanced renal failure and diseases such as renal tubular acidosis (RTA) or diabetes may be 

contraindications to eating an alkaline diet as such a diet, also contains a high potassium content, 

which can raise blood potassium content to abnormally high levels. Very high potassium blood 
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levels can lead to cardiac arrhythmias and death. A history of renal disease, and laboratory tests 

including blood urea nitrogen (BUN), creatinine, electrolytes, and urinalysis may be appropriate to 

screen for renal disease.

In several renal diseases, the kidneys are unable to excrete all of the acids in the body. One such 

disease process, RTA, may be either genetic; related to damage to the renal tubules from diabetes 

mellitus, kidney stones, or recurrent infections; or from several kinds of medications. A detailed 

discussion of renal tubular acidosis is beyond the scope of this chapter; the reader is referred to 

reference [71]. Much more common is the progressive worsening of renal function with aging, and 

often associated or worsened by concomitant high blood pressure, diabetes mellitus, and/or the 

metabolic syndrome [2, 21]. Since both bone mass and renal function decline with aging, the major-

ity of older people are at risk for these problems.

Very high potassium alkali diets should be used cautiously, if at all, in patients with advanced 

chronic kidney diseases, where potassium restriction is recommended; in patients with lung disease 

and CO2 retention; in patients who are on medications that tend to raise serum potassium levels such 

as angiotensin-enzyme inhibitors, angiotensin receptor blockers, or sodium channel blockers such 

as spironolactone; or in patients with specifi c diseases that inhibit urinary potassium excretion, such 

as diabetes with Type 4 RTA.

Another important consideration is that diets very high in fruits and vegetables can also be very 

high in fi ber. In extremely large quantities, fi ber can cause the intestines to feel bloated and can actu-

ally cause constipation. People with “sensitive” intestinal systems, or who have had multiple surger-

ies for intestinal obstruction, may not be good candidates for this therapy. To habituate the intestines 

to large vegetable intake (high fi ber), we recommend starting slowly, spreading the meals out during 

the day, and gradually increasing the fruits and vegetables intake, along with large quantities of 

water or other fl uids. In this manner, we have managed to avoid intestinal complaints (constipation, 

bloating, feeling full) among research subjects in our studies.

People with autonomic neuropathy, however, are among those likely to be symptomatic. Among 

these would be people with multiple complications from poorly controlled diabetes mellitus, spinal 

cord injuries or diseases, or perhaps strokes.

High dietary intake of protein, such as occurs with the Atkin’s diet, increases dietary acid load, 

as does the accidental or intentional ingestion of toxic substances such as ethylene glycol or metha-

nol, which are metabolized to oxalic and formic acid, respectively. Other disease states that can 

increase the formation of endogenous metabolic acids are diabetic ketoacidosis, or lactic acidosis 

from overwhelming infection or tissue hypoperfusion.

One fi nal special case is in children with seizures treated with a ketogenic diet, which is high in 

fat. Although intensive acid-base studies of ketogenesis have not been done on these patients, in one 

study of 76 children treated for 6 months with ketogenic diets, BMD decreased in 12 patients and 

2 patients developed kidney stones [72], problems also seen with the ketosis that develops using the 

Atkins diet, which has been shown to increase diet net acid load. Further studies on the long-term 

effects of such a diet in relation to acid-base balance are needed.

VII. SUMMARY

Diet infl uences osteoporosis risk and disease progression. A diet that lowers a patient’s current acid 

load, shifting it toward an alkalinizing diet, is a potential therapeutic intervention. This is not due 

to a single nutrient, to specifi c foods, or to supplements, but requires a rather marked degree of 

dietary intervention. The shift in dietary pattern can to some extent be adjusted to a patient’s prefer-

ences. One such approach is demonstrated in Figure 31.5, where the calories from energy-dense, 

nutrient-poor foods, beans, and grains are replaced by an equal amount of calories from fruits and 

vegetables. Diet acid production decreased from about 50 mEq/d to –50 mEq/d (that is, the diet 

became highly net base producing). The optimal degree of change in diet acid production needed to 

affect bone metabolism and osteoporosis risk is unknown and is likely to vary among individuals. 
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This dietary modifi cation presumably should be sustained to prevent osteoporosis, and the degree 

of benefi t derived from only short-term dietary interventions are not known. It is best implemented 

as a physician-guided treatment:

There are contraindications to an alkalinizing diet, which would be best recognized by a • 

physician.

Patients may experience side effects of the diet, which may require adjusting not only the • 

diet but patient medications as well.

The patient may benefi t from diagnostic testing since osteoporosis screening is best performed • 

in the setting of optimized bone-building nutrients and periodic bone density testing.

A patient who is unwilling or unable to follow this diet may benefi t from alkali supplements; this 

is an area of ongoing research. There are also no clear dosage guidelines, but approximately 1 mEq/

kg body weight is a reasonable starting dose, which can be followed by evaluating 24-hour urine pH 

1 to 2 weeks after starting therapy. Diet remains fi rst-line therapy.
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32 Metabolic Bone Disease 

Nutrient, Drug, and 
Disease Interactions

Joseph J. Lamb, M.D., and Susan E. Williams, M.D., M.S., R.D.

I. INTRODUCTION

Osteoporosis, literally “porous bone,” is defi ned as a reduction in the mass and quality of bone and/

or the presence of a fragility fracture. Osteoporosis is common, preventable, serious, diagnosable, 

and treatable. Osteoporosis is a clinically silent systemic skeletal disease characterized by compro-

mised bone strength predisposing to an increased risk of fracture. It can occur as a primary disease 

or secondary to underlying chronic disease or use of certain medications (Table 32.1). Osteoporosis 

can be prevented or ameliorated by lifestyle interventions. This chapter imparts a science-based 

understanding of the etiology and pathophysiology, which enables an interested clinician to diag-

nose osteoporosis and apply nutritional interventions.

II. EPIDEMIOLOGY

Osteoporosis poses a major health threat for more than 44 million U.S. adults ages 50 and older, 

and it is estimated that an additional 18 million people have undiagnosed low bone mass. About 

1.3 million osteoporotic fractures occur each year in the United States, and of those patients who 

suffer a hip fracture, only 40% fully regain their pre-fracture level of independence, leaving 60% 

who will experience chronic pain, disability, and a 10% to 20% excess mortality within 1 year.1 

It is therefore essential that early diagnosis and treatment strategies be designed and implemented 

in all patients at risk.

III. PHYSIOLOGY

Bone mineralization is regulated primarily by the activity of the three cell types, osteoblasts, osteoclasts, 

and osteocytes, which are under both local and systemic control. These bone cells respond to changing 

environmental stimuli such as nutrient availability, infl ammation, and physiological demands.

Mechanical loading is one such physiologic demand, modulated by the osteocyte through a com-

plex array of cell signaling pathways. The mechanical message is transformed into altered gene 

expression, resulting in proliferation and matrix synthesis. This message leads to up-regulation of 

growth factors including insulin-like growth factors (IGF), vascular endothelial growth factors, and 

bone morphogenetic protein (BMP) 2 and 4.2
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Many structures are intimately involved in the regulation of matrix secretion and minera-

lization: cell surface receptors, extracellular matrix structure and integrins, cadherins, and 

Ca+2 channels in the cellular cytoskeleton, intracellular signaling kinases, prostaglandins, and 

nitric oxide.3 Messengers involved in mediating bone growth are often intimately involved in 

infl ammatory signaling pathways. The interplay of these messages is complex and bidirectional. 

Many growth factors infl uence osteoblast formation. Core binding Factor A1 (CBFA1) is a 

transcription factor expressed in osteoblast progenitors and stromal support cells that has been 

shown to be important in the control of osteoblast development. It regulates the expression of 

several osteoblast-specifi c genes including type 1 collagen, receptor-activator of NFκB (RANK) 

ligand also called osteoclast differentiation factor, osteocalcin, osteopontin, and bone sialopro-

tein. Osteoblasts, through secretion of RANK ligand (RANKL), actually promote differentiation 

and maturation of osteoclasts. Interestingly, when responding to different environmental signals, 

osteoblasts secrete osteoprotegerin, also called osteoclastogenesis inhibitory factor, which binds 

RANKL and acts as a receptor decoy to inhibit differentiation of osteoclasts.4 Stromal support 

cells secrete macrophage colony stimulating factor and RANKL to promote osteoclast differen-

tiation and maturation. Macrophages and adipocytes, residents of the bone marrow, play a role in

this complex interplay releasing locally produced growth factors and cytokines including gamma 

interferon, interleukins 1, 6, and 11 (IL-1, IL-6, IL-11), and tumor necrosis factor-α (TNFα). 

These cytokines play an important role in the osteoclast maturation process by stimulating secre-

tion of RANKL.

In addition to the cell-mediated local control, several hormones provide systemwide oversight of 

bone metabolism. Both parathyroid hormone (PTH) and 1,25-dihydroxyvitamin D3 directly modu-

late osteoclastic activity to maintain appropriate serum calcium and phosphorus levels. Estrogen 

infl uences bone metabolism. Defi ciency increases bone remodeling intensity, which exacerbates 

propensity to bone resorption in functionally challenged bone and contributes to the development of 

primary osteoporosis in perimenopausal women. Testosterone has also been shown to be associated 

TABLE 32.1
Secondary Causes of Bone Loss
SYSTEM ETIOLOGY

Endocrine Hyperparathyroidism, thyrotoxicosis, insulin-dependent diabetes mellitus, acromegaly, 

hyperprolactinemia, Cushing’s disease, perimenopause/menopause, amenorrhea, 

anorexia nervosa, pregnancy and lactation, and other estrogen-defi cient states.

Nutrition and gastroenterology Low body weight, low calcium intake, protein-calorie malnutrition; parenteral nutrition; 

gastric or small bowel resection; malabsorption syndromes; end-stage liver disease 

including biliary cirrhosis.

Orthopedics & rheumatology Rheumatoid arthritis, ankylosing spondylitis, scoliosis, history of paralytic poliomyelitis.

Hematology & oncology Pernicious anemia; multiple myeloma; lymphoma, leukemia, parathyroid hormone-

related protein production due to underlying malignancy; mastocytosis; hemophilia, 

thalassemia major.

Genetic predisposition & 

genetically determined 

diseases

Caucasian or Asian race; positive family history; inherited hypogonadal states 

(Turner’s and Klinefelter’s syndromes); osteogenesis imperfecta, Marfan’s syndrome, 

hemochromatosis, hypophosphatasia, glycogen storage disease, homocystinuria, 

Ehlers-Danlos syndrome, and porphyria.

Pharmacology Excessive thyroxine, glucocorticoids, anticonvulsants, heparin, lithium, cyclosporine, 

aluminum, cytotoxic drugs, proton pump inhibitors, gonadotrophin-releasing hormone 

agonists.

Miscellaneous Short stature and short bones, immobilization, paralysis, chronic obstructive pulmonary 

disease, multiple sclerosis, sarcoidosis, amyloidosis, endogenous (hypermetabolic) 

stress response.

Source: [119–127].
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with osteoporosis.5 Intervention trials have demonstrated that supplementation with estrogen in 

women, DHEA in men and women,6 and testosterone in hypogonadal men7 are effective.

This interaction of local cells, communicating by growth factors and cytokines and modulated 

by systemic hormones, is the healthy norm of bone metabolism. Osteoporosis is the pathophysi-

ologic disturbance of this process.

IV. PATHOPHYSIOLOGY

As we explore the pathophysiology of osteoporosis, we fi nd that mechanisms rather than broad organ 

system classifi cations may cast more light on the underlying causes of osteoporosis. Mechanistic 

categories include diminished achievement of peak bone mass, decreased mineral availability, 

decreased osteoblast activity, increased osteoclast activity, abnormal protein metabolism, and sys-

temic infl ammation.

In a clinical setting osteoporosis is often defi ned as primary or secondary. In a postmenopausal 

woman, estrogen defi ciency results in a diagnosis of primary osteoporosis whereas suppressed estrogen 

levels due to an adolescent girl receiving a GnRH agonist as contraception or a premenopausal woman 

receiving chemotherapy for breast cancer often lead to a diagnosis of secondary osteoporosis.

Secondary osteoporosis occurs in patients who are less likely to be screened for the disease 

because they may not present as a prototypic osteoporosis patient. The pathophysiology of second-

ary osteoporosis is presented with the goal of increasing “clinical suspicion” (Table 32.1).

PEAK BONE MASS

Bone mass acquisition is largely genetically determined, with greater than 50% being attained dur-

ing adolescence and peak mass typically achieved by the early 20s.8–10 Before adulthood, bone forms 

by two separate mechanisms. Endochondral bone formation is the restructuring and replacing of 

previously calcifi ed cartilage. Intermembranous bone formation is de novo development without a 

calcifi ed matrix.11 After adolescence, endochondral formation ceases. Emphasis needs to be placed 

on maximizing peak bone mass during adolescence or future BMD will be compromised as even 

relatively small incremental losses will have a proportionately greater affect on a lower peak bone 

mass. Acquisitional osteopenia is the failure to achieve the genetically determined peak bone mass 

and can be the result of chronic illness, use of certain medications, malnutrition, malabsorption, or 

disruption of key metabolic pathways.12–14

Radioisotope studies have demonstrated turnovers of up to 18% of the calcium in adult bone per 

year—an indication of the signifi cant persistent metabolic activity in postadolescent bone. Despite 

this, bone remodeling is a much slower process in adulthood than during adolescence. The primary 

purpose of adult bone remodeling is homeostasis during the ever-present processes of microdamage 

repairs, and skeletal strength maintenance.

Failure to attain peak bone mass occurs from the following:

Adolescent eating disorders, including both anorexia and bulimia, are conditions associ-• 

ated with failure to achieve peak bone mass. In addition to decreased mineral and pro-

tein availability because of insuffi cient intake, contributing factors to osteoporosis include 

amenorrhea, calcium and vitamin D defi ciency, increased endogenous steroid production, 

and low levels of growth factors including IGF. In these patients, nutritional rehabilita-

tion with weight gain, adequate calcium and vitamin D intake, moderate weight-bearing 

exercise, and resumption of normal menses have been shown to improve but not normalize 

bone mineral density.15,16

Use of Depo-Provera as contraception produces estrogen defi ciency. Adolescent females • 

who use Depo-Provera are at risk for low bone mass due to failure to achieve peak bone 

mass.17 With calcium supplementation in adolescents, some of the potential loss, but appar-

ently not all, can be ameliorated.
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Lead exposure. A study in children with high lead exposure revealed signifi cantly increased • 

bone mineral density compared to normal controls. Despite the potential for heavy met-

als creating a false negative result in DXA scanning because of x-ray absorption by lead 

and not calcium, the investigators postulated that lead exposure may actually accelerate 

boney maturation by inhibition of PTH. However, they concluded that the accelerated bone 

maturation results in a shorter period of mineralization and growth, resulting in decreased 

peak bone mass.18

DECREASED MINERAL AVAILABILITY

Conditions that decrease mineral uptake from the gastrointestinal tract include malabsorption 

syndromes.

Infl ammatory bowel disease (IBD) activity strongly correlates with the severity of bone • 

loss; therefore effective disease management including calcium and vitamin D supple-

mentation, risk factor reduction, and avoidance of glucocorticoids are equally important 

aspects of treatment.19 And although appropriate diagnostic and therapeutic regimens 

addressing BMD in IBD patients are essential, a standard treatment strategy has yet to 

be defi ned.20,21 Celiac enteropathy causes marked mineral and calorie malabsorption (see 

more in the following).

Primary biliary cirrhosis (PBC) with its resultant underlying fat malabsorption has been • 

shown to contribute to insuffi ciencies of fat-soluble vitamins, specifi cally vitamin D and 

vitamin K.22 Additionally, PBC patients have attenuation of the liver’s ability to adequately 

hydroxylate vitamin D.

Lactase defi ciency. Several studies have demonstrated a strong correlation with adult lactase • 

defi ciency and the development of osteoporosis. Patient avoidance of milk and other dairy 

products resulted in an increased incidence of osteoporosis and bone fracture.23 Though 

it was once believed that lactose was essential for optimal calcium absorption, it is now 

known that calcium absorption from various dairy products is equivalent, regardless of the 

lactose content or the chemical form of calcium.

Gastrectomy. Essentially all post-gastrectomy patients have an increased risk of fracture • 

and should be routinely evaluated for the presence of metabolic bone disease (MBD). The 

incidence of osteomalacia in this population is estimated to be 10% to 20%, and although 

the incidence of osteoporosis in this patient population is unknown it is estimated to be as 

high as 32% to 42%.24

Bariatric surgery. Morbid obesity has historically been viewed as having a protective • 

effect against the development of MBD. However, recent research has revealed that 

many obese individuals have inadequate nutrition status, vitamin D defi ciency, elevated 

parathyroid hormone levels, and are at risk for low bone mass.25,26 Studies attempting to 

defi ne the presurgical prevalence of vitamin D defi ciency have identifi ed rates in excess 

of 60% among patients selected to undergo weight loss surgery.27,28 Similarly, the prev-

alence of preoperative elevated intact parathyroid hormone (PTH) in this population 

ranged from 25% to 48%.29 Postsurgically, signifi cant weight loss, severely restricted 

oral intake, calcium malabsorption, and concomitant vitamin D defi ciency places these 

patients at extremely high risk for the development of MBD. Several factors are likely 

involved. Primarily,  malabsorption plays a critical role with malabsorption of calcium, 

magnesium, fat-soluble vitamins including vitamin D, protein, B12, and folic acid all 

being reported.

Gastric hypoacidity because of atrophy, proton pump inhibitors, and H• 2 blockers. Gastroeso-

phageal refl ux disease (GERD) does not share a causal relationship with MBD. Yet, chronic 
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overuse of antacids containing aluminum hydroxide can lead to phosphorus defi ciency and 

osteomalacia.30,31 Hypophosphatemia results in increased levels of 1,25(OH)2D3, increased 

calcium absorption, hypercalciuria, and increased bone resorption. Known as antacid-

 induced osteomalacia, symptomatic patients experience diffuse bone pain, proximal mus-

cle weakness, and diffi culty climbing stairs and rising from a chair.

Calcium must be ionized to be optimally absorbed, and ionization of calcium requires 

an acidic environment. Reduced gastric acidity contributes to the failure to ionize cal-

cium in the small intestine and decreases the bioavailability of calcium. Calcium car-

bonate is much more vulnerable to being malabsorbed as opposed to other forms of 

calcium including citrate, lactate, and gluconate, as it is not already ionized. Although 

the effects of achlorhydria on the bioavailability of calcium are well documented, the 

relationship to MBD remains unclear. Advancing age combined with the growing use 

of H2 blockers and proton pump inhibitors now available over the counter for dys-

pepsia contribute to the magnitude of the problem. Adequate calcium absorption can 

be achieved by instructing the patient to take calcium supplements with meals, or by 

switching to calcium citrate.

High sodium diets and acid load diets. The evidence of a detrimental effect of high • 

salt intake on bone health is primarily limited to short-term effects of sodium on cal-

cium metabolism. There is strong evidence in support of the fact that high salt intake 

produces a calciuretic effect but investigations attempting to defi ne the association of 

sodium with bone loss and BMD have produced confl icting results.32 The typical Western 

diet contains sodium far above evolutionary norms and potassium far below those norms. 

These changes associated with a decrease in fruit and vegetable intake create a net acid 

producing load. As a result of a need to excrete this acid load, renal calcium losses are 

increased.33

Caffeine use. Caffeine is known to increase urinary calcium losses and may have harm-• 

ful effects on bone. A recent prospective study demonstrated that bone loss occurred in 

those women who had both low calcium intake and high caffeine intakes.34 The deleterious 

effects of caffeine on bone can be negated by consuming adequate calcium.35,36

High protein diets despite their potential to contain high amounts of calcium. Dietary • 

protein is required to maintain bone structure; however, studies have shown a positive 

association between excess protein intake and urinary excretion of calcium, contributing 

to a negative calcium balance.37 A link between high protein intake and an increased risk 

of fracture has also been demonstrated, regardless of whether it was of animal or vegetable 

origin.38,39 However, when high protein intake is coupled with adequate calcium intake, the 

potentially harmful effects of protein appear to be ameliorated.40–42

Phosphorus is plentiful in the food supply predominantly due to the increased use of • 

phosphate salts in food additives and cola beverages. And although phosphorus is an 

essential nutrient, the current literature notes that both phosphorus defi ciency and excess 

intake interfere with calcium absorption and lead to bone loss.43 A large study examin-

ing carbonated beverages and incidence of fractures in schoolgirls found a statistically 

signifi cant increase in fractures in those girls who regularly consumed carbonated bever-

ages; however, it appeared that the fracture risk was the consequence of consuming less 

milk.44

Hypovitaminosis D interferes with absorption of calcium. Vitamin D plays a role both in • 

intestinal adsorption of calcium as well as modifying the speed of bone turnover. Vitamin D 

is essential for calcium and phosphate absorption in the gut, stimulation of osteoblast activ-

ity, calcium reabsorption in the renal tubules, and normal bone mineralization throughout 

the lifespan. Absorption of vitamin D occurs mainly by passive diffusion in the proximal 

and mid small intestine and is highly dependent on bile salts.45
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DECREASED OSTEOBLAST ACTIVITY

Conditions that decrease osteoblast activity resulting in less bone formation include:

Diabetes mellitus. Type 1 diabetes mellitus (DM) has been implicated as a cause of osteo-• 

porosis, but the causal relationship is still being defi ned. Reports on causal connections in 

type 2 DM are inconsistent as well, although some oral agents (PPARγ agonists, specifi -

cally the thiazolidinediones)46 commonly prescribed to treat type 2 DM have also been 

implicated. Please see the section below on infl ammation for a discussion of the connec-

tion between insulin resistance and infl ammation. Given the prevalence of DM, surveil-

lance for osteoporosis in diabetics is of great importance.47

Tobacco abuse. Tobacco has direct toxic effects on osteoblasts and also acts indirectly by • 

modifying estrogen metabolism. Cigarette smokers on average reach menopause approxi-

mately 1 to 2 years earlier than nonsmokers. Tobacco abuse also leads to an increase in 

illnesses and earlier frailty by decreasing exercise capacity and increasing the likelihood 

of requiring corticosteroids for treatment of pulmonary diseases.48

Alcohol abuse. Excessive alcohol has been shown to decrease osteoblast activity.• 49 And 

yet several studies have shown that moderate consumption has positive impact on bone 

health.50 Higher consumption, especially in men, however, increased the rate of fracture, 

perhaps related to increased falls or nutritional compromise related to alcohol abuse. Daily 

alcohol consumption of 50 grams (approximately three standard drinks) results in a dose 

dependent decrease in osteoblast activity; daily consumption of greater than 100 grams 

eventually results in an osteopenic skeleton and increased risk for the development of 

osteoporosis.51 One drink per day for women and two drinks per day for men is the recom-

mended safe upper limit for consumption.

Corticosteroid excess, whether exogenous or endogenous, can result in deleterious • 

effects on healthy bone primarily due to decreasing osteoblast activity.52 The profound 

effect of steroid excess is demonstrated by noting that it is the most common cause of 

secondary osteoporosis and is second only to menopause as a cause of overall osteo-

porosis. Glucocorticoid-induced bone loss occurs following the administration of phar-

macologic doses of glucocorticoids for greater than a few days, and is the result of 

uncoupling of the normal relationship between the resorption and formation phases of 

bone remodeling.53 Glucocorticoids suppress 1-hydroxylase activity and function as a 

1,25(OH)D antagonist thereby blunting calcium absorption.54,55 Fifty percent of patients 

on chronic corticosteroid administration for 6 months or longer develop osteoporosis. 

In fact, a daily dose of 2.5 to 5.0 mg of prednisone may be suffi cient to cause osteopo-

rosis.56 There is also evidence that potent inhaled glucocorticoids may have deleteri-

ous effects on the skeleton.57 The cumulative dose of glucocorticoids correlates with 

the severity of the bone disease and the incidence of fracture. Of note, patients main-

tained on corticosteroid replacement due to adrenal insuffi ciency do not appear to be 

at increased risk.58

The diagnosis of osteoporosis can also be the presenting symptom of Cushing’s 

disease. Subclinical hypercortisolism may be more common than generally rec-

ognized with an 11% prevalence among patients with low BMD and vertebral 

fractures.59

Persistent physical and psychological stress can induce endogenous corticosteroids excess • 

and increase BMD losses. Depression has been associated with elevated cortisol levels. 

Daily usage of selective serotonin reuptake inhibitors in adults over 50 has been associated 

with a two-fold increased risk of clinical fragility fracture and decreased bone mineral 

density in the hip.60
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INCREASED OSTEOCLAST ACTIVITY

The following contribute to an increase in osteoclastic activity:

Hyperparathyroidism. An increase in osteoclast activity is the primary effect of PTH to • 

maintain calcium and phosphorus in a narrow physiologic range. It does so by increasing acti-

vation of 25-hydroxyvitamin D3 to 1,25-dihydroxyvitamin D3 to increase bone resorption. 

Secondary hyperparathyroidism is the response to a lowered serum calcium level resulting 

in an increase in PTH levels and increased bone resorption. Interestingly, intermittent expo-

sure to PTH actually leads to increases in BMD by favoring formation over resorption.61

Postmenopausal estrogen defi ciency and other hypogonadal states, both primary and sec-• 

ondary. Estrogen defi ciency increases the population of pre-B cells, a subset of bone mar-

row stromal cells, which in turn increases production of IL-1 and TNFα. These cytokines 

induce cyclo-oxygenase 2 activity increasing prostaglandin E2 production by osteoblasts 

and subsequent increase in RANKL expression and resultant osteoclastogenesis.62 Many 

cancer therapies for breast, ovarian, and prostate cancer patients produce hypogonadal 

states. Tamoxifen has been shown to produce osteoporosis in premenopausal women. And 

both aromatase inhibitors and GnRH agonists produce estrogen defi ciency. Estrogen defi -

ciency may also be associated with the genetic hypogonadal states such as Turner’s syn-

drome and Klinefelter’s syndrome.

Several recent papers point to the need for appropriate balance of the metabolites of 

estrone and estradiol. Normal ratios of 2-hydroxy to 16α-hydroxy estrogens are  associated 

with optimal bone health, while imbalances marked by either an excess of 2-hydroxy or 

16α-hydroxy estrogens is associated with osteoporosis.63,64

Heparin, a potent anticoagulant, stimulates both osteoclastic bone resorption as well • 

as suppressing osteoblastic activity. Heparin doses of 15,000 units or greater daily for 

6 months have been shown to increase the risk for osteoporosis.65

Inactivity, immobilization, paraplegia, and sarcopenia. Mature osteocytes, by sensing the • 

mechanical forces exerted on bone by physical activity, directly infl uence bone remodeling. 

Any condition that decreases these forces will have a negative effect on bone strength. Physical 

immobilization after trauma, or neural damage due to cerebrovascular accident, poliomyeli-

tis, or multiple sclerosis has been associated with osteoporosis. A reduction in compressive 

mechanical forces because of immobilization reduces the canalicular fl uid fl ow in bone with 

resultant osteocyte hypoxemia and death leading to increased osteoclast activity.66

Hyperthyroidism is associated with both increased osteoblastic and osteoclastic activities. • 

Resorption is favored overall, however, as increased formation cannot keep pace with increased 

resorption. Treatment of thyrotoxicosis has been shown to increase bone density, but fails 

to restore BMD to healthy norms. The effect of exogenous subclinical hyperthyroidism on 

BMD in women is unclear, with mixed reports of normal and decreased BMD.67 However, a 

small uncontrolled case series, following women treated for thyroid hormone resistance with 

the development of exogenous subclinical hyperthyroidism manifested by modest suppres-

sion of TSH, revealed increased BMD with thyroid hormone supplementation.68

Cadmium exposure. Low levels of chronic cadmium exposure have been associated with • 

the development of osteoporosis.69

The term “methotrexate osteopathy” was fi rst used to name a syndrome of bone pain, • 

fragility fractures, and radiographic osteopenia fi rst reported predominantly in children 

placed on long-term treatment for acute lymphoblastic leukemia in the 1970s. The negative 

effects of high-dose MTX on bone appear to be due to increased bone resorption in the 

presence of inhibited bone formation70 while lower dose MTX does not appear to cause 

accelerated bone loss.71

TAF-67621-08-0801-C032.indd   527TAF-67621-08-0801-C032.indd   527 12/19/08   7:39:21 PM12/19/08   7:39:21 PM



528 Food and Nutrients in Disease Management

IMPAIRED PROTEIN METABOLISM

The following conditions affecting protein metabolism have a very important role in the pathogen-

esis of osteoporosis as well:

Protein-calorie malnutrition. Protein-calorie malnutrition (PCM) occurs as a result of • 

many chronic diseases and, left uncorrected, results in MBD. In the NHANES 1 study, 

hip fractures were associated with low energy intake, low serum albumin, and decreased 

muscle strength, all refl ecting protein and caloric defi cit.72 A 10% decrease in body weight 

typically results in a 1% to 2% bone loss, and more severe weight loss and malnutrition 

are considered risk factors for osteoporosis which is likely due to low protein intake.73

High-protein diets have been shown to increase urinary calcium losses. However, 

there is growing evidence that a low-protein diet has a detrimental effect on bone. In two 

interventional trials examining graded levels of protein intake on calcium homeostasis, 

decreased calcium absorption and an acute rise in PTH was noted by day four of the 0.7 

and 0.8 g/kg diets but not during the 0.9 or 1.0 g/kg diets.74,75 This is particularly worri-

some, in that these studies suggest the current RDA of 0.8 g protein/kg is inadequate to 

promote calcium homeostasis.

Cushing’s syndrome, whether primary or secondary to exogenous long-term administra-• 

tion of glucocorticoids, can cause decreased deposition of protein throughout the body in 

addition to increasing protein catabolism.

Increasing age is marked by decreasing levels of growth hormones and decreased protein • 

anabolic activity.

Defi ciency of vitamin C, which is necessary for secretion of intercellular protein, interferes • 

with formation of the matrix by osteoblasts.76

Lead exposure. Osteocalcin in bone matrix preferentially binds lead resulting in decreased • 

calcium binding and failure to bind hydroxyapatite, resulting in decreased bone forma-

tion.77 Serum lead levels increase by 25% to 30% due to mobilization as bone is resorbed 

in postmenopausal women with osteoporosis78 contributing to lead toxicity and resultant 

illnesses late in life.

Liver disease. Cholestatic disease, autoimmune hepatitis, chronic viral hepatitis, and alco-• 

holic liver disease can result in osteoporosis. Vitamin D levels are typically low in patients 

with alcoholic liver disease, autoimmune hepatitis treated with glucocorticoids, and primary 

biliary cirrhosis, thereby increasing the risk of osteoporosis as well as osteomalacia.79,80 In 

fact, osteoporosis can be one of the fi rst clinical manifestations of cholestatic disease.81 

Advanced chronic cholestatic disorders such as primary sclerosing cholangitis also place 

the patient at signifi cant risk of developing low bone mass.82

INFLAMMATION

Given the role of infl ammatory messengers and cytokines in the cell-to-cell communication vital to 

the balanced remodeling process, systemic infl ammatory diseases with resultant increases in proin-

fl ammatory messengers have direct effects on bone leading to increased risk for the development of 

osteoporosis. These cytokines have been associated with increased osteoclastogenesis in multiple 

conditions including rheumatoid arthritis, periodontal disease, and multiple myeloma for example. 

Falling estrogen levels are associated with increased proinfl ammatory cytokines, and RANKL gene 

expression is increased during postmenopause compared to premenopause.83

Insulin resistance. Much research has recently focused on the close connection between • 

insulin resistance, infl ammatory adipocyte function, and the development of osteoporo-

sis. RANKL and its downstream cytokines have important roles in bone, metabolic, and 
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vascular disease.84 Several single nucleotide polymorphisms of RANKL have been asso-

ciated with obesity.85 Abnormal development of the skeleton associated with suppressed 

osteomaturation rates was noted in the db/db and ob/ob mouse models of diabetes and 

obesity.86 Advanced glycation end products have been implicated in the up-regulation of 

RANKL (inducing increased osteoclastogenesis) and down-regulation of alkaline phos-

phatase and osteocalcin (impairing matrix mineralization).87 Leptin administration in the 

ob/ob mouse model has been shown to induce adipocyte apoptosis and increase bone for-

mation.88 This work has led certain authors to question whether “osteoporosis is the obesity 

of bone.”89

Infl ammatory bowel disease. Patients with infl ammatory bowel disease (IBD) have a • 

high preva lence of decreased bone mineral density and an increased rate of vertebral 

fractures. Circulating proinfl ammatory cytokines increase osteoclast activity. Indeed, 

TNFα decreases differentiation of osteoblasts, increases differentiation of osteoclasts, 

and increases osteoclast survival by decreasing apoptosis. High levels of IL-6 have been 

found in osteoporotic patients suffering from Crohn’s disease compared to non-osteo-

porotic patients.90

Gluten-sensitive enteropathy (celiac disease). Celiac disease is an autoimmune disorder • 

of varying severity characterized by small bowel enteropathy resulting from exposure to 

wheat gluten in genetically susceptible individuals, and is frequently diagnosed in patients 

presenting with osteoporosis.91 It is estimated that celiac disease affects 1% of the popula-

tion and of those affected, approximately 50% of patients will not have clinically signifi -

cant diarrhea.92

Calcineurin inhibitors (CI). Cyclosporine A and tacrolimus are potent immunomodulators • 

used in transplant patients who are frequently in poor health and have osteoporosis prior to 

their surgery. Calcineurin inhibitors have multiple effects on bone including decreased bone 

formation, but the more important mechanism appears to be their effect on T-lymphocytes, 

which then produce osteoclast stimulatory cytokines. The overall loss in BMD in these 

patients is exacerbated by the frequent concurrent use with corticosteroids.93

Several chronic diseases of aging have been noted to be comorbid conditions with osteopo-• 

rosis. These conditions, including atherosclerosis, osteoarthritis, and periodontal disease, 

share infl ammation94 as an underlying pathophysiological derangement.

UNCLEAR ETIOLOGIES

Antiepileptic drugs (AEDs) have been associated with bone disease. Early reports on insti-• 

tutionalized patients were primarily of rickets and osteomalacia. But more recent reports, 

particularly in outpatients, have demonstrated evidence of osteoporosis. Mechanisms pro-

posed include increased catabolism of vitamin D by the cytochrome P450 enzyme system, 

impairment of calcium absorption, impaired bone resorption and formation, and poor vita-

min K status.95

Parenteral nutrition support. Osteoporosis has been recognized as a complication of paren-• 

teral nutrition (PN) for more than 25 years and appears to be multifactorial. Early studies 

found intravenous nutrition solutions to contain excess aluminum, but despite newer for-

mulations that limit this element, osteoporosis continues to occur.96 A longitudinal study 

conducted in Denmark noted an absence of accelerated bone lost but found the BMD of 

many long-term PN patients substantially reduced, making them susceptible to fragility 

fractures and in need of preventive strategies.97

Vitamin A (retinol) taken in excess can result in osteoporosis and can also lead to hyper-• 

calcemia. This noted toxic effect occurs in smaller doses as well and has been identifi ed as 

a risk factor for hip fractures. Vitamin A as beta carotene does not appear to be associated 

with increased fracture risk; however, this fact is still being argued.98,99
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V. PATIENT EVALUATION

Bone strength is an integration of bone density and bone quality.100 Central dual-energy x-ray 

absorptiometry (DEXA) is the most common study used to determine bone density and from that 

data, current bone status and risk stratifi cation for future fractures can be determined. The World 

Health Organization (WHO) has defi ned normal bone density, osteopenia, and osteoporosis based 

on the T score. DXA results also quantify the standard deviation from that of an age- and gender-

matched control, reported as the Z score. If bone loss is exclusively due to the normal process of 

aging, the Z score will be near zero; therefore secondary disease should be suspected when there is 

a negative deviation of greater than –1.5.101,102

There is still no substitute for a thorough history and physical. And ideally, the risk factors 

for osteoporosis would be identifi ed in all susceptible patients prior to any disease manifestations. 

A vigilant physician can clinically identify individuals at high risk for osteoporosis by using a sta-

diometer to measure height and monitor for height changes. When height is discordant with prior 

measured height or the patient’s stated height by greater than 1 inch, this should prompt further 

evaluation.

Celiac disease is also a silent, nutritionally treatable disease and it predisposes to malabsorption 

and infl ammation. Celiac disease is estimated to be 5- to 10-fold more common among those with 

osteoporosis. (See Chapter 15, “Food Reactivities.”)

Screening for hypovitaminosis D by checking a serum 25-hydroxyvitamin D (25(OH)D) is 

indicated in the evaluation of osteoporosis and osteomalacia. Osteomalacia, an abnormal min-

eralization of cartilage and bone, is most commonly caused by vitamin D defi ciency. Vitamin 

D defi ciency can occur as a result of inadequate intake of vitamin D, inadequate exposure to 

sunlight, or malabsorption syndromes, and is frequently found in patients following gastrectomy, 

small bowel resection, and bariatric procedures.103–105 Unlike osteoporosis, osteomalacia affects 

primarily cortical bone; therefore bone densitometry testing is unlikely to confi rm the diagnosis. 

Clinically, these patients can present with bone pain and proximal muscle weakness; however, 

distinguishing osteomalacia from osteoporosis can be diffi cult. Diagnosis can be guided by clini-

cal presentation and treatment can be guided by biochemical indices including 25(OH)D, cal-

cium, phosphate, bone-specifi c alkaline phosphatase, parathyroid hormone, and urine calcium 

and phosphate.106,107

VI. TREATMENT

OVERVIEW

The fi rst step in treatment is prompt diagnosis. Often the underlying pathophysiology can point to 

individualized food and nutrient interventions. For example, patients with vitamin D defi ciency 

require immediate and aggressive therapy. Repletion can be achieved by giving oral pharmacologi-

cal doses (50,000 IU of vitamin D2 or 15,000 IU of vitamin D3) once weekly for 8 weeks. Effi cacy 

of the treatment should be determined by repeat serum levels, and an additional 8-week course 

prescribed if needed. For patients who are chronically defi cient, after the initial 8-week course, 

twice-per-month maintenance dosing is recommended. And for patients who are unable to tolerate 

or adequately absorb oral supplements, exposure to sunlight (UVB radiation) is still the best source 

of vitamin D and is an effective alternative.108

DIETARY PATTERN

Diet as a fi rst-line treatment cannot be overemphasized. (See Chapter 31, “Osteoporosis.”) Eating 

fi ve to nine servings of fruits and vegetables rich in potassium daily produces a net alkaline load 

and offsets the net calcium loss induced by the typical American diet’s high sodium and acid load.109 

Fiber is an important component of the alkaline diet. Some forms of fi ber can impair mineral 
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absorption, but this is not uniformly the case and a diet high in fi ber is recommended. One specifi c 

type of fi ber found in fruits and vegetables is the inulin-type fructans, a subclass of fructooligosac-

charides, which have been shown to improve calcium absorption in adolescents and adults.110

FOOD SELECTION

Treatment can extend to individual food choices. For example, a single food, dried plums, has been 

shown to have a positive effect in animal models on bone density and a positive effect on bone for-

mation biomarkers in human studies.111

Coffee or tea? Tea drinkers have higher bone density compared to nondrinkers. Research demon-

strates that the fl avonoids found in tea may offset caffeine’s effect and actually increase bone den-

sity. A recent prospective study demonstrated that bone loss occurred in those women who had both 

low calcium intake and high caffeine intakes.112 The deleterious effects of caffeine on bone can be 

negated by consuming adequate calcium.113,114 Carbonated beverages, particularly in children, may 

be troublesome primarily because they displace calcium-containing beverages from the diet.115

Isofl avones, found in soy and red clover, have attracted the most research interest to date for the 

prevention and treatment of osteoporosis. Dose-dependent benefi cial effects have been identifi ed in 

premenopausal and perimenopausal women, but not in postmenopausal women. Despite these fi nd-

ings, soy isofl avones have been marketed in relatively high doses with resultant concerns regarding 

their safety, particularly their procarcinogenic and goitrogenic effects. One serving of soy food per 

day had no demonstrable negative effects across a broad range of hormonal parameters including 

thyroid function tests, follicle stimulating hormone and luteinizing hormone levels, and total estro-

gen levels.116,117

NUTRIENT SUPPLEMENTATION

Nutrient interventions are also available, with much ongoing research extending beyond calcium 

for bone mineralization. Bone nutrients are detailed in Table 32.2. Bone nutrients are best supple-

mented together. In general, chelated minerals, which are bound to organic acids, may be better 

absorbed than inorganic forms. Chelating minerals with citrate may offer additional advantages. 

Calcium citrate has been shown to attenuate the risk of calcium nephrolithiasis, is alkalinizing, is 

soluble in the presence of achlorhydria, and is absorbed as both ionic calcium and a calcium citrate 

complex.118

VII. SUMMARY

In sum, early detection of metabolic bone disease allows for timely treatment interventions. 

Treatment for osteoporosis involves addressing the underlying contributing factors, many of which 

involve food and nutrients. A comprehensive treatment approach extends beyond calcium supple-

mentation. It involves dietary patterns, food selection, and attention to individualized nutrients.
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33 Osteoarthritis

David Musnick, M.D.

I. INTRODUCTION

Physicians in primary care practices have a signifi cant number of patient visits in which the patient 

has complaints of musculoskeletal pain or joint dysfunction. A signifi cant percent of these patient 

visits involve joints that are compromised by osteoarthritis (OA). Visits for OA-related pain are even 

more common in specialty practices such as physiatry, orthopedic surgery, rheumatology, and sports 

 medicine. The usual approach of prescribing nonsteroidal anti-infl ammatory drugs (NSAIDs) and pain 

medications does not adequately address the problems that most patients have in regard to dysfunction 

of their joints. It may also not adequately slow the breakdown of cartilage. NSAIDs and pain medication 

can have signifi cant side effect profi les. Nutritional approaches to OA can decrease pain and improve 

function. There is also evidence that the use of nutritional therapies may slow progression of OA. This 

chapter will provide a clinical approach to this highly prevalent condition.

II. EPIDEMIOLOGY

OA is the most common type of arthritis. It can affect any joint of the body but most commonly 

involves the knees, hips, neck, low back, and hands. In early 2008 a study was published that esti-

mated the prevalence of OA in the U.S. adult population to be approximately 27 million having 

clinically signifi cant OA [1].

This estimate has increased by 6 million from the 2005 fi gures, which shows a signifi cant increase 

in the disease. The data are likely to underestimate the actual number of people with symptomatic 

OA in any one joint, because the data were related to symptomatic OA of the knee, hand, or hip and 

did not include data on OA of the neck or low back, for example.

III. PATHOPHYSIOLOGY

OA is characterized by progressive degeneration of articular cartilage with resultant joint space nar-

rowing, cysts, and osteophyte formation. In addition there can be subchondral bone changes. In the 

spine, OA is also characterized by disc dehydration, decreased disc space height and dysfunction as 

well as facet joint hypertrophy and narrowing of the neuroforamen. OA of the knee may involve the 

articular cartilage of the patellofemoral joint, proximal tibia fi bula joint as well as the tibia femur 

joint. OA of the knee commonly involves degeneration and tearing of meniscal cartilage on the 

medial or lateral meniscus, which increases risk of degeneration of the articular cartilage.

OA progresses when tissue regeneration cannot keep pace with the rate of cartilage loss. Joint 

damage may occur when the biomaterial properties of the articular cartilage are inadequate or the 

load on the joint is excessive [2, 3]. Contributing factors related to the development or progression of 

OA in a particular joint are: traumatic injury including sprains and contusion, malalignment includ-

ing myofascial tightness and ligament laxity, prolonged muscle weakness in muscles stabilizing 
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or moving the joint, genetic predisposition, aging, and nutritional factors. Additional insult on the 

total joint load can come from the extra weight burden associated with obesity and certain physical 

activities such as high-impact sports.

OA is characterized initially by irregularities of the articular cartilage surface, a thickening of 

subchondral bone, and formation of marginal osteophytes. Eventually changes include cartilage 

softening, ulceration, and focal disintegration within the joint with the most striking changes usu-

ally seen in load-bearing areas of the articular cartilage.

Chondrocytes comprise the entire cellular matrix of the joint capsule whereas the substrate of the 

extracellular matrix is comprised of collagen and polysaccharides known as glucosaminoglycans 

(GAGs). Substantial GAGs in the extracellular matrix include hyaluronic acid, chondroitin-4-sulfate, 

chondroitin-6-sulfate, dermatan sulfate, and keratan sulfate. The primary roles of the extracellular 

matrix include absorbing shock, maintaining viscosity, and nourishing chondrocytes. The primary role 

of the chondrocytes is the ongoing synthesis of matrix components. In short, the health of the joint is 

dependent on the function and quality of the chondrocyte and the extracellular matrix.

Early in the course of the disease there is evidence of enhanced chondrocyte replication, sugges-

tive of attempts at repair. In spite of accelerated metabolism within the chondrocyte, the synthesis 

of matrix substrates is insuffi cient and results in a decreased concentration of sulfur-containing 

proteoglycans within the extracellular space. The failure of chondrocytes to compensate for the 

proteoglycan loss results in a net loss of major matrix contents, including chondrocytes [4].

The loss of proteoglycan density causes an infl ux of water into the matrix. The infl ux of water 

weakens the chemical bonds within the matrix, decreasing the matrix viscosity as well as its capacity 

to absorb shock and nourish the chondrocytes. The hypertrophy and subsequent death of the chon-

drocytes cause hyaline cartilage to degenerate and the matrix begins to calcify [5, 6].

The progressive depletion of sulfated proteoglycans from the extracellular matrix of articular 

cartilage, one of the earliest manifestations of OA, is thought to be due to enhanced activity of the 

lysosomal enzymes arylsulfatases A and B [7].

There are infl ammatory mediators in OA. Interleukin-1 (IL-1) is the prototypical infl ammatory 

cytokine implicated in signaling the degradation of cartilage matrix in OA. IL-1 is synthesized by 

chondrocytes and mononuclear cells lining the synovium, and it suppresses the synthesis of type 

2 (articular) cartilage and promotes formation of type 1 (fi brous) cartilage. IL-1 induces catabolic 

enzymes such as stromelysin and collagenase, and IL-1 upregulates the production of aggrecanases, 

which cleave proteoglycan. Intra-articular injection of IL-1 induces proteoglycan loss and an IL-1 

receptor antagonist slows progression of cartilage loss in animal models of OA [8]. Given the role of 

IL-1 in promoting cartilage degradation, IL-1 inhibition is a logical treatment target in OA.

In addition to the production of aggrecanases, IL-1 triggers an entire cascade of proinfl ammatory 

and catabolic cytokines, including tumor necrosis factor-α (TNFα), IL-6, IL-8, and PGE2, which 

act synergistically with IL-1 to perpetuate the proinfl ammatory cascade [8]. TNFα induces carti-

lage degeneration by both sustaining cytokine production and increasing expression of collagenases 

and aggrecanases [9].

In response to IL-1, chondrocytes secrete neutral metalloproteinases (MMP) and active oxygen 

species that are directly implicated in the destruction of cartilage matrix. IL-1 is a potent inhibitor 

of proteoglycan and collagen synthesis [10].

There are other cytokines that may play a role in OA and these include IGF 1, transforming 

growth factor beta and osteopontin. These cytokines may be primarily anabolic for cartilage.

A number of proteases including metalloproteinases can lead to degeneration of cartilage. These 

include collagenases, which are a family of enzymes known to cleave helical type 2 cartilage and 

have activity against type X cartilage. Connective tissue cells produce tissue inhibitors of metallo-

proteinases (TIMPs). There is likely an imbalance between the level of TIMPs and the metallopro-

teases that may lead to a catabolic effect and subsequent cartilage degradation [11].

Age is the risk factor most strongly correlated with OA, and some studies suggest that more than 

80% of individuals over the age of 75 are affected [12, 13]. Age-related tissue changes are believed 
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to be due to a decrease in the repair mechanisms of chondrocytes. With age, chondrocytes are 

unable to maintain synthetic activity, exhibit decreased responsiveness to anabolic growth factors, 

synthesize smaller and less uniform proteoglycans and express fewer functional link proteins [13].

IV. PATIENT EVALUATION

In general, severe degenerative joint disease (DJD) is associated with signifi cant pain and disability. 

A patient may have mild to moderate OA of the knee and hip and not be very symptomatic. Patients 

can progress to becoming symptomatic and having signifi cant dysfunction with progress of OA of 

the involved joint. OA appears to progress in perimenopause and menopause in women. Given the 

vulnerability of aging joints to OA it is advisable to include in a yearly physical exam visit a preven-

tative history and physical examination directed at the knee and hip joints.

In this exam, evaluate lower extremity joint mechanics and alignment, looking especially for 

varus or valgus knee alignment and excessive pronation or supination of the feet. Evaluate and make 

suggestions on gait and footwear as many people, especially women, have footwear that does not 

support their feet well especially against the pronation forces of gait, and this could place abnormal 

forces on their knees and hips. Evaluate and make suggestions to help patients sit in neutral spine 

posture to slow or prevent neck and low back OA. Evaluate and treat muscle weakness, muscle tight-

ness, and age-related sarcopenia.

Assessing dysfunctional biomechanics of the knee and hip is essential for a complete treatment 

approach for OA. OA occurs more commonly in a number of areas of the body: the C5-7 areas of 

the cervical spine, the L4-S1 areas of the lumbar spine, the knees, the hips, and the interphalangeal 

(IP) and distal interphalangeal (DIP) joints of the hands as well as the carpometacarpal (CMP) joint 

of the thumb. The hips and knees are weight-bearing joints and excessive or abnormal loads can 

contribute to the development and progression of OA. Dysfunctional mechanics at a joint can cre-

ate excessive shearing and abnormal forces on articular cartilage contributing to the progression of 

DJD. Dysfunctional mechanics can result from alignment dysfunction from tight muscles (myofascial 

factors), loss of cartilage, gait dysfunction, weak muscles, poor posture, lax ligaments, and nonsup-

portive footwear. It is important to evaluate a patient that has OA for these factors and to suggest treat-

ment. Biomechanical assessment also forms the basis of exercise recommendations to avoid excessive 

impact on the effected joints and to maximize the safe exercise in which patients will engage.

A clinical exam can also evaluate the comorbidities discussed below.

OVERWEIGHT AND OBESITY

Greater body mass index (BMI) in both women and men has been associated with an increased risk of 

knee OA. Obesity leads to abnormal alignment and loads at weight-bearing joints, especially the knee 

and hip. It may lead to altered posture (in standing, sitting, and sleeping), altered biomechanics of gait, and 

less physical activity, any or all of which may further contribute to altered joint biomechanics [14].

Obesity may also contribute to OA because of the contribution of adipose cells of infl ammatory 

cytokines. In any patient that has OA and is overweight or obese it is important to have a treatment 

plan to include weight loss that is concurrent with other OA recommendations. Obesity is an impor-

tant comorbid condition to treat because of the increased relative risk of OA in obese patients [15]. 

There is an increased relative risk of OA of the contralateral knee within 2 years of the onset of OA 

of a knee [16].

HYPERMOBILITY SYNDROMES

Patients who have ligament laxity in a single joint have a higher risk of developing OA in that joint. 

Patients who have joint laxity in numerous joints have a higher risk of developing OA in lower and 

upper extremity joints.
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This is more common in patients who have the Benign Hypermobile Joint Syndrome (BHJS) [17]. 

Patients should be screened on history and physical exam for evidence of hypermobility. Patients with 

hypermobility of their hands are at higher risk of thumb OA at the fi rst CMC joint. Patients with liga-

ment laxity in the knee are at higher risk of progression of knee OA. Patients with BHJS should be 

given information regarding how to protect each hypermobile joint. They should be seen by a physical 

therapist trained in this disorder. It is also advisable for the patient to be on daily joint support such as 

glucosamine sulfate. Extraarticular ligament injections (prolotherapy) may be appropriate to stabilize 

hypermobile joints.

HEMOCHROMATOSIS

An iron storage disease, hemochromatosis is a comorbid condition as it can predispose to OA, espe-

cially of the metacarpophalangeal (MCP) joints of the hand. Serum ferritin, iron, and transferrin 

saturation should be checked in any patient with widespread OA or OA at an early age to rule out 

hemachromatoses.

IV. TREATMENT

The primary treatment targets for OA include the reduction of pain and infl ammation, improvement 

of joint function and joint biomechanical alignment, halting or slowing degeneration, and encourag-

ing regeneration of cartilage. Nutritional therapies may be especially useful in the treatment of OA 

because they can provide the substrate for cartilage regeneration and have demonstrated effi cacy in 

controlling pain and infl ammation. Nutritional therapies are outlined in Table 33.1.

NUTRITIONAL THERAPY CAN REDUCE THE SIDE EFFECTS OF MEDICATIONS

NSAIDs, both over the counter (OTC) and prescription, have been the primary treatment of OA. 

They appear to be moderately effective for pain control and in improving function. They are, unfor-

tunately, associated with a signifi cant side-effect profi le. These side effects include stomach and 

duodenal ulcers and decreased renal blood fl ow along with potential decline in renal function.

While NSAIDs are effective in the reduction of pain, the long-term use of NSAIDs is not recom-

mended in OA [18] due to the tremendous side-effect profi le of these agents. Each year, as many as 

7600 deaths and 76,000 hospitalizations in the United States, 2000 deaths in the United Kingdom, 

and 365 deaths and 3900 hospitalizations in Canada may be attributable to NSAIDs [19]. In addition 

to the inherent side effects of NSAIDs, there is evidence, both in animals with experimental OA and 

in humans, that administration of NSAIDs may actually accelerate joint destruction [20–23] but this is 

still debated in the literature [24]. Due to the high incidence of side effects from NSAIDS, clinicians are 

advised to avoid or minimize their use when possible and use on a short-term basis when necessary.

NSAIDs may lead to defects in the mucous lining of the gastric mucosa, or the small or large intes-

tine. They can lead to damage of the wall of the intestine. The former may be treated with nutritional 

support to improve the mucous lining. NSAIDs may also lead to an iron defi ciency anemia, which may 

be treated with supplemental iron. Prolonged NSAID use may increase the permeability of the small 

intestine and may predispose an individual to food allergies, which may further aggravate joint pain.

Narcotic pain-relieving medications are less frequently used for OA pain. These can slow intestinal 

motility and lead to constipation. These drugs may upset sleep and can even lead to pain sensitization.

Several nutritional supplements have been shown to be as effective as NSAIDs in reducing 

pain and improving functional limitation in patients with OA without adverse effects common to 

NSAIDs. These include glucosamine sulfate, lyprinol, and SAMe. A 2004 study demonstrated 

SAMe (1200 mg/day) was as effective as a commonly prescribed COX-2 inhibitor, but with a slower 

onset of action and a lower incidence of side effects [25].
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TABLE 33.1
Mechanism of Action by Which Nutrients Protect Against OA
Nutrient Mechanism of Action Reference

Analgesic
Avocado/Soybean Unsaponifi able 

Residues (ASU)

Analgesic Lequesne, Maheu et al. 2002

Chondroitin sulfate Analgesic Morreale, Manopulo et al. 1996

Glucosamine sulfate Analgesic Matheson and Perry 2003; Bruyere, 

Pavelka et al. 2004

SAMe Analgesic Najm, Reinsch et al. 2004

Modulate Infl ammation
Avocado/Soybean Unsaponifi able 

Residues (ASU)

Modulate infl ammation by 

suppressing IL-1, PGE-2, IL-6, 

IL-8

Hauselmann 2001

Omega-3 Fatty Acids Modulate infl ammation by 

suppressing IL-1, TNFα, 

PGE-2, 5-LOX, FLAP, 

COX-2

Curtis 2000

SAMe Modulate infl ammation by 

suppressing IL-1, 

TNFα

Gloystein, Gillespie et al. 2003

Glucoasamine Modulate infl ammation by 

suppressing PGE-2

Nakamura, Shibakawa, et al. 2004

Cartilage Regeneration
Chondroitin sulfate Increase proteoglycan synthesis Reginster 2003

Glucosamine sulfate Increase proteoglycan synthesis, 

Increase chondrocyte matrix gene 

expression

Matheson and Perry 2003; Poustie, 

Carran et al. 2004

SAMe Increase proteoglycan synthesis Gloystein, Gillespie et al. 2003; 

Bottiglieri 2002

Vitamin C Increase proteoglycan synthesis Schwartz & Adamy 1977

Avocado/Soybean Unsaponifi able 

Residues (ASU)

Increase collagen synthesis, 

Stimulate TGF-beta1, Stimulate 

plasminogen activator inhibitor-1 

expression

Boumediene, Felisaz et al. 1999; 

Hauselmann 2001

Vitamin C Increase collagen synthesis, 

Stabilization of the mature 

collagen fi bril

Spanheimer, Bird et al. 1986; 

Peterkofsky 1991

Decrease Degradation
Glucosamine sulfate Decrease collagen degradation Christgau, Henrotin et al. 2004

n-3 PUFA Decreases degradation by 

inhibiting ADAMTS-4, MMP-3, 

MMP-13, aggrecanase

Curtis 2000

Vitamin C Decrease degradation by inhibiting 

aggrecanase

Schwartz & Adamy 1977

Avocado/Soybean Unsaponifi able 

Residues (ASU)

Decrease degradation by inhibiting 

metalloproteinase activity and 

collagenase synthesis

Henrotin, Labasse et al. 1998; 

Ernst 2003; Hauselmann 2001

Source: Reprinted from [26]. With permission.
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NUTRITIONAL THERAPIES CAN REDUCE INFLAMMATION

Infl ammatory mediators are integral in the pathogenesis of OA. Human OA cartilage expresses 

modulators of infl ammation (COX-2, 5-LOX, FLAP, IL-1α, TNFα) [27] that normal human carti-

lage does not.

Inhibition of infl ammatory mediators may slow disease progression and has long been a target for 

treatment. The past decade has elucidated the mechanism by which several nutritional supplements 

reduce infl ammation. Table 33.1 summarizes the mechanism by which avocado/soybean unsaponifi -

able residues, omega-3 fatty acids, SAMe, and glucosamine interfere with the infl ammatory cascade. 

The clinician should also consider placing a patient on an anti-infl ammatory, low-toxin diet rich in 

food-based antioxidants as part of a long-term treatment program to reduce infl ammatory mediators.

NUTRITIONAL THERAPIES CAN PROVIDE SUBSTRATES FOR CARTILAGE REPAIR AND REGENERATION

The regeneration of cartilage must be an emphasis of treatment to minimize disease progression. 

Substantial evidence, in vitro and in vivo, attests to the ability of nutritional agents to enhance pro-

teoglycan synthesis, increase strength of collagen network, decrease proteinases that degrade colla-

gen and proteoglycans (aggrecanase), and decrease IL-1 and subsequent proinfl ammatory cytokines 

that further perpetuate cartilage degradation.

Nourishment of the joint is complicated in that articular cartilage is neither vascularized nor 

supplied with nerves or lymphatic vessels. The outer third of the knee meniscus has a reasonable 

blood supply. Chondrocytes receive their nourishment from synovial fl uid. The use of nutritional 

supplements to support joints with osteoarthritic changes makes sense primarily if there is cartilage 

surface remaining as opposed to bone-on-bone anatomy. It also makes sense as prevention for other 

joints in the setting of a joint that has minimal cartilage remaining or in one that has been replaced. 

Most of the studies regarding nutraceutical support have been done regarding OA of the knee, but it 

is very reasonable to consider their use in other joints with OA.

JOINT SUPPORT NUTRIENTS

Glucosamine
The vast majority of published clinical research studies have demonstrated that glucosamine is 

effective for decreasing pain, improving range of motion, and improving function. N-acetyl-D-

glucosamine is a naturally occurring amino sugar found in all human tissues. It functions as a 

building block in the synthesis of structural substrates such as glycoproteins, glycolipids, GAGs, 

hyaluronate, and proteoglycans and is required to manufacture joint lubricants and protective agents 

such as mucin and mucous secretions [28].

Although glucosamine is not generally found in the human diet, it is easily obtained from 

the exoskeletons of shrimp, crabs, and lobsters for use in medical applications. As a supplement 

glucosamine is available as glucosamine sulfate, glucosamine hydrochloride, and N-acetyl glu-

cosamine. Thus far, the majority of clinical research demonstrating effi cacy in OA has been con-

ducted with the sulfate form. Glucosamine sulfate is the recommended form at this time.

When administered orally, the absorption rate for glucosamine sulfate (GS) in the human GI 

tract is approximately 87% [29]. In recent years, a topical cream containing glucosamine and chon-

droitin sulfate has shown effi cacy in relieving pain in OA of the knee [30]. Topical GS is reasonable 

to use for peripheral meniscus tears in patients with reasonable knee function, chondromalacia 

patella, and OA of the great toe, thumb, and fi ngers. It should be applied 2 to 3 times per day over 

the joint line areas.

Glucosamine sulfate has been shown in a number of studies to slow progression of joint 

space narrowing in the knee. One study compared GS 1500 mg/day versus placebo and followed 

the patients for 3 years. It demonstrated a mean joint space narrowing of 0.04 mm in the GS 
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group versus 0.19 mm in the placebo group [31]. These results were similar to another 3-year study 

of GS versus placebo published in Lancet in 2001 [32].

In 2004, a study was published documenting that GS had the ability to reduce joint space nar-

rowing in postmenopausal women with OA of the knee [33]. The mechanism of action is purported 

to be the increased availability of substrate for proteoglycan synthesis as well as anti-infl ammatory 

actions [23, 27].

All of the above studies used a single daily dose of GS of 1500 mg. It is reasonable for the cli-

nician to recommend that their patient use this dose and a dosing method as a minimum dose to 

achieve structure-modifying effects.

While studies of glucosamine and OA are largely positive, there are a few negative studies that 

raise several interesting questions about whether or not glucosamine may be more effective in OA 

subtypes. In a 2004 study, Christgau and colleagues used specifi c markers of collagen turnover to 

help classify patients at baseline. Using these markers, they were able to demonstrate that those 

patients who initially had high cartilage turnover were particularly responsive to glucosamine 

therapy [34]. Another question remaining for clinical investigation is the generalizability to glu-

cosamine to treating OA of all joints, since the knee has been the most widely studied.

The one constant found in all studies reported in the medical literature is that glucosamine 

appears to be remarkably safe and well tolerated at 1500 mg/day given either once daily or in 

divided doses. Side effects are signifi cantly less common with glucosamine than either NSAIDs or 

placebo [35]. Recent studies have addressed concerns that glucosamine, a sugar, can have adverse 

effects on levels of plasma glucose and insulin but further research has found these concerns to be 

unfounded [35–38].

Glucosamine is often derived from shellfi sh and several authors have expressed concern that 

the supplement may cause allergic reactions in people who are sensitive to shellfi sh. Glucosamine 

is derived from the exoskeletons of shellfi sh but antibodies in individuals allergic to shellfi sh are 

targeted at antigens in the meat, not the shell. Thus far, there have been no documented reports of 

allergic reactions to glucosamine among shellfi sh-sensitive patients, but it is prudent to recommend 

the synthetically derived, generally corn-based, form of the supplement be used in this population 

[39].

Most studies have concluded that patients taking glucosamine do not seem to notice much effect 

for at least 6 weeks. Patients need to be educated in regard to the duration of supplementation and 

how long it may take to notice an effect. Guidelines will be given at the end of this chapter for the 

duration of joint support supplementation.

Chondroitin Sulfate
Chondroitin sulfate (CS), a mucopolysaccharide, is a proteoglycan component that functions in the 

maintenance of cartilage elasticity, strength, and mass. In humans, CS is made from GS derivatives. 

CS, like glucosamine, is not present in signifi cant amounts in the human diet. It is extracted from 

either bovine trachea or marine shell sources for use in OA.

The medical literature contains numerous studies, of varying quality, pertaining to the use of 

chondroitin as a therapy for OA. Many early studies have shown effi cacy in relieving pain and 

improving function whereas some later studies and meta-analyses have not [40]. Chondroitin stud-

ies have often used combinations of chondroitin with glucosamine (often in the HCL form). CS has 

been shown in many studies to alleviate pain, decrease NSAID use, and improve joint mobility. A 

number of studies have shown that CS may be able to slow the progression of joint space narrowing 

with OA of the knee [41–43]. A recent study demonstrated reduction in joint space narrowing of 

0.1 mm compared to 0.24 mm in the placebo group [44].

Results of chondroitin supplementation typically take 8 to 12 weeks to become apparent as in 

the glucosamine studies. The recommended dosage is 800 to 1200 mg/day given orally in 1 or 2–3 

divided doses. Studies showing a reduction in joint space narrowing have evaluated single dosing 

at 800 mg/day [45, 46].
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There is not enough evidence to suggest an additive benefi t of chondroitin when GS is already 

being used in therapeutic doses, but CS is generally relatively inexpensive and without side effects. 

Because of this it is recommended that the clinician recommend GS as a fi rst-line agent and make 

sure the patient is using GS because of the research to support that formulation. One could then add 

1200 mg/day of CS after a minimum of 12 weeks on GS to see if the patient improves in pain and 

function. It would also be reasonable to choose a different second agent other than CS based on the 

recent meta-analysis.

An important controversy in the medical literature as it pertains to the effi cacy of chondroitin 

is whether or not clinically signifi cant amounts are available to the body via oral dosing given the 

large size of the molecule. During the past few years, several studies have demonstrated a low oral 

absorption of CS and have shown absorption estimates across the gut mucosa range from 10% to 

70% [47, 48]. Low-molecular-weight CS was developed to improve absorption of CS.

Other than mild gastrointestinal distress, the incidence of adverse effects with CS is extremely 

low. Chondroitin is typically extracted from bovine trachea and concern has been expressed about 

the potential risk of contamination by animals infected with bovine spongiform encephalopathy 

(BSE, mad cow disease). There are currently no documented cases of such contamination and risk 

of transmission is thought to be low. Low-molecular-weight CS is made from shellfi sh sources. 

Vegetarian patients should be informed of the bovine origin of chondroitin products.

SAMe (S-Adenosyl Methionine)
SAMe is synthesized endogenously from methionine and adenosine triphosphate (ATP). It is a 

methyl donor to numerous acceptor molecules and plays an essential role in many biochemical 

reactions involving enzymatic transmethylation. In addition it has proved effi cacious in treatment 

of OA in regard to treatment of infl ammation and cartilage regeneration, and its use is primarily 

limited by quality and cost factors.

SAMe has been shown to inhibit the synthesis and activity of IL-1 and TNFα at multiple locations 

in its signal transduction pathways. SAMe has demonstrated the ability to up-regulate the proteogly-

can synthesis and proliferation rate of chondrocytes, thereby promoting cartilage formation and repair. 

SAMe is an alternative to NSAIDs for treatment of joint infl ammation and pain caused by trauma 

and disease states such as OA. It is a proven therapy for OA and has a low side-effect profi le. The 

consensus among several published reviews is that SAMe appears to be of equivalent effectiveness 

to NSAIDs in reducing pain and improving functional limitations, with fewer side effects. One study 

suggested SAMe has a slower onset of action than NSAIDs with equivalent results at 4 weeks [49].

B12 and folate aid the body in using SAMe, and it may be useful to supplement with these 

nutrients as well. The amounts in a good multiple vitamin would usually be suffi cient. SAMe can 

interact with tramadol as well as serotonergic antidepressants. One should try and use other agents 

when these drugs are prescribed or use SAMe with caution and monitor patients for a serotonergic 

syndrome. There appears to be some effi cacy of SAMe in patients with fi bromyalgia; therefore, it 

would be a good choice in a patient with OA and fi bromyalgia [50].

SAMe is effi cacious in depression so that its use would be indicated in a patient with OA and 

comorbid depression. One would then evaluate its effi cacy on mood as well as its effect on pain.

There are a number of forms of SAMe available. Patients should be encouraged to use enteric-

coated SAMe. Most of the SAMe products available are in the tosylate form. The butanedisulfonate 

is more bioavailable and more stable although it is more expensive. The dosage of SAMe is typically 

200 mg three times per day for OA and 800 mg/day if treating OA and fi bromyalgia.

Methylsulfonylmethane (MSM)
MSM is a source of sulfur as well as a methyl donor. In one study MSM and GS were used alone and 

in combination. Both agents were found to be effi cacious in OA but the combination of 500 mg of 

MSM and 500 mg of GS were found to be more effi cacious than the use of one of them alone. Also 

in this study patients reported improvement in symptoms with less lag time than with the individual 

agents alone [51]. MSM has been shown at doses of 3 g two times per day in a placebo-controlled 
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trial to decrease pain and improve function in activities of daily living [52]. MSM appears to have 

a minimal side-effect profi le. Although there have only been two studies MSM appears to show 

effi cacy. Doses of 3000 mg twice a day are recommend if used alone or 500 mg three times a day 

if used concurrently with GS.

Hyaluronic Acid (HA)
HA is the main component of the extracellular matrix within the joint. It is a hydrophilic polysac-

charide varying in length from 250 to 25,000 disaccharide units. The large size of this molecule 

and the water it holds give the matrix solution remarkable viscosity, tensile, and shock absorption 

properties. The oral form of HA is not well absorbed.

It is important to note that oral cartilage support supplements do not appear to have much effect 

in joints with little surface or meniscus cartilage remaining. Intra-articular hyaluronans (visco-

supplementation) have been used extensively to treat pain and mechanical dysfunction associated 

with OA of the knee. Many controlled clinical studies have demonstrated their effi cacy and a low 

side-effect profi le for this indication and application [53–56].

Intra-articular injections of the knee are indicated if the patient has very little cartilage surface and 

wishes to avoid surgery. They are done one time per week for 3 to 5 weeks (depending on the viscosup-

plementation formulation used). An improvement in pain levels and in function appears to have clini-

cal benefi t lasting from 6 to 9 months. The treatment often needs to be repeated after 6 to 9 months. 

Side effects are minimal and may include swelling. It is of note that this treatment is usually given to 

patients in whom there is little cartilage and joint space remaining. It can in fact be very benefi cial in 

patients with mild to moderate joint space narrowing and in patients with chondromalacia patella.

Omega-3 Fatty Acids
Osteoarthritic cartilage expresses markers of infl ammation that contribute to the dysregulation of 

chondrocyte function and the progressive degradation of the cartilage matrix. In vitro, when human 

OA cartilage explants are exposed to omega-3 polyunsaturated fatty acids, the molecular modula-

tors of infl ammation are inhibited. Curtis and colleagues cultured human OA articular cartilage 

with various fatty acids and concluded omega-3 fatty acids, but not other fats, have the capacity to 

improve late-stage OA chondrocyte function. They found culture for 24 hours with omega-3 fatty acids 

resulted in a decreased loss of GAGs, reduced collagenase cleavage of type II collagen, and a dose-

dependent reduction in aggrecanases, and all studied modulators of infl ammation (COX-2, 5-LOX, 

FLAP, IL-1α) and joint destruction (ADAMTS-4, MMP-3, MMP-13) were abrogated or reduced [57].

The concentration and distribution of fatty acids in the diet have long been known to exert infl u-

ence over the infl ammatory cascade. While no large-scale clinical studies have yet been done on 

the infl uence of omega-3 fatty acids on the symptoms or progression of OA, several clinical stud-

ies have demonstrated dietary supplementation with omega-3 fatty acids reduces the infl ammatory 

symptoms of rheumatoid arthritis [58, 59].

When treating patients with omega-3 fatty acids it is reasonable to use fi sh oil products consisting 

of EPA and DHA. It is reasonable to choose products that have been tested for purity and that are 

extremely low in contaminants of pesticides, mercury, and PCBs. It is reasonable to use approxi-

mately 2 to 4 g of high-EPA fi sh oil per day. In patients with sluggish delta-6-desaturase enzymes, 

the omega-6 equivalent GLA may also need to be taken even though it is omega-6. This would be 

recommended for patients who are obese as well as for patients who have metabolic syndrome. Side 

effects of fi sh oil are minimal but caution should be used if a patient is on a medication such as 

Coumadin because of the platelet effects of fi sh oil.

Lyprinol is a patented extraction of New Zealand green-lipped mussel powder derived from 

Perna canaliculus. It has been shown to provide signifi cant pain relief and improvement in joint 

function in 80% of subjects after 8 weeks of treatment without adverse effect. The therapeutic value 

of Lyprinol has been attributed, in part, to its high concentration of omega-3 fatty acids [60].

There have been variable results in effi cacy of trials using Lyprinol in patients with OA at the 

current starting dose of 900 to 1200 mg/day. It would not be a fi rst-line approach and EPA/DHA 
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capsules or oil should be used fi rst for its anti-infl ammatory effect because of extensive research 

on safety and benefi cial effects in joints and nonjoint systems. It appears that Lyprinol does not 

have the same adverse GI side-effect profi le as NSAIDs and therefore could be used as a safe anti-

infl ammatory for patients with OA.

Cetylated Fatty Acids (CFAs)
CFAs have been used in studies both orally and topically. CFAs have been marketed under the name 

of Celadrin and Cetyl Myristoleate and have minimal side effects. They have been demonstrated 

in short-term studies to improve range of motion and function of patients with knee OA [61, 62]. A 

single short-term study has demonstrated effi cacy of topical CFAs on wrist and elbow function and 

endurance during exercise [63]. CFAs may be taken orally in a dose of 350 mg or used topically to 

improve pain and function in OA of the knee, elbow, and wrist. One could extend this use to the 

thumb at the CMC joint.

Vitamin C/Ascorbic Acid
Ascorbic acid plays a role in the synthesis of joint components, encourages cartilage synthesis in 

vitro, and epidemiologic data suggest dietary intake of ascorbic acid is associated with a reduction 

of OA progression. Vitamin C is necessary for the synthesis of collagen and GAGs within the joint 

capsule. In collagen synthesis, ascorbic acid is a cofactor for enzymes essential for stabilization of 

the mature collagen fi bril [64, 65].

The role of vitamin C as a carrier of sulfate groups also makes it a requirement for GAG 

synthesis [7].

In vitro, addition of ascorbic acid to OA cultures results in a decreased level of aggrecanase, 

the primary enzyme responsible for the degradation of proteoglycan. Vitamin C has been shown 

to signifi cantly increase the biosynthesis of proteoglycan in both normal and osteoarthritic tissues, 

suggesting it may be helpful in joint repair [7].

In the Framingham OA Cohort Study, a moderate intake of vitamin C (120 to 200 mg/day) was 

associated with a three-fold lower risk of OA progression. The association was strong and highly 

signifi cant and was consistent between sexes and among individuals with different severities of OA. 

The higher vitamin C intake also reduced the likelihood of development of knee pain [66].

Avocado/Soybean Unsaponifi able Residues (ASU)
ASU is a manufactured product, distributed in France as Piascledine, consisting of 1/3 avocado oil 

and 2/3 soybean unsaponifi ables [67]. Three of four rigorous clinical trials suggest that ASU is an 

effective symptomatic treatment of OA. A dose of 300 mg ASU per day has demonstrated effi cacy 

in both knee and hip OA but appears to have been studied more extensively for hip OA. Outcome 

measures have included a reduction in NSAID and analgesic intake, a reduction in pain, and an 

increase in function. ASU has been shown to have structure-modifying effects in the hip [68]. No 

serious side effects were reported in any of the published studies.

Based on in vitro research, the apparent mechanism of effect of ASU is via the attenuation of 

infl ammatory mediators and the stimulation of anabolic processes within the cartilage. The anti-

infl ammatory effects of ASU include the inhibition of IL-1 and the inhibition of IL-1-stimulated 

PGE2 and proinfl ammatory cytokines IL-6 and IL-8 in vitro, and prevented the deleterious action 

of IL-1 on synovial cells and on articular chondrocytes of rabbits in vivo [10, 69].

Several in vitro studies on cultured chondrocytes have demonstrated these unsaponifi able residues 

have an inhibitory action on collagenase synthesis, metalloproteinases, proinfl ammatory cytokines, 

IL-6 and IL-8, the inducible form of nitric oxide synthase, and PGE2, all of which decrease infl am-

mation [16, 70]. The anabolic effects of ASU include the in vitro stimulation of collagen synthesis 

and transforming growth factor-β1 in articular chondrocyte cultures and the expression of plasmi-

nogen activator inhibitor-1 by articular chondrocytes [69]. ASU has also been found in a lab model 

to promote tissue inhibitors of metalloproteinases and limit MMP-3 production [71].
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Niacinamide/Vitamin B3
Niacin, or vitamin B3, occurs in two forms, nicotinic acid (usually referred to as niacin) and nico-

tinamide (typically referred to as niacinamide). While both forms have many functions in the body 

and are crucial to cellular energy production as precursors of NAD and NADP, their therapeutic 

uses differ considerably.

Niacinamide has been in use as a therapy for OA since the 1940s based on preliminary work 

by Kaufman [72, 73]. In offi ce clinical research, reported by Kaufman on 455 patients receiving 

1500 to 4000 mg/day, niacinamide compared against untreated age-matched controls suggested an 

increase in joint range index and subsequent reduction in pain in 4 to 8 weeks. Recently investiga-

tors have examined effi cacy and potential mechanism of action of niacinamide in OA more closely. 

Jonas and colleagues demonstrated in a 12-week randomized double-blind placebo-controlled trial 

(N = 72) that patients who took niacinamide (3000 mg daily) experienced an improvement in the 

global impact of their OA, increased joint fl exibility, reduced infl ammation, and decreased use of 

anti-infl ammatory medication, compared to controls [74].

While the mechanism of action of niacinamide in OA has yet to be fully elucidated, current 

theories suggest that niacinamide acts on chondrocytes to decrease cytokine-mediated inhibition of 

aggrecan and type II collagen synthesis. In addition, reduction in either production or effect of IL-1 

on chondrocytes has been suggested as a plausible mechanism [75].

Adverse affects have not been widely reported with pharmaceutical-grade niacinamide [76]; 

however, nausea, heartburn, fl atulence, and diarrhea have been reported. Elevated liver enzymes 

have been reported with the administration of niacinamide [77] and for this reason it is advisable to 

ensure niacinamide supplement quality and evaluate baseline liver function tests prior to, and peri-

odically after, niacinamide administration. While large-scale safety, effi cacy, and dosing studies 

are clearly lacking for the general recommendation of niacinamide treatment for OA, preliminary 

research suggests the nutrient has therapeutic value and warrants further investigation.

Strontium
Strontium ranelate is a nutrient that is being used in some European countries for the treatment of 

postmenopausal osteoporosis. A number of formulations of strontium have been used in the United 

States for the same purpose. Studies have provided a preclinical basis for the use of strontium ranelate 

in OA. In OA and normal chondrocytes that are treated with or without interleukin 1β (IL-1β), stron-

tium ranelate has been shown to stimulate the synthesis of type II collagen and proteoglycan [78]. 

In a 3-year post-hoc analysis of the pool of Spinal Osteoporosis Therapeutic Intervention (SOTI) 

and Treatment of Peripheral Osteoporosis studies, strontium ranelate was shown to signifi cantly 

decrease the levels of urinary C-terminal telopeptides of type II collagen (u-CTX-II), a cartilage 

degradation biomarker, compared with placebo [79].

A post-hoc analysis was done of pooled data on 1105 women with osteoporosis and OA of 

the spine [80]. The data were from the Spinal Osteoporosis Therapeutic Intervention (SOTI) and 

Treatment of Peripheral Osteoporosis (TROPOS) trials. In this study one group of women took 2 g 

of strontium ranelate daily for 3 years and they were compared to a placebo group. The admission 

criteria for these studies were women age 50 and older who had been postmenopausal for at least 

5 years and had osteoporosis documented by DEXA scan. The conclusions of the post-hoc study 

were, “The proportion of patients with worsening overall spinal OA score was reduced by 42% in 

the strontium ranelate group compared to a placebo group.” [80] There appears to be a symptom 

and structure-modifying effect of strontium in the spine. Studies have not looked at other joints. 

This study appears to indicate a role for strontium in patients that have spinal OA and osteoporosis. 

Because of the mechanism of action of strontium, it is highly likely that it would be effi cacious in 

women with osteoporosis and OA who were perimenopausal and or immediately postmenopausal 

as well as for women who were quite far out from the onset of menopause. Strontium ranelate at 2 

g/day would be the preferred form and delivers 680 mg of elemental strontium. Strontium chloride 

has not been adequately studied. Strontium ranelate appears to have interactions with calcium and 
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vitamin D. There also may be a slight increased risk of venous thrombosis. The clinician should 

follow vitamin D levels and augment as necessary and consider using strontium in patients with 

combined osteoporosis and OA of the spine.

Vitamin D
Vitamin D has been used for many years for prevention of rickets and in the treatment of osteoporo-

sis. Recently vitamin D has been recommended for cancer prevention and for reduction in all-cause 

mortality.

The expression of vitamin D receptors is up-regulated in human OA chondrocytes [81]. The 

Framingham Study found a three-fold increase in risk of OA progression for patients in the middle 

and lowest tertiles of serum levels of 25-hydroxyvitamin D. Low serum levels of vitamin D also 

predicted osteophyte growth and loss of joint space [82]. Low vitamin D levels have been associ-

ated with an increased risk of falls in the elderly population [83]. Vitamin D receptors have been 

found in muscle. It is recommended that clinicians check serum 25-hydroxyvitamin D levels in their 

patients with OA. It is recommended based on the physiology and clinical research that clinicians 

use supplemental vitamin D3 to increase the serum level of vitamin D to well within the normal 

range (above 32 ng/mL). Preliminary results of a study that is ongoing at Tufts University on the 

relationship of vitamin D defi ciency and symptoms of knee OA were presented in the Fall 2007 

Meeting of the American College of Rheumatology. Having a low vitamin D level was associ-

ated with more knee pain and greater functional limitations. The above information is convincing 

enough to support serum testing and supplementation of vitamin D in patients with OA.

Selenium
Low selenium levels have been reported as a risk factor for OA [84]. The primary organic forms of 

selenium are the amino-acid-based selenocysteine and selenomethionine. Selenium is used in the 

body in a number of enzyme systems. Selenium can be obtained from dietary sources although the 

soils are defi cient in selenium in many countries. 100 μg per day is usually recommended either in 

dietary or supplement sources.

Devil’s Claw (Harpagophytum procumbens)
There have been a number of studies assessing the effectiveness of supplementing with Devil’s Claw 

for low back pain or for OA. These studies have been reviewed recently [85]. Most of the studies are 

short term or lack controls. A recent study of patients with hip or knee OA using an aqueous extract 

of Devil’s Claw used 2400 mg of extract daily, corresponding to 50 mg of harpagoside, showed 

effi cacy in pain reduction and improvement in function but was carried out for only 12 weeks [86]. 

The long-term safety of Devil’s Claw needs more investigation before it can be recommended for 

long-term use.

Taking Devil’s Claw orally alone or in conjunction with nonsteroidal anti-infl ammatory drugs 

(NSAIDs) seems to help decrease OA-related pain.

Hydration
It is important to recommend to patients that they remain well hydrated. There is evidence that 

chronic low-grade dehydration may contribute to OA of the knee and low back. The clinician can 

recommend a minimum intake of fl uid with most of it in the form of fi ltered water. Water may also 

be obtained from juices low in sugar and in higher-water-content fruits and vegetables. Figure 33.1 

demonstrates in visual form some of the effects of dehydration on the joint.

DURATION OF JOINT SUPPORT SUPPLEMENTATION

The duration of supplementation depends on the pathology that the clinician is treating. If you are 

treating an acutely injured joint (knee, hip, or spinal joint), it is reasonable to start supplementation 
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immediately upon diagnosis and continue treatment for approximately 12 weeks. It is also reason-

able to consider an X-ray of the joint 6 months after the original injury to make sure that no sig-

nifi cant OA changes have occurred. If OA has developed, consider the guidelines in the following. 

If you are treating a joint with OA that has articular cartilage remaining, you will need to make a 

long-term plan for nutritional joint support.

CHOICE AND TIMING OF NUTRITIONAL SUPPLEMENTS FOR OA

The choice of nutritional support for patients with OA can be based on a number of factors including 

the monthly cost of an individual supplement, the effi cacy of each nutritional intervention, current 

clinical studies, and side-effect profi les. It is also related to the pathology and clinical progression 

of OA in the joint or joints being treated. The clinician should always make recommendations for 

exercise, posture, stable shoe wear, physical therapy, ligament laxity, and manipulative therapies 

when appropriate to normalize joint mechanics and forces. Although most of the research has been 

in regard to OA of the knee and hip, one can use the following nutritional approach with OA of any 

joint, including the spine.

The patient with OA should also be started on a balanced and well-formulated multivitamin 

mineral formula because of the information on selenium, vitamin D, and vitamin C. This formula 

should contain at least 100 μg of selenium, at least 200 mg of vitamin C, and at least 600 to 800 IU 

of vitamin D3. Vitamin D levels should be tested, and patients should be supplemented appropri-

ately to bring their level up to at least 32 ng/mL.

FIGURE 33.1 A well-hydrated joint is contrasted with a dehydrated joint. (From [26]. With permission.)
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Nutritional approaches can block proteases and infl ammatory cytokines and also augment sulfur 

and chondrocyte nutrients and anabolic agents. When starting or adding any supplement for joint 

support, it is important to inform the patient that they should monitor their pain level and functional 

abilities in a journal, wait at least 8 weeks before starting any new supplement, and compare pain 

and function to just before they started the new product.

Start a patient on GS at the 1500 mg/day dose for a minimum of 10 weeks. A second dose of 500 

to 1500 mg may be considered depending on the patient’s body weight and number of osteoarthritic 

joints. At approximately 10 weeks assess the patient’s functional abilities and pain level. At this 

point the clinician has a number of options on what to add. The clinician can consider adding CS 

(unless the patient is vegetarian) at the 1200 mg dose to see if there is an added benefi t in symptoms 

and function after 8 to 12 weeks. It would be reasonable to use the low molecular weight form for 

better absorption. If there is no signifi cant additive effect after 10 weeks, it is not reasonable to con-

tinue CS (unless they come to you already on a CS product and they feel that it is working well for 

them). For control of the infl ammation component consider adding a purifi ed fi sh oil product with 

about 2 to 4 g/day but it would not be recommended as an isolated treatment. It would be especially 

useful if there were other comorbidities such as depression, hypertriglyceridemia, and ulcerative 

colitis or signs of infl ammation. If fi sh oil was not helpful enough for infl ammation-related symp-

toms, a patient could try Lyprinol.

ASU would be a reasonable next agent because of the research regarding its utility in blocking 

cytokines as well as blocking metalloproteinases. One could use 300 mg of ASU per day. If this 

agent was too costly or not effi cacious, niacinamide could be used in doses of 1500 to 4000 mg/

day. One should monitor liver enzymes if this agent is added. SAMe at a dose of 200 mg three 

times a day can be considered if there is not enough benefi t with the above or as an additional 

nutraceutical. SAMe has proved quite effi cacious, but it is costly and there are issues with quality 

and stability.

Intra-articular hyaluronic acid should be considered for advanced knee and hip OA. This would 

be added to nutritional support, and if it is effi cacious can be repeated approximately every 9 months. 

It is reasonable to consider it for moderate OA as well as chondromalacia patella. Long-term use of 

glucosamine, chondroitin, SAMe, and vitamin D appear safe and patients can be maintained on any 

combination of these for long periods of time. ASU has not been used long term but it should be safe 

unless there is an allergy to soy.

NUTRITIONAL SUPPORT FOR SPRAINS AND OA PREVENTION

There is a rationale for the use of joint support nutrients after traumatic injury that involves menis-

cus or articular cartilage including moderate to severe sprains or contusions to a joint. This would 

include motor vehicle injuries to the facets of the neck, thoracic and lumbar spine, contusions to 

the patella, ankle, knee meniscus, and other extremity sprains. No long-term studies document the 

prevention of OA with joint support nutrients after traumatic injury, but the rationale of nutritionally 

supporting the healing and biochemical substrates of cartilage healing are very sound. GS with or 

without CS may be started at the time of diagnosis and continued for a minimum of 8 weeks and 

preferably for 12 weeks after the sprain. There is a defi nite preventative indication here with low 

chance of side effects. In addition to traumatic injuries there appears to be good clinical response 

to the use of GS in problems involving the articular cartilage of the patella in both patellofemoral 

tracking syndrome and chondromalacia. The clinician can recommend starting joint support nutri-

ents 6 to 8 weeks before high use of the knee in sports. If the problem and use of the knee are ongo-

ing, then nutritional support should be continuous.

Limit higher risk activities such as contact sports and sports with a high risk of falling. 

Limit running in patients with moderate OA of the knee or hip. Encourage cross training for 

exercise. Limit work and household-related activities of squatting, kneeling, and excessive stair 

climbing.
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V. SUMMARY

A nutritional approach to OA is theoretically justifi ed and has been overwhelmingly validated in 

laboratory and clinical trials. Whereas conventional therapeutics may offer the most effective short-

term pain relief in OA, long-term pain relief, improvement in function, and regeneration of the joint 

are better accomplished with nutritional therapies with fewer side effects. Nutritional support when 

combined with assessment and optimization of biomechanics, strength, and balance can offer both 

immediate and long-term improvements in function and in pain relief of OA. It may also offer a 

slowing or stopping of joint surface loss.
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34 Fibromyalgia and Chronic 
Fatigue Syndrome

Jacob Teitelbaum, M.D.

I. INTRODUCTION

Fibromyalgia (FMS) and chronic fatigue syndrome (CFS) are two common names for an over-

lapping spectrum of disabling syndromes. It is estimated that FMS alone affects 6 to 12 million 

Americans, causing more disability than rheumatoid arthritis.1 The prevalence of CFS/FMS is 

rapidly increasing, likely having increased by 200% to 400% in the last 10 years alone,2–5 refl ecting 

the stress placed on our systems as our diets worsen and chemical exposures in the environment 

increase. Fortunately, although we still have much to learn, effective treatment is now available for 

the large majority of these patients.6,7

II. PATHOPHYSIOLOGY

CFS/FMS represents a syndrome, a spectrum of processes with a common end point. Because the 

syndromes affect major control systems in the body, there are myriad symptoms that initially do not 

seem to be related. Recent research has implicated mitochondrial and hypothalamic dysfunction as 

common denominators in these syndromes.8–11 Dysfunction of hormonal, sleep, and autonomic con-

trol (all centered in the hypothalamus) and energy production centers can explain the large number 

of symptoms and why most patients have a similar set of complaints.

Research in genetic mitochondrial diseases shows not simply myopathic changes, but also marked 

hypothalamic disruption. As the hypothalamus controls sleep, the hormonal and autonomic sys-

tems, and temperature regulation, it has higher energy needs for its size than other areas of our body. 

Because of this, as energy stores are depleted, hypothalamic dysfunction occurs early on, resulting 

in the disordered sleep, autonomic dysfunction, low body temperatures, and hormonal dysfunctions 

commonly seen in these syndromes. In addition, inadequate energy stores in a muscle results in 

muscle shortening and pain, which is further accentuated by the loss of deep sleep. Reductions in 

stages 3–4 of deep sleep result in secondary drops in growth hormone and tissue repair. Disrupted 

sleep then contributes to pain and immune dysfunction.

Anything that results in inadequate energy production or energy needs greater than the body’s 

production ability can trigger hypothalamic dysfunction. This includes nutritional defi ciencies, 

infections, disrupted sleep, pregnancy, hormonal defi ciencies, and other physical or situational 

stresses. Although still controversial, a large body of research also strongly suggests mitochondrial 

dysfunction as a unifying theory in CFS/FMS.11 Some viral infections have been shown to sup-

press both mitochondrial and hypothalamic function. As noted, in several genetic mitochondrial 

diseases, severe hypothalamic dysfunction is seen. This is likely because the hypothalamus has high 

energy needs.
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III. DIAGNOSIS AND PATIENT EVALUATION

The Centers for Disease Control and Prevention designed diagnostic criteria for CFS, and the American 

College of Rheumatology has created them for FMS. An important clinical feature is the paradox of 

severe fatigue combined with insomnia (if one is exhausted, sleep should occur all night). If these symp-

toms do not go away with vacation, the patient likely will have a CFS-related process. If the patient also 

has widespread pain, FMS is probably present as well. CFS and FMS respond well to proper treatment 

as discussed below regardless of whether or not the patient meets the exact diagnostic criteria.

These are complex patients who usually have dozens of symptoms and need a thorough history 

to determine the underlying processes that need to be treated. Using questionnaires that the patient 

can fi ll out at home facilitates the patient history.

Evaluation should also include identifying comorbid conditions. Because energy depletion causes 

widespread problems throughout the body, and many problems cause energy depletion, there are 

numerous comorbid conditions, many of which resolve with treatment. Table 34.1 presents common 

associated problems, which often have nutrient-related strategies to ameliorate them.

IV. TREATMENT OVERVIEW

Restoring adequate energy production through nutritional, hormonal, and sleep support and elimi-

nating the stresses that over-utilize energy restores function in the hypothalamic “circuit breaker” 

and also allows muscles to release, thus allowing pain to resolve. Our pilot and placebo-controlled 

study showed that when this is done, 91% of patients improve, with an average 90% improvement 

in quality of life, and the majority of patients no longer qualifi ed as having FMS by the end of 

3 months (p < .0001 vs. placebo).6,7

TABLE 34.1
Comorbid Conditions Associated With FMS and CFS
Spastic colon/irritable bowel syndrome Treat bowel infections and restore mucosal integrity of bowels.

Migraines Acute migraines are responsive to IV magnesium.12–14 This will eliminate 

most attacks within 15 minutes, but gets little attention because the 

medication costs ∼5 cents/dose. Vitamin B2 (ribofl avin) 100–400 mg/day 

will decrease the frequency of migraine headaches by ∼67% in placebo 

controlled studies.15, 16 Eliminating food allergies is also very helpful.

Myofascial pain syndrome Pain caused by muscle shortening shares many of the same underlying 

causes as FMS and responds excellently to the treatments discussed. 

Chronic sinusitis This usually resolves with antifungal therapies, especially Difl ucan 

200 mg/d × 6 weeks. Candida overgrowth triggers an immune reaction 

in nasal tissues, causing swelling, obstruction, and secondary bacterial 

infections. Antibiotics increase yeast overgrowth, resulting in the 

sinusitis becoming chronic. 

Pelvic pain syndromes, vulvodynia, 

proctalgia fugax, and prostadynia

Treatment—treating the candida, and the overall process with the 

S.H.I.N.E protocol can help, as can the medications Elavil 10–25 mg 

plus Neurontin at bedtime.

Food reactivities These often resolve with eliminating yeast and other bowel infections 

and giving adrenal support.

Restless leg syndrome (RLS) Commonly triggered by iron defi ciency, as iron is critical for dopamine 

production and RLS is triggered by dopamine defi ciency. Keep ferritin 

levels >50 ng/mL and iron percent saturation >22% in these patients.

Obstructive sleep apnea and upper airway 

resistance syndrome

Weight loss (for apnea) and concurrent continuous positive airway 

pressure. 
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Let’s discuss the protocol, which includes treating Sleep, Hormonal dysfunction, Infections, opti-

mizing Nutritional support, and Exercise as able—referred to as the S.H.I.N.E. protocol.

DISORDERED SLEEP

For patients to get well, it is critical that they take enough of the correct sleep treatments to get 8 to 

9 hours sleep at night! When one recognizes that CFS/FMS is a hypothalamic sleep disorder—not 

poor sleep hygiene—this approach makes sense. Helpful medications include Ambien, Desyrel, 

Klonopin, and, if they don’t have restless leg syndrome, Flexeril and/or Elavil.

Look for and treat restless leg syndrome, sleep apnea, and upper airway resistance syndrome if 

clinically suspected.

HORMONAL DEFICIENCIES

The hypothalamus is the main control center for most of the glands in our body, through the hypo-

thalamic-pituitary axis. When the hypothalamus is not able to effi ciently regulate hormone balance, 

medical management can do so until hypothalamic function is restored. When focusing on achiev-

ing hormonal balance, the standard laboratory testing is not reliable for many reasons. For example, 

increased hormone binding to carrier proteins is often present in CFS/FMS. Because of this, total 

hormone levels are often normal while the active hormone levels are low. This creates a functional 

defi ciency in the patient. Also, most blood tests use two standard deviations to defi ne blood test 

norms. By defi nition, only the lowest or highest 2.5% of the population is in the abnormal (treat-

ment) range. This does not work well if over 2.5 % of the population has a problem. For example, 

it is estimated that as many as 20% of women over 60 have positive anti-TPO antibodies and may 

be hypothyroid. Other tests use late signs of defi ciency such as anemia for iron or B12 levels to 

defi ne an abnormal lab value. The goal in CFS/FMS management is to restore optimal function 

while keeping labs in the normal range for safety.

 1. Thyroid

  Almost all of these patients require support with natural prescription Armour Thyroid. In 

addition, correcting iodine defi ciency, which is increasing because there is less added to wheat 

than in the past, and selenium defi ciency (as selenium is critical for conversion of inactive T4 

to active T3) is also important. Making sure the patient does not have excessive amounts of 

soy in the diet (e.g., vegans who use it as a meat/milk substitute) is also important as this can 

result in decreased thyroid hormone function.

 2. Adrenal

  Adrenal support is also important in many of these patients. Bioidentical ultra-low-dose corti-

sol (Cortef by prescription) can be very safe and helpful. Natural support is also helpful. The 

needed natural therapies include:

Adrenal glandulars, which contain most of the “building blocks” needed for adrenal repair.• 

Licorice extract, which contains glycyrrhizin, a compound that raises adrenal hormone • 

levels. 

Pantothenic acid, vitamin C, vitamin B6, betaine and tyrosine are critical for adrenal • 

function and energy, and high doses are often needed.

 3. Sex hormones

Bioidentical estriol, estradiol, progesterone, and testosterone are also helpful in many cases.

UNUSUAL INFECTIONS

Many studies have shown immune system dysfunction in FMS/CFS. The immune dysfunction can 

result in many unusual infections. These include viral infections (e.g., HHV-6, CMV, and EBV), 
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parasites and other bowel infections, infections sensitive to long-term treatment with the antibiotics 

Cipro and Doxycycline (e.g., mycoplasma, chlamydia, Lyme’s, etc.) and fungal infections. Although 

the latter is controversial, both our study and extensive clinical experience have found treating 

with an antifungal to be very helpful with the symptoms seen in these syndromes. Avoiding sweets 

(stevia is okay) and taking acidophilus pearls (healthy milk bacteria, two pearls twice a day for 

5 months) can be very helpful. It is also very helpful to add Difl ucan, a prescription antifungal, at 

a dose of 200 mg/day for 6 weeks. A new antiviral (Valcyte) has also been extremely benefi cial in 

those whose testing suggests HHV-6 or CMV viral infections.

NUTRITION AND DIET

Nutrition and diet are discussed below.

EXERCISE AS TOLERATED

Instruct patients to not push to the point of crashing the next day. Start by walking as long as they 

comfortably can, even if that is only 2 minutes. After 10 weeks on treatment, they can increase their 

walks by up to 1 minute more each day as able. When they are up to an hour of walking, they can 

increase intensity.

V. DIET AND FOOD-BASED TREATMENT APPROACHES

I recommend that patients eat those things that leave them feeling the best. I caution them that what 

makes them feel best can be and often is different from what they crave.

The majority of CFS patients fi nd that they do best with a high-protein, low-carbohydrate diet. 

The most critical advice is that the patient should avoid sugar, excessive caffeine, and excess alco-

hol. Warn the patient that there may be a 7- to 10-day withdrawal period when coming off sugar and 

caffeine. When I tell them to avoid sugar, I do add “Except for chocolate.” Dark chocolate contains 

little sugar and is high in antioxidants and mood-elevating compounds. It has actually been shown 

in a randomized controlled study that 45 g/day of an 85% cocoa dark chocolate helped improve 

symptoms in CFS.17 In addition, when eliminating something pleasurable, always add in a healthy 

substitute. Stevia is a sweetener substitute as is ribose, discussed later in this chapter. Ribose is heat 

stable, and can be added to hot liquids and used in cooking.

If the patient has low blood pressure and/or orthostatic dizziness, increasing salt intake markedly 

should also be considered. Sea salt is preferable. Because of the low antidiuretic hormone produc-

tion, these patients are often dehydrated despite drinking far more than most people. Do not have 

the patient counting glasses of water all day. Rather, have them keep a bottle or glass of water on 

hand and avoid dry mouth and lips.

VI. NUTRIENT-BASED TREATMENT

CFS/FMS patients are often nutritionally defi cient because of malabsorption, increased physiologic 

demand, and inadequate diet. Multiple nutrients are critical. B-vitamins, ribose, magnesium, iron, 

coenzyme Q10, malic acid, and carnitine are essential for mitochondrial function. These nutrients are 

also critical for many other processes. Although blood testing is not reliable or necessary for most nutri-

ents, I do recommend checking B12, iron (Fe), total iron binding capacity (TIBC), and ferritin levels.

I begin patients with CFS/FMS on the following nutritional regimen.

MULTIVITAMIN OF HIGH QUALITY

A multivitamin should contain at least a 50 mg B complex, 150 mg of magnesium glycinate, 900 mg 

of malic acid, 600 IU of vitamin D, 500 mg of vitamin C, zinc 15 to 20 mg, selenium 200 μg, 
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chromium 200 μg, and amino acids. A powdered vitamin is generally better tolerated, better 

absorbed, and less expensive. A powdered vitamin can be a good-tasting drink that can replace 

what might otherwise be dozens of tablets. A multivitamin should be taken long term.

IRON

If the iron percent saturation is under 22% or the ferritin is under 40 mg/mL, supplement with 

iron. I recommend Chromagen FA, one every other day for 4 to 8 months. It should be taken 

on an empty stomach, since food decreases iron absorption by over 60%. It should not be taken 

within 6 hours of thyroid hormone, since iron blocks thyroid absorption. As daily iron can cause 

decreased absorption, taking it 3 weeks each month or every other day is preferable to daily dos-

ing. Continue treatment until the iron percent saturation is over 22% and ferritin is over 50 mg/mL or 

over 100 mg/mL if the patient has had hair loss with illness. If ferritin levels are elevated initially, 

rule out hemochromatosis, which can also cause FMS.

VITAMIN B12

If the B12 level is under 540 pg/mL, I recommend B12 injections, 3000 μg IM three times a week 

for 15 weeks, then as needed based on the patient’s clinical response. Although controversial, this 

treatment is both very helpful and very safe. Studies on CFS are showing absent or near-absent CSF 

B12 levels despite normal serum B12 levels.18 Metabolic evidence of B12 defi ciency is seen even at 

levels of 540 pg/mL or more.19 Severe neuropsychiatric changes are also seen from B12 defi ciency 

even at levels of 300 pg/mL (a level over 209 is technically normal).20 As an editorial in The New 
England Journal of Medicine suggests, the old-time doctors may have been right about giving B12 

shots.21 Compounding pharmacies can make B12 at 3000 μg/cc concentrations. I use hydroxyco-

balmin, although methylcobalmin may be more effective, though also more expensive. Use multivi-

tamins that contain at least 500 μg of B12 daily for ongoing use.

COENZYME Q10

Coenzyme Q10 is a conditionally essential nutrient that improves energy production in patients with 

CFS/FMS. A daily supplemental dose of 200 mg is especially critical in patients on Mevacor-family 

cholesterol treatments,22 which can actually cause FMS pain. Quality control is especially impor-

tant with this nutrient.23

ACETYL-L-CARNITINE

Carnitine plays many roles in the body. It has the critical function of preventing the mitochondria 

from being shut down when the system backs up. It does this by keeping a substance called acetyl 

coenzyme A from building up and shutting down the tricyclic acid cycle and the electron transport 

system, the cell’s effective energy burning systems. Also, without suffi cient carnitine, the body can-

not burn fat and often makes excess fat, potentially resulting in large weight gains.

Acetyl-l-carnitine at 500 mg twice daily for 4 months is strongly recommended to help restore 

energy function. Muscle biopsies show CFS patients’ intracellular levels to routinely be low.24,25 

I recommend the acetyl form of carnitine, as it is clinically more effective, and has stronger antioxi-

dant activity than L-carnitine.26

D-RIBOSE

D-ribose should be administered 5 gm three time a day for 3 weeks, then twice a day. D-ribose 

alone increased energy an average of 45% in FMS and CFS patients after 3 weeks.27 It also 

decreased pain.
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A seldom-seen side effect is a mild drop in blood sugar as ribose gets energy production moving. 

If the patient feels dizzy or hungry upon taking ribose, have him take it with a meal or lower the 

dose. The only signifi cant side effects in our studies were that two people felt too energized and anx-

ious on the ribose. The side effect resolved by lowering the dose and/or taking ribose with food.

Since CFS/FMS represents an energy crisis, it is critical that the patients have what is needed 

for optimal mitochondrial function. In some patients ribose availability may be a rate-limiting step 

in energy production. Adenosine triphosphate (ATP), nicotinamide adenine dinucleotide (NADH), 

and the reduced form of fl avin adenine dinucleotide (FADH) represent the energy currency of the 

body, and are like the paper that money is printed on. A person can have all the fuel they want, but 

if it cannot be converted to these molecules, it is useless. In particular, ATP is important because 

the amount of ATP people have in their tissues determines whether they will be fatigued or have the 

energy needed to live vital, active lives.

D-ribose is a simple, 5-carbon (pentose) sugar, generally preserved for ATP synthesis and the 

production of DNA and RNA. CFS/FMS causes the body to dump key energy molecules such as 

acetyl-l-carnitine and ribose. Our study included 41 patients with a diagnosis of CFS or FMS and 

was intended to determine whether or not ribose would be effective in relieving the overwhelm-

ing fatigue, pain, soreness, and stiffness suffered by patients having these debilitating conditions. 

During the study, patients were given ribose at a dose of 5 g three times per day for 3 weeks.

We found the ribose treatment led to signifi cant improvement in energy levels, sleep patterns, 

mental clarity, pain intensity, and overall well-being. Of the patients participating in the study, 

65.7% experienced signifi cant improvement while on ribose (improvement began at 12 days), with 

an average increase in energy of 44.7% and overall well-being of 30%, remarkable results from a 

single nutrient.27

One important study involved healthy athletes participating in high-intensity, endurance exercise 

over the course of 1 week. After exercise, the energy level in the athlete’s muscle was reduced by 

almost 30%. Giving 10 g of ribose per day for 3 days following exercise restored muscle energy 

levels to normal in contrast to the control group.28 After 3 days of rest, muscle that was not treated 

with ribose remained energy starved and fatigued.

Two very interesting animal studies conducted by Ron Terjung, M.D., showed how dramatic the 

effect of ribose could be on energy recovery in fatigued muscle. Ribose administration in fatigued 

muscle increased the rate of energy recovery by 340% to 430%, depending on which type of muscle 

was tested.29 It was also found that even very small amounts of ribose had the effect of helping 

the muscle cell preserve energy, a process known as energy salvage, and the higher the ribose dose, 

the more dramatic the effect on energy preservation.30

A compelling case study of a veterinarian diagnosed with FMS was published in Pharmacotherapy 

in 2004.31 This case study told the story of a veterinary surgeon diagnosed with FMS whose condi-

tion resolved with supplemental ribose, relapsed without the ribose, and was again fully recovered 

when the ribose was resumed.

Another line of evidence supporting the use of ribose in fatigue of muscles is the responsive-

ness to ribose demonstrated in patients with congestive heart failure, fatigued cardiac muscle. (See 

Chapter 6, “Congestive Heart Failure and Cardiomyopathy.”) Dr. Paul Cheney’s research has dem-

onstrated an association between heart muscle dysfunction and CFS.

VII. SUMMARY

CFS and FMS refl ect an energy crisis in the body. It is similar to blowing a fuse in a house. There 

can be many causes, it protects the body from further harm, but it dramatically reduces function. 

Causes include nutritional defi ciencies, infections, disrupted sleep, pregnancy, hormonal defi cien-

cies, toxins, and other physical or situational stresses. The “blown fuse” is the hypothalamus short 

circuit resulting in poor sleep, and hormonal, autonomic, and temperature dysregulation. Energy 

depletion also causes muscle shortening and widespread pain.
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Two studies including our RCT showed an average 90% improvement rate in CFS/FMS when 

using the S.H.I.N.E. protocol: Sleep, Hormonal support, Infections, Nutritional support, and Exercise 

as able.

Widespread nutritional defi ciencies are common, and no single tablet will take care of them all. 

I recommend the following:

 1. The Energy Revitalization System* powder contains over 50 key nutrients, replacing over 

35 tablets of supplements daily with one drink and should be used long term.

 2. Ribose (Corvalen) 5 gm three times a day for 3 weeks, then twice a day. D-ribose alone can 

increase energy an average of 45% in these patients. It also can help decrease the pain.

 3. Coenzyme Q10 at 200 mg/day.

 4. Acetyl-l-carnitine 1000 mg daily for approximately 4 months.

 5. Drinking a lot of water and avoiding sugar (except for chocolate) is important as well.

 6. Increasing salt intake if low blood pressure and orthostatic dizziness are issues.

 7. A high-protein, low-carbohydrate diet usually works best, but patients should eat what 

leaves them feeling the best.

 8. Keep ferritin levels over 40 ng/mL and keep vitamin B12 levels over 540 pg/mL.

These are complex patients who usually have dozens of symptoms and need a thorough history 

to determine the underlying processes that need to be treated. This is best done by using question-

naires that the patient can fi ll out at home.** I thank you for caring enough to help these patients.
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35 Orthopedic Surgery

Nutrients to Optimize 
Outcomes

Frederick T. Sutter, M.D., M.B.A.

I. INTRODUCTION

This chapter provides the primary care physician with specifi c strategies to support patients who 

have chosen to proceed with elective or nonemergent orthopedic surgery. This would include 

patients undergoing arthroscopy, spinal surgery, or total joint arthroplasty, among others. Elective 

orthopedic procedures allow for a more generous preoperative interval to prepare a willing patient 

to achieve the best result possible. The following offers a concise combination of current science and 

clinical experience outlining how busy physicians can effectively guide patients to improved out-

comes with the use of nutrients, even if there are no overt risk factors for negative outcomes. With 

this facilitation, the patient and the surgeon can then team up to achieve optimal results.

II. EPIDEMIOLOGY

The current scientifi c literature has made increasingly clear the interrelationship of nutrient intake 

and general health status. Physicians have had little training or continuing education about the use 

of nutrient therapies and the identifi cation and treatment of sarcopenia and obesity. They get ques-

tions almost daily about the use of dietary supplements and must routinely advise their patients to 

lose weight and exercise more. This combination of patient interest and an impending procedure 

creates a superb opportunity for the treating physician to spark meaningful patient cooperation in a 

preoperative program.

The prevalence of obesity has more than doubled in the last 30 years, with an increase in total 

calories consumed primarily in the form of carbohydrates and a slight decrease in the amount of 

protein calories.1 Obesity has increased the incidence of arthritic conditions requiring orthopedic 

procedures in younger adults, with greater complication rates of wound infection, deep venous 

thrombosis, cardiac events, and anesthesia risks.2–5 Sarcopenic obesity increases these risks.6

III. PATHOPHYSIOLOGY

The perioperative period creates many risks for the patient. Even anticipation of the procedure 

increases stress, can interfere with sleep, and can prompt misguided attempts to lose weight. 

Mobility restriction frequently promotes chronic deconditioning and loss of appetite with secondary 

loss of lean body mass. A homebound patient generally has limited sun exposure with an associated 
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decline in vitamin D status. Restricting calories decreases lean body mass and creates additional 

risk in the form of sarcopenia, which is associated with unfavorable outcomes.7 Joint disease and 

subsequent surgery increases demand on the contralateral limb, thereby increasing risk of additional 

surgery.8 The restriction of nutrients during the NPO period prior to surgery initiates catabolism of 

lean tissue and dehydration. Rapid elimination of caffeine can induce severe withdrawal headaches, 

complicating postoperative care and pain management. Eliminating anti-infl ammatory medications 

and supplements to avoid bleeding and anesthesia complications can increase pain, immobility, and 

the need for additional narcotic analgesics.

After surgery, postanesthesia nausea and vomiting and immobilization can advance catabolic 

wasting and limit nutrient intake. Wound healing and blood loss increase demand for many nutri-

ents in excess of normal dietary intake. The physiology of orthopedic surgical wound healing is 

not unlike that of general surgery, with emphasis on bone metabolism, the impact of immobility, 

and loss of muscle mass and function. In this setting, for most elderly and sarcopenic surgical 

patients, consuming a “regular diet” is very unlikely to meet the metabolic demands for optimal 

healing.

IV. PHARMACOLOGY

The use of NSAIDs, COX-2 inhibitors, DMARDs, and biological response modifi ers in the peri-

operative period needs some consideration given their impact on how infl ammation contributes 

to the wound healing process. Potential complications include wound dehiscence, infection, 

and impaired collagen synthesis. There is no current consensus on the optimum time for with-

holding drug therapy prior to surgery other than that regarding antiplatelet effects.9 Prudent 

limitation of NSAIDs in patients with proven stress fractures has been recommended in a more 

recent article.10 For many of these medications, there are no human studies and some only have 

animal studies. The practitioner will need to consider disease severity, risk of exacerbation, and 

other risk factors in the context of the drug pharmacokinetics prior to making recommenda-

tions for cessation of therapy. In some cases, this would require a period of 4 weeks. Treatment 

options for exacerbation of disease can combine alternative therapies for pain management that 

might include prescription analgesics and medical food products, supportive nutrients, specifi c 

diets for weight loss11 and dysinfl ammation, acupuncture, and physical therapy, among other 

integrative approaches. Using a baseline symptom questionnaire can be very useful in the com-

plex patient to monitor response to changes in therapy (e.g., MOS SF-36). Rakel’s Integrative 
Medicine is an excellent reference source, with handheld software for managing patients in this 

setting.12

The orthopedic patient with months of chronic pain has challenges with sleeping. Frequently, 

the patient has a myofascial pain disorder, in which several studies have found signifi cantly 

reduced sleep quality. Even without chronic pain, normal individuals who are sleep deprived or 

have disrupted sleep for a period of time will experience a lowered pain threshold and an increase 

in musculoskeletal discomfort and fatigue.13 The majority of addictive, prescription sleep medi-

cations actually decrease time spent in the deep stages 3 and 4, except for clonazepam and 

alprazolam.

V. PATIENT EVALUATION

PHYSICAL EXAM

The defi nition and signifi cance of sarcopenia have been reviewed by Kohlstadt.6 In general, sar-

copenia can be defi ned as the age- or disuse-related loss of muscle and fat-free body mass, reducing 

muscle metabolism, strength, and mobility in older adults. Skeletal muscle mass is quantifi ed as 
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being less than or equal to two standard deviations (SD) below the mean. Incidence in otherwise 

healthy individuals over the age of 60 years varies in reports from 8% to 25% and increases dra-

matically in the very old, with a large increase over 80 years of 43% to 60%. Associated risk factors 

for sarcopenia are cigarette smoking, chronic illnesses, underweight, physical inactivity, and poorer 

sense of psychosocial well-being.14,15

Waist and hip circumference used alone or in combination with BMI is an anthropometric indi-

cator of health risk and is easily performed. The combination of both is a very sensitive metric to 

predict health risk. The National Institutes of Health16 suggest abdominal obesity as a signifi cant 

risk factor can be identifi ed with waist circumference (measured at the umbilicus) in men ≥ 102 cm 

(40 inches) and in women ≥ 88 cm (35 inches). These individuals would be identifi ed as having 

“high” abdominal fat, and therefore a “very high” health risk. The waist-to-hip ratio (WHR) is cal-

culated by measuring the unclothed waist at the narrowest point between ribs and hips after exhal-

ing when viewed from the front. The hip measurement is performed over light clothing at the level 

of the widest diameter around the buttocks. It is the preferred clinical measure of central obesity for 

predicting mortality, even in those regarded as very lean (BMI <20), normal, and overweight (BMI 

>25). Risk starts to rise signifi cantly for cardiovascular mortality when the WHR goes beyond 0.8 

for women and 0.9 for men.17,18

Clinical identifi cation of sarcopenic obesity is more challenging. Features more suggestive 

of poor fat-free mass (FFM) in obese individuals can be appreciated as pendulous adiposity 

in the arms, abdomen, and even the thighs and legs. Gentle palpation over the triceps area, as 

if performing a fat skin-fold measurement and observing the remaining muscle, can also be 

revealing. This presentation would be opposed to the more stout or “solid” individual with 

considerable muscle mass, despite being identifi ed as obese with a BMI in the Class I range of 

30 to 34.9.

Individuals without sarcopenia have higher intakes of protein and antioxidant micronutri-

ents than healthy individuals with sarcopenia.19 Despite good nutrition, one would think that 

the anabolic response to increased protein intake would be impaired in the elderly; however, 

recent research has shown evidence to the contrary.20 This supports bench research on age-related 

sarcopenia and fatigability in rats that demonstrated the presence of enhanced reactive oxygen 

species (ROS), or free radical production, apoptotic susceptibility, and reduced mitochondrial 

biogenesis.21 Therefore, consuming an antioxidant-rich diet or taking supplemental antioxidants 

may protect the individual who is exercising and consuming adequate protein from progression 

of sarcopenia.

Sarcopenic obesity in the frail elderly presents a great challenge. Simple interventions with nutri-

tion, exercise, and weight loss have been demonstrated in recent literature to ameliorate these risk 

factors over longer periods of time, such as 6 months. However, these results are likely to require a 

team approach for consistent success.22,23

RISK AND NUTRITION-SPECIFIC PREOPERATIVE LABORATORY EVALUATION

With the usual preoperative lab studies, several additional laboratory studies can be very useful in 

assessing potential nutritional defi ciencies or surgical risks (see Table 35.1). Supplementing a low 

normal nutrient value prepares the patient for the catabolic stress of healing. Scientifi c literature has 

described “metabolic therapy” as that which involves the administration of a substance normally 

found in the body to enhance a metabolic reaction. This can be achieved in two ways: one, by giving 

a substance to achieve greater than normal levels in the body to drive a biochemical reaction in the 

desired direction; two, by using a substance to correct relative or absolute defi ciency of a cellular 

component. This concept is useful in the context of prescribing nutrients to promote orthopedic 

surgery outcomes.
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TABLE 35.1
Nutrition-Specifi c Preoperative Laboratory Assessment

Lab Optimal range Indicator Note References

Albumin 3.9 g/dL or greater ↑ length of stay (LOS) and 

complication rates when 

low, associated with low 

muscle mass in limbs

↑ dietary intake 0.8–1.4 g 

protein/kg body wt/day; best 

at midday meal

26

High Sensitivity 

CRP

<3 mg/L If >3 mg/L, associated with 

↑ complication and LOS 

for orthopedic pts

Treat with anti-infl ammatory 

diet; see Table 35.2

27

DEXA BMD <1SD above 

young adult mean

Instrumented procedures for 

↑ risk osteoporosis pts

Vitamin D, minerals

DHEA-Sulfate Women 150–180  

μg/dL, men 350–  

400 μg/dL

Sarcopenia, precursor of 

testosterone

Monitor DHEA-S levels 

monthly with treatment

28

Folate >5.4 ng/mL Lowers Hcy See Table 35.3

Iron, Ferritin Support if low Supports blood element 

formation

See Table 35.3 29

Homocysteine 

(Hcy)

4–8 μM/L ↑ levels associated with ↑ 

risk of stroke, CAD, DVT, 

osteoporosis

↑ risk 9–17 μM/L ↑↑ risk >17 

μM/L; see Table 35.2

30–33

Magnesium High normal Bone healing, ↓ in obesity, 

chronic pain 

Rx depletion in combination 

with low intake in typical diet 

34

Vitamin B6 >50 nmol/L ↑ DVT <23 nmol/L See Table 35.3 35

Vitamin B12 >500 pg/mL 10% to 15% over 60 years 

are defi cient

IM injection typically not 

covered by insurances; pts 

usually willing to pay minor 

cost

34

Vitamin D 

(25-OH D3)

50–70 ng/dL Bone healing, ↓ in obesity, 

chronic pain 

See Table 35.3 36

High-sensitivity C-reactive protein has been associated with higher complications and greater 

length of stay for orthopedic patients. To address this, removing sugar, consuming low arachidonic 

acid food groups, targeting protein intake, and taking antioxidants are best (see Table 35.2). Patients 

with low albumin were twice as likely to require prolonged hospitalization (>15 days) for elective total 

hip replacement, compared with those in whom the albumin level was 3.9 g/dl or greater.24 Following 

transferrin and albumin levels perioperatively has also been used to predict delayed wound healing 

after total hip arthroplasty.24 

Homocysteine (Hcy) is a cholesterol-independent risk factor for stroke, heart, bone, and throm-

boembolic disease.25 Homocysteinemia is less common since fortifi cation of grain products with 

folic acid began in 1998. B vitamins can safely lower elevation of Hcy. High Hcy levels have 

been associated with higher bone turnover, poor physical performance, and lower bone mineral 

density.

Bone health can be assessed by DEXA screening or follow-up study. More specifi c information 

can be obtained about lean body mass, or appendicular muscle mass with DEXA scanning that can 

assist in the determination of sarcopenia; however, this type of assessment is primarily being used 

at research institutions.
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TABLE 35.2A
Dietary Guidelines for the Management of Infl ammation

Food Category Serving Size Svg/day Cal/Svg Choices*

Concentrated Protein 3.5 oz (after 

cooking)

Aim to consume 

no more than 60 

mg arachidonic 

acid (AA) daily. 

150 Poultry (remove all skin): turkey 

breast and chicken. Lean meats: 

sliced boiled ham, pork tenderloin, 

beef fl ank steak, ground beef 

(5% fat). Fish (avoid farmed fi sh). 

(Table 35.2B) Dairy: cottage 

cheese: 1%, 3/4 cup; ricotta: 

reduced fat, 1/2 cup. Tofu 

products: tofu, 1 cup; tempeh, 

1/2 cup; soy burger, 4 oz.

Vegetables 1/2 cup 5 to 7 10 to 25 All vegetables are allowed except 

white potato, turnip, parsnip, 

rutabaga, and corn. Fresh 

vegetable juice or green 

beverages are allowed. 

Fruits Approximately 1 

medium

3 to 4 80 All whole fruits except banana, 

pineapple, and papaya. Fruit juice 

not recommended.

Dairy 6 oz. 1–2 (if tolerated) 80 to 100 Plain yogurt (low fat or nonfat), 

milk (nonfat, 1%, 2%), buttermilk, 

milk substitutes (soy, rice, nut). 

Legumes 1/2 to 1 cup 1 to 2 100 to 

200

All peas and beans, hummus, bean 

soups.

Grains 1/2 cup 1 to 3 75 to 100 Whole grains such as 100% whole 

wheat bread and pasta, brown 

rice, whole oats, rye crackers, and 

pearled barley with at least 3 

grams or more of fi ber per 

serving.

Nuts/Seeds 1 small handful 1 serving per day 150 to 

200

All nuts except cashews and 

macadamias, 1–2 tbsp of nut 

butter.

Oils 1 tsp 4 to 6 40 Olive and canola oils for cooking, 

fl ax seed (refrigerate) and walnut 

oils for salads, mayonnaise from 

canola oil (no egg or sugar 

added), avocado (1/8 of whole), 

green or black olives (8–10).

Beverages Unlimited Water intake 

recommended at 

1/2 body weight 

in ounces.

0 Water, herbal tea, decaffeinated 

coffee or tea, mineral water, club 

soda, or seltzer, plain or fl avored 

(no added artifi cial sweeteners).

Condiments Unlimited, except 

salt

As desired 0 Cinnamon, carob, mustard, 

horseradish, vinegar, lemon, lime, 

fl avored extracts, herbs/spices, 

stevia. No refi ned sugars or 

artifi cial sweeteners are allowed. 

*These items should be avoided in patients with food reactivities.
continued
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VI. TREATMENT RECOMMENDATIONS

DIET

Adequate caloric intake is essential, especially in the form of protein. It is a key macronutrient in 

wound healing and managing complications related to sarcopenia, along with exercise.38 Instruct 

the patient to target at least the RDA of 0.8 g/kg body wt of protein intake, provided there is no 

concomitant liver or renal disease, or a history of gout. Protein sources in the form of seafood and 

organ meats can be high in purines, usually restricted in gout. However, consumption of these in 

the presence of caffeinated or alcoholic beverages (especially beer) is more likely to precipitate a 

gouty attack at the RDA level for protein.39 Higher dietary intakes (up to 1.6 g protein/kg/day) may 

enhance response to resistance exercise in the elderly.40,41 Protein intake will be metabolized best if 

consumed with the midday meal or in the form of an afternoon protein shake. Advise the patient to 

continue targeted protein intake as close to NPO status as possible.

General dietary guidelines to redirect the infl ammatory cascade focus on fat content, arachidonic 

acid, refi ned carbohydrates, and simple sugars. Arachidonic acid is the physiologic precursor of pro-

infl ammatory eicosanoids such as prostaglandins and leukotrienes. These molecules can then go on 

to produce superoxide, which can play a role in a feed-forward, or propagated lipid peroxidation chain 

reaction, increasing antioxidant demand for the body. Many times, appreciable results occur within 10 

days, although the fi rst 5 to 7 days are more challenging if considerable sugar consumption has been 

TABLE 35.2B (continued)
Arachidonic Acid Calculator

Concentrated 
Protein Food

Arachidonic Acid Content

Meat and Poultry: (mg/3.5 oz)

Ham, sliced boiled 0

Pork tenderloin 30

Turkey breast, roast 40

Beef, fl ank steak 40

Ground beef, 5% fat 50

Chicken breast 60

Fish:
Mahi mahi 0

Pacifi c mackerel 10

Pink salmon 10

Pacifi c cod 20

Sockeye salmon 30

Atlantic cod 30

Haddock 30

Snapper 40

Yellowfi n tuna 40

  White tuna, 

canned in water
50

Flounder 50

Atlantic mackerel 50

Grouper 60

Dairy negligible

Soy negligible

Source: Adapted from [37].
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habitual prior to initiating dietary changes. In this case, the initial period of withdrawal can be asso-

ciated with signifi cant cravings, diuresis, cramps, and irritability for the fi rst 2 to 4 days. Preparing 

the patient for this possibility is the most effective strategy for compliance and will help them pass 

through this period quickly and with greater ease.

If the patient is consuming large amounts of caffeinated beverages, these should be tapered 

over 2 weeks prior to surgery. This can be done with minimal withdrawal headaches by reducing 

consumption of one serving every 3 to 4 days and replacing that serving with an equal volume of 

clean water; for example, if consuming four caffeinated beverages daily, day one of a taper would 

be three servings plus one serving of water, and so on until the last serving, which is cut in half and 

then eliminated in 2 to 3 days. 

Table 35.2 outlines specifi c dietary recommendations to optimize nutrition in the perioperative period.

NUTRIENTS TO OPTIMIZE ORTHOPEDIC SURGICAL OUTCOMES

Over the last 2 decades, multiple studies and market surveys have shown an increase in the self-

directed use of supplemental nutrients, frequently unbeknownst to the individual’s physician. A 

national study on the reasons patients use supplemental nutrients (considered by the study to be 

alternative medicine) concluded patients are choosing supplemental nutrients not because they are 

dissatisfi ed with conventional medicine, but because these “alternatives” are more congruent with 

their own values, beliefs, and philosophical orientations toward health and life.42,43 Multiple publi-

cations have effectively addressed many of the risks associated with the use of supplements in the 

preoperative period, and various surgical societies have recommended eliminating all supplements 

for some defi ned period prior to surgery.

Two possible exceptions appear to be the withdrawal of the benefi cial effects of fi sh oils on the 

risk of venous thrombosis44 and the therapeutic use of ginger oil for the treatment of postoperative 

nausea and vomiting.45 Both of these nutrients have demonstrated clinical effi cacy and no proven 

impact on platelet aggregation. Clinical trials have shown high-dose omega-3 fatty acid consump-

tion to be safe, even when concurrently used with other agents that may increase bleeding, including 

aspirin and warfarin, and in fact have been used up until the day of aortocoronary bypass surgery 

(dosage 3 gm/day) and for 1 month after surgery with no bleeding complications.46

Ginger oil can be applied topically in children and with inhalations from the cupped palms over 

the nose and mouth in adults. Applied in this way, ginger oil can be 80% effective for high risk, 

postanesthesia nausea patients when used with multimodal intravenous medication therapy. Ginger 

has been used safely and effectively for years to treat motion sickness and nausea and vomiting of 

pregnancy. Nutrients listed in Table 35.3 can be used safely and effectively in conjunction with the 

surgical guidelines.

Discussion regarding the general classes of nutrients listed in Table 35.3 is worthwhile, as many 

of these applications pertain to the previously described “metabolic therapy” which uses nutri-

ent substances to achieve greater than normal levels in the body to drive a desired biochemical 

response, or to meet a conditionally specifi c nutrient demand. Research is moving beyond the notion 

of treating or preventing defi ciency disease states to study safe and economical nutrient applications 

in specifi c environments, to promote a desired, measurable result.

The simple recommendation of a high-quality multivitamin is the fi rst step in optimizing sur-

gical outcomes because it will enhance a broad spectrum of micronutrients with little effort. See 

Table 35.4 for guidelines in choosing quality supplemental nutrients.

AMINO ACIDS

Arginine and glutamine are “semi-essential” or conditionally indispensible amino acids during 

critical illness and severe trauma. Arginine is considered to be a direct nitric oxide (NO) precursor. 

It induces nitric oxide release, which inhibits smooth muscle contraction, increases blood fl ow, and 
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results in increased nutrient uptake and glucose utilization into muscle, particularly during exercise. 

Arginine stimulates collagen deposition in wound healing and dramatically increases strength in 

trained men compared with controls.79 A time-released product is available, which adds to conve-

nience for individuals that do not prefer powders. Use with caution and at lower starting doses if the 

individual is diabetic, on blood pressure medicine, or has a history of herpes simplex virus (HSV) 

infections. The precaution with HSV and arginine is because arginine shares transport proteins with 

lysine, and relative defi ciencies of lysine can be a trigger for an outbreak of cold sores. High arginine 

foods such as cashews, peanuts, chocolate, and coffee can also limit lysine availability enough to 

induce HSV symptoms.

N-acetylcysteine (NAC) has been studied with attention to ischemia/reperfusion of orthopedi-

cally operated limbs. It appears to lessen the need for postoperative analgesics, and can decrease 

hospital stay.80 Along other dietary amino acids such as glutamine and glycine, antioxidants such as 

vitamins C and E, selenium, phytonutrients, and lipoic acid, NAC provides cysteine as a substrate 

for the recycling of glutathione, which is frequently depleted in the presence of oxidative stress. 

Glutathione is recognized as the fi nal pathway for the reduction of oxidants produced by reactive 

oxygen species. L-Carnitine is important for vegetarians, or those with metabolic syndrome and 

has been shown to enhance cardiac performance and increase exercise tolerance in humans with 

ischemic heart and peripheral vascular disease.81–83

Creatine can be useful in the frail elderly as an adjunctive support to increase muscle strength 

and mass with an exercise program. It can be mixed with the patient’s favorite juice or nonalcoholic 

beverage and consumed 1 to 2 times per day. When taken along with caffeinated beverages, a stimu-

lating effect may be experienced, so it is best taken earlier in the day.

SAMe is a naturally occurring byproduct of the amino acid methionine. It is a methyl donor and 

inhibits synthesis of proinfl ammatory interleukens and TNF-alpha. It up-regulates proteoglycan 

synthesis and the proliferation rate of chondrocytes, promoting cartilage formation and repair in 

doses ranging from 400 to 1600 mg/day in divided doses. In a double-blind crossover study at 1200 

mg/day compared with celecoxib (200 mg), it had the same effi cacy and a lower incidence of side 

effects over a 2-month period. It can also elevate mood and help with anxiety. 

ANTIOXIDANTS

Recent research has demonstrated the role of ROS in aseptic loosening of hip prostheses.84 This 

alone suggests the rational use of antioxidants perioperatively. Coenzyme Q10 (CoQ10) has been 

safely prescribed for individuals with CHF and severe neurological conditions in doses of 400 to 

1200 mg. In times of severe oxidative stress, CoQ10 along with lipoic acid can be viewed as condi-

tionally essential nutrients, because the body cannot make enough of them. There has been one case 

TABLE 35.4
Better Quality Supplements 
The product demonstrates:
Chelated minerals

Independent lab testing

Fish oils: package states free of heavy metals, PCBs 

No artifi cial colors and limited fi llers, e.g., glycols, sucrose, etc.

Manufacturing guidelines:
cGMP (Current Good Manufacturing Practices)

NSF™ (NSF International, The Public Health and Safety Company™)

ISO 9000 or ISO 9001:2000 (International Organization for Standardization)
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report of reduced effectiveness of warfarin drugs with CoQ10 use. In over 15 years, this author has 

only twice seen increases in prothrombin after introducing CoQ10 in anticoagulated patients. More 

frequent testing is indicated when initiating CoQ10 therapy in this patient group. This coenzyme 

produces a favorable response in treating fatigue on a very consistent basis. For individuals taking 

statin prescription medications (as well as red yeast rice, the natural form of lovastatin), myopathy 

and the more common myalgias may be supported by the use of CoQ10.55,85

Alpha lipoic acid is a potent, multifunctional antioxidant that improves tissue glutathione levels, 

reduces lipid peroxides, increases insulin sensitivity, and helps regenerate vitamins C and E. It has 

been used effectively in Germany for over 30 years orally and intravenously for the treatment of 

diabetic polyneuropathy.86 It can be a useful adjunct for improving insulin sensitivity and surgical 

recovery involving neural structures, especially in patients with diabetes. Alpha lipoic acid was used 

in combination with CoQ10, magnesium, and omega-3 fatty acids preoperatively, up until the day of 

surgery and for 1 month thereafter, and was demonstrated to enhance several recovery parameters.46

MINERALS

Minerals in the form of inorganic mineral salts such as carbonates, oxides, phosphates, and sulfates 

compete with one another for absorption. When minerals are provided as inorganic salts they can 

also be blocked by the intake of natural fi ber found in cereals and fruits.87 While there are sev-

eral implications to absorption and alterations to absorption when patients are taking one mineral 

such as iron preoperatively, an important aspect is to supplement calcium and magnesium together. 

Generally a ratio of two parts calcium to one part magnesium is recommended. Apart from any pain 

medications that alter bowel motility, patients may fi nd calcium to be constipating and magnesium 

to have a laxative effect. Calcium citrate and magnesium citrate may be better absorbed in patients 

with hypochlorhydria and can also confer an alkalinizing effect. Microcrystalline hydroxyapatite is 

a blend of minerals found in bone.

Silicon can be helpful with bone healing and in addressing osteoporosis in men and premeno-

pausal women. It is best absorbed as orthosilicic acid and is available in multivitamin preparations, 

usually in the form of silicon dioxide or magnesium trisilicate at about 2 mg. It has been shown to 

stimulate collagen synthesis. Silica is often removed from food during processing.

Zinc carnosine is a preparation that has been helpful with relieving mild gastric upset, while sup-

porting zinc levels. Dosage is 75 mg bid and provides 32 mg of zinc.78

HORMONES

Melatonin in combination with L-tryptophan can be very effective in supporting patients with dis-

rupted sleep patterns.64 L-tryptophan has recently been cleared once again by the FDA for use 

after a decades-long ban related to contamination with an industrial chemical by one manufacturer, 

which resulted in hundreds of illnesses. 5-hydoxytryptophan is available and is a suitable substitute. 

There is a theoretical risk of serotonin syndrome with nausea, vomiting, and excessive drowsiness 

if either is given in conjunction with selective serotonin reuptake inhibitors, so it is recommended 

to avoid this combination until further studies have been completed.

Dehydroepiandrosterone (DHEA) therapy by supporting low DHEA-sulfate levels in the elderly 

can be helpful with sarcopenia. Limit use to 3 to 6 months while following serum levels. Occasional 

activation can occur, and the dosage may be adjusted downward with this side effect.

VITAMINS

B12 absorption is inadequate in approximately 15% population over 65 due to lack of gastric acid-

ity, decreased intrinsic factor, and in Helicobacter pylori infections.34 For individuals with low 

serum B12 levels and intramuscular dosing is not an option, doses of 5000 μg/day are available 
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in sublingual form of methylcobalamin for shorter term use. Low serum B6 is associated with an 

increased risk of DVT35,88 and is best supplemented in its activated form of pyridoxal-5’-phosphate. 

B5 (pantothenic acid) enhanced wound healing in a human study with a dosage of 200 to 900 mg/

day.63 In individuals with rheumatoid arthritis treated with methotrexate, which inhibits B6 metabo-

lism, there is a much higher incidence of heart disease and elevated Hcy levels than in healthy con-

trols. B6 therapy is frequently prescribed; however, when associated with elevated Hcy, the addition 

of B12 and folate is indicated.

Guidelines for treatment of low 25-hydroxyvitamin D levels to optimize physiologic levels in the 

perioperative setting are included in Table 35.5. The recommended form for treatment is vitamin 

D3, which has been shown in one calculation to have a relative potency of D3:D2 of 9.5:1; in another 

calculation, D2 was one-third that of D3.89 The guide is intentionally accelerated for achieving 

results in the near term and to minimize the expense of retesting,90–93 and represents this author’s 

approach based on recent publications. The targeted serum level for individuals with osteoporosis/

-penia and sarcopenia is 50 to 70 ng/mL. If these levels appear alarming, it is best to know that lev-

els of 54 to 90 ng/mL have been measured in “normals” in sunny countries. Because of the fi ndings 

of these more recent studies, the current guidelines are being revised upwards.

MACRONUTRIENTS

One fi sh oil study raises the possibility that the anti-infl ammatory actions of omega-3 fatty acids may 

play a role in the prevention of sarcopenia.61 Essential fatty acids in the form of eicosapentaenoic 

acid (EPA) and docoxahexaenoic acid (DHA) at 1 g/day has been recommended by the American 

Heart Association in patients with documented atherosclerosis based on their anti-atherothrombotic 

effects. Recent review of the literature by Bays44 demonstrated that clinical trials have shown high-

dose omega-3 fatty acid consumption to be safe, even when concurrently administered with other 

agents that may increase bleeding, such as aspirin and warfarin. For the management of preopera-

tive pain, particularly after withdrawal of NSAIDs or other prescription drugs, this author suggests 

that patients use 2000 to 2500 mg of EPA and DHA (combined dose) for about 3 to 4 weeks prior to 

withdrawal of the prescription drugs.

VII. SUMMARY AND CLINICAL RECOMMENDATIONS

Elective orthopedic surgery has potential complications that are willingly assumed in order to 

improve the quality of life for patients. Many orthopedic patients have inadequate levels of nutri-

ents, which may have impaired various metabolic pathways and contributed to the development 

of their orthopedic condition. The additional catabolic stressors of the perioperative period create 

TABLE 35.5
Perioperative Treatment Guidelines for Low 25-Hydroxy Vitamin D3

Starting 25-OH 
D3 Levels (ng/mL) Starting Dose

Testing 
Interval* Next Dose Retest Maintenance

<20 5000–10,000 

IU/day

6–8 wks 3000–5000 IU/day q 8–12 wks until 

level maintained

As indicated by lab 

values

20–32 5000 IU 6–8 wks 2000–5000 IU 16 wks 2000 IU

32–50 2000–5000 IU q 3–4 mos 

until stable

2000 IU q 6 mos

50–75 800–2000 IU Annually in winter 

*Retest 25-OH D3 and serum calcium.
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further depletion of multiple nutrients that are essential for optimal recovery. The scientifi c lit-

erature demonstrates improved outcomes with targeted, metabolic nutrient therapies using isolated 

nutrient interventions, particularly with antioxidants. There is great opportunity for rational, com-

plex, and balanced nutrient therapy interventions to improve outcomes. Many patients have already 

seized this opportunity using little professional advice, and are eager to fi nd knowledgeable physi-

cian guidance. Primary care physicians are well positioned to initiate effective nutrient therapies to 

optimize orthopedic surgical outcomes through targeted diet, exercise, and nutrient therapies. The 

key points are:

Nutrient therapy is safe and can measurably improve outcomes.• 

The distinctive circumstance of impending surgical threat, combined with patient inter-• 

est in nutrient therapy, creates a superb opportunity for the physician to spark motivated 

patient compliance in a preoperative program.

The nutrient status of many orthopedic patients is surprisingly poor, particularly the obese • 

elderly.

Sarcopenia is underdiagnosed and treatable with professionally guided exercise and • 

nutrient support. A fi rst step to nutrient support is recommending unrefi ned, whole 

foods and high-quality nutrients, starting with a multivitamin. Practitioners or their staff 

should become familiar with three or four preparations and where to direct patients to 

fi nd them.

Three-day food diaries to measure protein content demonstrate inadequate protein intake • 

with surprising frequency. Increase protein intake for 6 weeks before and after surgery, 

and maintain intake as close as possible to the time the patient must be NPO for surgery. 

Protein shakes and amino acid formulas are convenient supplements and medical foods to 

support poor food intake.

Limit negative pharmaceutical and dietary infl uences on healing.• 

Jump start bone metabolism with focused treatment of vitamin D insuffi ciency, and sup-• 

plement with balanced, chelated minerals.

Perioperative antioxidant therapy has shown great promise to improve surgical outcomes • 

in multiple studies.

Invite all, work with the willing, and meet the rest with an invitation by sharing previous • 

good outcomes.

For the nutrient neophyte, advice can be as simple as just eat right (no to “white stuff,” yes • 

to lean meats, fi ve half-cup servings of vegetables/day), drink only clean water, and take a 

good quality multivitamin.

For complex patients, establish a baseline symptom reference to ease follow-up assessment such • 

as the validated MOS SF-3694 or the clinically useful Medical Symptoms Questionnaire.95
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36 Wound Healing

Addressing Nutrient 
Needs with Diet
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I. INTRODUCTION

The process of wound healing is complex. Like any construction project, wound healing requires 

adequate blood fl ow as a supply line, and nutrients as the building blocks of the reparative process. 

The general health status of the patient can also infl uence the outcome of the healing process as it 

may alter the ability of the individual to respond to the injury and redistribute the ingested nutrients. 

Wound repair depends upon suffi cient ingestion, absorption, and metabolic distribution of macronutri-

ents (carbohydrates, protein, fat) and micronutrients (vitamins and trace elements). Imbalance due to 

inadequate supply or excessive demand may lead to an inability to heal wounds. While small wounds 

mend in healthy people without special attention, the metabolic demands of large wounds may out-

strip the resources of even the well-nourished patient, making wound care most challenging.

This chapter describes the value of providing both macronutrients and micronutrients for wound 

healing. We will discuss the particular circumstances that may be nutritionally challenging in 

wound repair. Guidelines will be made for nutrients and foods in proper amounts for the patient 

with a healing wound.

II. EPIDEMIOLOGY

Nutrition for wound healing is a widening health challenge. Protein defi ciency impairs wound 

healing, and it is a widespread problem in adults and children.1 Protein-energy malnutrition is the 

most common nutritional defi ciency in the hospital. It has been found in 44% to 50% of hospital-

ized patients.2 Regrettably 25% to 30% of hospitalized patients are well-nourished initially but will 

become malnourished at some point in their stay.2

Malnutrition in the elderly is a global dilemma. It is estimated that up to 60% of institutionalized 

or nursing home patients are malnourished.3 Pressure ulcers are challenging in the elderly, and are 

more commonly found with malnourished elderly patients, especially those in nursing homes or 

those receiving home health care. Pressure ulcers have a reported prevalence of 2.7% to 29.5% in 

hospitalized patients.4 It is estimated that as many as 10% of hospitalized aged patients will acquire 

pressure ulcers at some stage in their hospital visit.5

Patients with diabetes often have wounds that are diffi cult to heal due to hyperglycemia and 

peripheral vascular and small vessel disease. As stated by the Centers for Disease Control and 
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Prevention, in the United States approximately 60% of all lower extremity amputations occur among 

persons with diabetes; of these, approximately 85% are preceded by a foot ulcer.6 

Nutritional status infl uences susceptibility of wounds to infection. Surgical site infections are 

problematic in the clinical setting. The Centers for Disease Control and Prevention estimates a 

2.8% incidence of surgical site infections, approximately 500,000 per year. Surgical site infec-

tions are connected with increased morbidity and mortality, and lengthen hospital stay resulting in 

increased hospital costs. Staggeringly, 77% of the deaths of surgical patients were associated with 

surgical wound infection.7 A relative risk of death of 2.2-fold has been shown to be due to surgical 

site infections.8

Burn injury and trauma represent the largest wounds treated in the clinical setting. Such patients 

have their own set of nutritional challenges due to severe metabolic demands and infl ammatory 

disturbances. National Hospital Ambulatory Medical Care Survey data collected between 1993 and 

2004 determined that emergency department visits of patients with burns are declining, but rates 

remain elevated in men, African American patients, and children, occurring in the fi rst and third 

decades of life.9 Data gathered by the National Burn Registry from January 1996 through June 2006 

showed that out of 142,318 patients with burns, 58% were Caucasian, 17.4% African American, 12.8% 

Hispanic, 2% Asian, and 0.6% Native American; 69.7% were male and 30.3% were female.10

Other sources of trauma such as motor vehicle accidents, sports-related injuries, and war-related 

injuries create large wounds, usually in young individuals in the fi rst decades of life. Despite the 

overall healthy premorbid conditions, the metabolic demands of such large injury may outstrip the 

endogenous metabolic stores of the individuals involved.11

III. PATHOPHYSIOLOGY OF WOUND HEALING

STAGES OF HEALING

The understanding of the physiological processes of the stages of wound healing is constantly 

improving and ever-changing. It is also important to note that not all wounds heal in the same way 

and the various stages may actually overlap in time. The type of wound, existence or lack of infec-

tion, and nutritional, medical, or surgical interventions can affect the healing process.12 The mecha-

nism of wound healing helps us to understand the nutritional demands of the process.

Metabolic activity is dramatically increased to meet the demands of the reparative process. Stages 

of wound healing, as described in detail in Table 36.1, include hemostasis, infl ammation, proliferation, 

contraction, and remodeling. Each stage requires macronutrients and micronutrients. Disturbance of 

one or more of these stages with nutrient defi ciency will impede the healing process.12

Hemostasis
Immediately upon injury, blood is released into the wound, while refl exive vasoconstriction mini-

mizes blood loss. The blood present in the wound provides substrate for Hageman Factor (XII) to 

begin the clotting cascade. Collagen, which is present in all tissues, becomes exposed and stimu-

lates the alternate complement pathway to aid in clotting. Subsequent platelet adherence leads to 

degranulation and the release of numerous cytokines such as platelet-derived growth factor (PDGF). 

Fibrinogen converts to fi brin, which, with platelets, forms a scab offering a short-term protective 

barrier.12

Infl ammation
Leukocytes travel into the wound during this period to fi ght infection and set the stage for prolifera-

tion. Prostaglandins, nitric oxide, and other infl ammatory mediators promote vasodilation, which 

prevents blood loss. Plasma containing enzymes, antibodies, and nutrients seeps out into the inter-

stitial area due to a resultant capillary leak. Monocytes help eradicate debris and harmful bacteria 

from the wound.12
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TABLE 36.1
Stages of Wound Healing

Stage Course

Hemostasis May take minutes to occur.• 

Stops exsanguination.• 

Begins process of healing by creating a protective layer to minimize infection risk, • 

supplying a biochemical environment and structure for upcoming stages.

Vasoconstriction occurs, reducing blood loss. Blood released in the wound quickens • 

Hageman Factor (XII) to initiate clotting cascade.

Collagen exposed in the wound stimulates alternate complement pathway, platelet • 

adherence, and degranulation.

Fibrinogen converts to fi brin, along with platelets, forming a scab offering a temporary • 

protective barrier.

Platelets quickly aggregate and degranulate in the wound.• 

Numerous cytokines are released. • 

Infl ammation May last several days and overlap hemostasis.• 

Leukocytes are going into the wound.• 

Vasoconstriction replaced by vasodilation; clotted vessels prevent persistent blood loss.• 

Release of bradykinin, histamines, and free radicals from leukocytes leads to amplifi ed • 

vascular permeability.

Enzymes, antibodies, and nutrients fl ux into interstitial space.• 

Glucose and oxygen crucial for this stage. Arginine into the wound site may serve as • 

precursor for nitric oxide. Lipids in the wound may be altered by free radicals in the 

wound to create isoprostane, stimulating important cascade of events in the wound.

Monocytes become phagocytic macrophages taking away debris and bacteria. They exude • 

proteases, producing interferon and prostaglandins and cytokines, which are 

chemoattractants for mesenchymal cells, which differentiate into fi broblasts that are 

involved in proliferative phase and connective tissue formation. 

Proliferation May take weeks.• 

Dominates several days after injury. May correspond chronologically to the fl ow • 

or hypermetabolic phase of metabolic response to injury.

Debris may be removed during this stage surgically by wound care or whirlpool. Crucial • 

intervention is closing the wound.

Optimal support to help with tissue perfusion and optimizing immune response by • 

providing substrate for energy or protein synthesis is necessary for this stage for most 

favorable outcomes.

Fibroblasts proliferate rapidly, responsible for key extracellular structural components • 

of healing wound.

Scar formation is made from collagen, one of the most complex proteins in the body. • 

Lacking available amino acids and cofactors such as vitamin C there would be insuffi cient 

collagen. Without enough collagen wounds would leak, leading to dehiscence.

This stage involves infl ux of endothelial cells and neovascularization. Epithelialization • 

occurs.

Cells proceed across a newly produced collagen matrix, producing a new basement • 

membrane essential to normal epithelial cell activity.

Contraction Wound shrinks by recruiting adjacent tissue and pulling it into the wound.• 

Remodeling May persist for months or years. The balance of synthesis and degradation • 

is vital to maintain a healed wound still years after initial injury.

Nutritional requirements of wound healing will be diminishing.• 

Scar is transformed to the fi nal mature healed wound.• 

Source: Adapted from [12].
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Proliferation
Proliferation becomes the governing stage a few days after the initial injury. Fibroblasts, which help 

produce essential structural elements of the healing wound such as collagen, advance forward in 

the wound and proliferate. During this phase collagen becomes an essential component in the scar 

formed during the reparative process, since collagen provides a fi brous matrix to provide wound 

strength. With insuffi cient collagen wounds would be frail, resulting in dehiscence. Such processes 

of proliferation require large amounts of energy as carbohydrate for mobility of the cells as well as 

manufacture of the essential building blocks of the wound. Amino acids are necessary for all the 

protein and enzyme synthesis of this stage. Collagen production not only requires energy and amino 

acids but also micronutrients such as vitamin C and iron for the post-translational hydroxylation of 

proline and lysine (Figure 36.1).12 Without vitamin C, the collagen production will be inadequate, 

resulting in the clinical manifestations of scurvy with the breakdown of wounds.13

During the proliferative stage, endothelial cells also fl ood the area and neovascularization 

occurs, which also necessitates energy input as well as amino acids and micronutrients for protein 

synthesis. This course takes over during healing by secondary intention, and red vascular tissue 

called granulation tissue is the result. Epithelialization also occurs and may dominate the process in 

wounds such as superfi cial burns. Cytokines regulate epithelial cells, which travel across the wound 

periphery, generating a fresh basement membrane crucial for normal epithelial cell activity.12

Contraction
During this stage the wound reduces in size by essentially pulling in neighboring tissue. 

Myofi broblasts are the cells responsible for this movement that pulls the edges of the wound toward 

the center in another energy-requiring process. Collagen enhances this activity by facilitating fi bro-

blast stabilization.12
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FIGURE 36.1 The synthesis of collagen is the cornerstone of scar production to give strength to the healing 

wound. Not only does this require the amino acid building blocks, but it also requires micronutrients such 

as vitamin C and iron for the hydroxylation of lysine and proline. (From Pesciotta, D.M. and Olsen, B.R., 

The Cell Biology of Collagen Secretion in H. Furthmayr, Immunochemistry of the Extracellular Matrix, 

Vol. 2, CRC Press, Boca Raton, FL, 1982. With permission.)
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Remodeling
The nutritional requirements decrease during this phase, as the wound now has increased tensile 

strength approaching undamaged tissue. This stage can carry on for several weeks to years. Rather 

than amplifi ed collagen production, there is a fi ne balance of collagen synthesis and degradation. 

The wound is transformed to chiefl y Type I collagen instead of Type I and Type III. During this 

stage the collagen cross-linking increases.12

IV. STRESS RESPONSE TO INJURY

Patients who have large burns and who are critically ill have modifi cations in digestion, absorption, 

and metabolism, which in turn ultimately increases protein needs. Patients who experience trauma 

have increased protein turnover, and during critical illness digestion in the gut is compromised. 

Consequently, the body may need modifi cations in administration of dietary protein as well as the 

composition and quantities of food. The metabolic response to injury is aimed at healing rather than 

conserving the lean body mass, ultimately altering amino acid requirements (Figure 36.2).12

Hypermetabolism takes place during stress from a large burn or traumatic injury. The lean body 

mass, comprised of muscle, skin collagen, bone, and visceral protein, is swiftly depleted during the 

metabolic response to injury.14–20 The body essentially “eats itself” in order to meet the demands of 

injury (Figure 36.2). Appropriate nutritional intervention can lessen protein catabolism during the 

hypermetabolic state.16 Throughout the stress response to injury, protein catabolism exceeds protein 

synthesis, resulting in an enhanced excretion of urinary nitrogen. Glucocorticoids aid the movement 

of amino acids from the skeletal muscle to the liver.17

V. COMORBID CONDITIONS

Adipose tissue is inadequately perfused, leading to decreased nutrient delivery to the wound. 

Obesity increases the incidence of infections and overall delayed wound repair and wound 

FIGURE 36.2 In periods of metabolic stress such as injury, the body undergoes an effective catabolism of 

the “carcass” to support visceral protein synthesis. Providing appropriate nutritional support, especially pro-

tein, may minimize the peripheral catabolism to some extent but it cannot be totally eliminated. (From [20]. 

With permission.)
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dehiscence. Patients with diabetes (frequently also obese) need to be particularly vigilant with 

their regulation of carbohydrate intake, and close monitoring of fi ngerstick blood sugar levels. 

Hyperglycemia increases the risk of infection and delayed wound healing.21 Hypothyroidism, adre-

nal insuffi ciency, chronic kidney disease, and hepatic failure also impair the nutrient utilization 

required for wound healing. Alcoholism, drug addiction, poverty, and old age are all associated 

with protein, protein-calorie, and micronutrient defi ciencies. Care must be taken to provide appro-

priate evaluation.

Individuals with cancer may have delayed wound healing as the malignancy can complicate 

every step of the wound healing process. Radiation therapy can alter the healing of wounds by 

slowing the infl ammatory response of healing. Dose, timing of therapy, and area of therapy can 

complicate healing. Chemotherapy can also alter the infl ammatory response to injury.

VI. PATIENT EVALUATION

To assess for malnutrition one must determine the percentage of unintentional weight loss that the 

patient has suffered by disease or comorbidities. An unintentional weight loss of 10% or more of 

premorbid weight has been shown to cause impaired physiologic functions and decreased morbidity 

and mortality.22

Anthropometric measurements of nutritional status, which include height, weight, and skin fold 

measurements, can be performed. Skin fold analysis is operator dependant and varies with condi-

tions creating edema. Weights fl uctuate, depending upon fl uid status, and if edema or ascites are 

present. Biochemical tests including albumin, prealbumin, and transferrin may give some indica-

tion of current nutritional status by assessing visceral protein status. Unfortunately, such tests can be 

affected by fl uid status and metabolic stress, making them also inconsistently reliable.

In the clinical management of wound healing, one does not routinely assess for micronutri-

ent defi ciency. While it is possible to measure tissue and serum levels of micronutrients, they are 

unreliable during metabolic stress such as trauma.23 Fluid shifts and changes in production of 

carrier protein may give falsely low values. Consequently, treatment with micronutrients is often 

empiric.

VII. TREATMENT RECOMMENDATIONS

Nutrients have myriad roles in wound healing (Table 36.2) and are generally obtained through food 

(Table 36.3). The presence of wounds is associated with defi ciency states of these nutrients required 

for healing. Additional food and sometimes supplemental dosing are an important adjunct to surgi-

cal and medical interventions.

MACRONUTRIENTS

Carbohydrates
Glucose provides energy to skin cells in wound healing. During wound repair carbohydrates are uti-

lized as energy for infl ammatory cells and fi broblasts.12 Glucose is a key nutrient for patients with a 

traumatic injury since it is needed for cellular expansion, leukocyte function, and fi broblastic mobil-

ity. If a patient with increased metabolic demands has a carbohydrate intake that is inadequate, 

there may be more conversion of amino acids to glucose, which in turn may deplete lean body mass. 

Alternatively, excessive intake of carbohydrates or glucose could lead to hyperglycemia, which will 

also have a detrimental effect on wound repair.12

Resting metabolic rates in the critically ill are generally higher than healthy patients. Numerous 

formulae are available to predict resting energy expenditure in patients.23–26 The amounts of carbo-

hydrate required by a patient with wounds vary from patient to patient, and may not necessarily be 

related to wound size alone.
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An indirect calorimeter may be helpful for predicting energy expenditure for the critically ill 

patient. This particular device measures oxygen consumed to determine metabolic rate. When com-

pared to carbon dioxide produced during respiration (RQ or Respiratory Quotient) one can estimate 

the metabolic blend of nutrients consumed for energy production. This technique is particularly 

useful as respiratory quotients greater than 1.0 indicate that the patient is receiving too much carbo-

hydrate and is now converting the excess to fat.27

The balance between adequate calories for healing and avoiding overconsumption of nutrients 

is sometimes best guided by calculation of energy needs, even among ambulatory patients who 

are not critically ill. Previous energy expenditure studies have not centered on outpatients. Two 

TABLE 36.2
Function of Some Key Nutrients Involved in Wound Healing

Nutrient Class Specifi c Nutrient Contribution to Wound Healing

Proteins Amino acids Needed for platelet function, neovascularization, lymphocyte 

formation, fi broblast proliferation, collagen synthesis, and wound 

remodeling.

Required for certain cell-mediated responses, including phagocytosis 

and intracellular killing of bacteria.

Gluconeogenic precursors.

Carbohydrates Glucose Energy substrate of leukocytes and fi broblasts.

Fats Fatty acids

Cholesterol

Serve as building blocks for prostaglandins, isoprostanes that are 

infl ammatory mediators; energy source for some cell types.

Are constituents of triglycerides and fatty acids contained in cellular 

and subcellular membranes.

Vitamins Vitamin C

Vitamin B Complex

Vitamin A

Vitamin D

Vitamin E

Vitamin K

Hydroxylates proline and lysine in collagen synthesis.

Free radical scavenger.

Is a necessary component of complement that functions in immune 

reactions and increases defenses to infection.

Serves as a cofactor of enzyme systems.

Required for antibody formation and white blood cell function, 

essential for nucleic acid metabolism.

Enhances epithelialization of cell membranes.

Enhances rate of collagen synthesis and cross-linking of newly 

formed collagen.

Antagonizes the inhibitory effects of glucocorticoids on cell 

membranes.

Necessary for absorption, transport, and metabolism of calcium.

Indirectly affects phosphorus metabolism.

Free radical scavenger.

Needed for synthesis of prothrombin and clotting factors VII, IX, 

and X.

Minerals Zinc

Iron

Copper

Stabilizes cell membranes; enzyme cofactor.

Needed for cell mitosis and cell proliferation in wound repair.

Needed for hydroxylation of praline and lysine in collagen synthesis.

Enhances bactericidal activity of leukocytes.

Hemoglobin oxygen transport to wound.

Integral part of the enzyme lysyloxidase, which catalyzes formation 

of stable collagen cross-links.

Source: From [12]. With permission.

TAF-67621-08-0801-C036.indd   589TAF-67621-08-0801-C036.indd   589 12/19/08   7:40:01 PM12/19/08   7:40:01 PM



590 Food and Nutrients in Disease Management

TABLE 36.3
Food Sources of Micronutrients Involved in Wound Healing

Nutrient Class Specifi c Nutrient Food Sources

Vitamins Vitamin C

Vitamin B Complex

Vitamin A

Vitamin D

Vitamin E

Vitamin K

Citrus fruit, strawberries, red peppers, kiwi fruit, oranges, orange 

juice, green peppers, grapefruit juice, vegetable juice cocktail, 

Brussels sprouts, cantaloupe, papaya, kohlrabi, broccoli, edible pod 

peas, sweet potato, tomato juice, caulifl ower, pineapple, kale, 

mango, dark green leafy vegetables, fortifi ed bread and cereals

Ready-to-eat cereal, potato, banana, garbanzo beans, chicken, 

oatmeal, pork, roast beef, trout, sunfl ower seeds, spinach, tomato 

juice, avocado, salmon, tuna, wheat bran, peanut butter, walnuts, 

soybeans, lima beans

Organ meats, carrot juice, sweet potato, pumpkin, carrots, spinach, 

collards, kale, mixed vegetables, turnip greens, instant fortifi ed 

cereals, beet greens, winter squash, dandelion greens, cantaloupe, 

mustard greens, pickled herring, red sweet pepper, Chinese cabbage

Cod liver oil, salmon, mackerel, tuna fi sh, sardines, milk, margarine, 

ready-to-eat cereal, egg, liver, beef, cheese

Fortifi ed ready-to-eat cereals, sunfl ower seeds, almonds, sunfl ower 

oil, cottonseed oil, saffl ower oil, hazelnuts, mixed nuts, turnip 

greens, tomato paste, pine nuts, peanut butter, tomato puree, tomato 

sauce, canola oil, wheat germ, peanuts, avocado, carrot juice, 

peanut oil, corn oil, olive oil, spinach, dandelion greens, sardines, 

Brazil nuts, herring

Swiss chard, kale, parsley, Brussels sprouts, spinach, purslane, 

broccoli, turnip greens, watercress, endive, lettuce leaves, spring 

onions, mustard greens, cabbage, lettuce, coleslaw

Minerals Zinc

Iron

Copper

Oysters, red meat, poultry, beans, nuts, certain seafood, whole grains, 

fortifi ed breakfast cereals, dairy products

Clams, fortifi ed cereals, oysters, organ meats, soybeans, pumpkin, 

white beans, molasses, lentils, spinach, beef, kidney beans, sardines, 

chickpeas, duck, lamb, prune juice, shrimp, cowpeas, ground beef, 

tomato puree, lima beans, soybeans, navy beans, refried beans, 

tomato paste

Oysters, shellfi sh, whole grains, beans, nuts, potatoes, kidney, liver, 

dark leafy greens, dried fruits, prunes, cocoa, black pepper, yeast

Source: [61].

equations are suggested (Table 36.4). For obese patients, actual body weight should be used for 

these equations.25,26

The type of carbohydrate used may also infl uence wound healing. Avoiding sweetened beverages 

and high glycemic index foods can help patients adhere to caloric balance.28

Protein
Protein requirements are increased for patients with large wounds. During the infl ammatory and 

proliferative stages of wound healing, the amino acid requirements in the injury will be high due 

to the elevated level of enzymatic activity and the soaring rate of cell turnover.29 Protein needs can 

rise up to 1.5 to 2.0 g/kg body weight of protein.30 Calculations are based upon actual body weight 

or weight prior to illness.31 Dietary intake of protein can be calculated (Table 36.5) and adjusted for 

the type of wound (Table 36.6).
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Certain amino acids can become conditionally essential during periods of metabolic stress with 

large wounds. Arginine and glutamine have been found to have special requirements in wound heal-

ing that sometimes require specifi c supplementation.32

Arginine
Arginine, normally a nonessential amino acid, is found in protein-rich foods. It is valuable for 

wound healing because it is the only substrate for nitric oxide synthesis.33–35 In a rat wound healing 

model, supplemental arginine restored nitric oxide levels to near-normal and signifi cantly increased 

wound-breaking strength, a marker of wound healing and collagen synthesis.

Arginine supplementation can assist in improving endothelial dysfunction and enhancing 

immune function, thus aiding wound healing.35 Arginine and glutamine supplementation has been 

shown to boost collagen synthesis in healthy elderly volunteers and is a safe way of hastening wound 

repair.36

Thirty-six hospitalized patients with pressure sores and severe cognitive impairment were 

 studied.37 The patients who drank high-calorie, high-protein supplements had quicker progress in 

pressure ulcer repair than those patients who did not consume an oral supplement. The fastest heal-

ing was observed in the group supplemented with arginine, zinc, and antioxidants.

Thirty grams of arginine supplemented daily for at least 3 days increased peripheral blood lym-

phocyte blastogenic responses to mitogens, and natural killer lymphokine-activated killer cells 

increased.38 Collagen synthesis was enhanced in healthy aging patients when given supplemental 

arginine, HMB (beta hydroxy-methyburate), and glutamine.36

Supplemental arginine has been shown to be well tolerated in less than 2 week duration. Thirty 

grams of arginine ingested per day for at least 3 days was well tolerated and appears to be safe for 

the promotion of wound healing and stimulation of immune response and may benefi t patients at 

risk of infection.35,38

TABLE 36.4
Energy Expenditure Equations for Healthy Patients

Ireton-Jones*

IJEE (s) = 629 – 11 (A) + 25 (W) – 609 (O)

IJEE = kcals/day

A = age (years)

W = actual weight (kg)

O = obesity (if present = 1, absent = 0)

No activity or injury factor is added

Miffl in**

Male: Resting Metabolic Rate (kcal/day) = 10 (W) + 6.25 (H) – 5 (A) + 5

Female: Resting Metabolic Rate (kcal/day) = 10 (W) + 6.25 (H) – 5 (A) – 161

H = height (cm)

W = actual weight (kg)

A = age (years)

Use with activity factors:

Moderate: Resting Metabolic Rate × 1.2–1.3

Intense: Resting Metabolic Rate × 1.4–1.5

Source: Adapted from [12, 20].
* From Ireton-Jones C, Jone J. Improved equations for estimating energy expenditure in patients: 

the Ireton-Jones equations. Nutr Clin Prac 2002;17(4):236–239.
** From Miffl in MD, St. Jeor ST, Hill LA, et al. A new predictive equation for resting energy 

 expenditure in healthy individuals. Am J Clin Nutr 1990;51:241–247.
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TABLE 36.5
Food Sources of Protein

Food Serving Protein Grams

Duck, meat only, cooked ½ duck 52

Chicken, stewed, meat only 1 cup 43

Fish, halibut ½ fi llet 42

Turkey, meat only, roasted 1 cup 41

Fast food hamburger, double 1 sandwich 34

Tuna salad 1 cup 33

Taco 1 large 32

Cottage cheese 1 cup 31

Beef, braised 3 oz 29

Soybeans, boiled 1 cup 29

Crab, canned 1 cup 27

Pork, cooked 3 oz 27

Chili con carne 1 cup 25

Chicken fi llet sandwich 1 sandwich 24

Dry couscous 1 cup 22

Trail mix 1 cup 21

Pinto beans, cooked 1 cup 15

Enriched rice 1 cup 13

Pizza, pepperoni, slice from 

14-inch pizza

1 slice 13

Chicken pot pie 1 small pie 13

Yogurt, skim milk 8 oz container 13

Soup, bean and ham 1 cup 13

Milkshake 11 fl  oz 12

Milk, 1% 1 cup 8

Cheese 1 oz 7

Egg, whole, raw 1 extra large 7

Peanuts 1 oz (28 nuts) 7

Soy milk 1 cup 7

Source: [61].

TABLE 36.6
Suggested Protein Intake for Wound Healing

Type of Wound
Protein Recommended 

(grams/kg/day)

Pressure Ulcers
Stage I

Stage II

Stage III

Stage IV

1.0–1.2

1.2

1.3–1.4

1.5–1.6

Burns
< 20% TBSA

> 20% TBSA

1.5–1.8

2.0–2.5

TBSA = Total body surface area
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Dietary sources of arginine include walnuts, hazelnuts, pecans, Brazil nuts, sesame and sun-

fl ower seeds, brown rice, raisins, coconut, gelatin, buckwheat, almonds, barley, cashews, cereal, 

chicken, chocolate, corn, dairy products, meats, oats, and peanuts.39–41

Commercial powders are available that contain approximately 4.5 g of l-arginine per serving. 

Ready-to-serve liquids containing l-arginine, zinc, and vitamins C and E are also on the market.

Glutamine
Glutamine has many diverse roles. It is the most plentiful free amino acid in the body, and it is 

conditionally essential in times of stress. It helps sustain barrier function of the intestines, and it 

functions as a fuel source for the cells of the intestinal mucosa and gut-associated lymphoid tissue. 

Additionally it preserves immune cell function, serving as a key fuel source for lymphocytes, mac-

rophages, neutrophils, and natural killer cells.42

It is known that there is a quick decline in plasma and muscle glutamine levels after injury.43 

However, supplemental glutamine has not yet been confi rmed to have any clear effect on wound 

healing.44 Glutamine does appear to help improve gut permeability of injured patients, facilitate 

protein synthesis, and decrease hospital length of stay.45,46

The recommended dose of glutamine is debatable because no large studies are available at this 

time defi ning the most favorable prescribed amount. Twenty to 40 g of glutamine each day could be 

required in catabolic states. Most research studies do illustrate a benefi t from consuming doses of 

0.6 g/kg or less.47 Glutamine should be used with care in those with liver failure or kidney failure 

because it may lead to excess ammonia production in these patients.48

Food sources of glutamine include beef, chicken, fi sh, eggs, milk, dairy products, cabbage, beets, 

beans, spinach, and parsley.41

Selections of glutamine supplements are available on the market. Some products come as a 

single-dose packet of powder that is mixed with juice or soda. Most can also be used in enteral feed-

ings. Some of the powders contain 10 to 15 g of glutamine, 75 to 90 Kcal, 20 mg of zinc, 500 mg of 

vitamin C, 5000 IU of vitamin A, and 140 mg of arginine.

Collagen hydrolysate protein supplement helps heal pressure ulcers. Benefi t has been demon-

strated from the ready-to-use liquid concentrated fortifi ed form. This product contains 15 g protein 

per 30 mL. It contains the arginine, glycine, proline, and hydroxyproline that helps with tissue heal-

ing, and helps preserve lean body mass.49

Fat
Fat serves as an energy source and as a substrate for infl ammatory mediators (prostaglandins, iso-

prostanes) that infl uence metabolism in the wound. Fats also function as building blocks for the cell 

membrane and organelles, which are lipid bilayers.12

Research shows that glucose and fatty acids are the chief energy providers for those who are 

wounded or stressed, even when carbohydrates are available.50,51 Dietary fat and fatty acids freed 

from adipose tissue are swiftly employed during wound healing and are potential infl ammatory 

modulators of the healing response.14 Fat malabsorption can lead to inadequate fat intake, which 

can negatively affect healing of wounds.52 Those patients receiving fat-free total parenteral nutrition 

and those who have had intestinal surgery (especially terminal ileum resection) may be at risk of 

inadequate intake. It is interesting that fat-free total parenteral nutrition (TPN) is the most frequent 

cause of essential fatty acid defi ciency, which can occur within 10 days of initiation.53

Excess fat can result in hepatic steatosis. Excess intake of polyunsaturated fatty acids (PUFA) 

can infl uence the immune system, leading to immunosuppression.54 Overindulgence of saturated or 

monounsaturated fatty acids is neither unsafe nor advantageous to wound healing. Intake of trans 

fatty acids should be reduced as much as possible. Monounsaturated fatty acids are better as a fat 

source because they do not have adverse cardiovascular effects.

One study by Albina, Gladden, and Walsh suggested that animals eating diets supplemented with 

omega-3 fatty acids have wounds of weaker quality because omega-3 fatty acids may modify the 
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fi broblastic or maturational phases of the healing response.55 The advantage of consuming omega-3 

fatty acids may be in their ability to positively modulate the infl ammatory and immunological 

response rather than in wound repair. Studies of persons and guinea pigs with burns after intake 

of a diet rich in omega-3 fatty acids have shown enhanced immune function, better survival, and 

decreased infectious complications.56,57

MICRONUTRIENTS

B Vitamins
B vitamins serve as coenzymes during the infl ammatory phase of wound repair and are vital in the 

removal of dead tissue and bacteria from a wound. Additionally they are important for antibody 

formation, leukocyte function, and nucleic acid metabolism, which is essential in the healing wound 

with rapid cellular proliferation.12 At certain points in the proliferative and remodeling phases of 

wound healing, B vitamins help with production and interlinking of collagen. They also facilitate 

the synthesis of new tissues and blood vessels. B vitamins aid in wound contraction during the fi nal 

phase of wound healing and help support the resulting scar.58

It is important for patients with wounds to consume adequate amounts of B vitamins. If patients 

consume a variety of foods, usually requirements for B vitamins are met. The RDAs (Recommended 

Dietary Allowances) are prudent to follow in this regard. Those at risk of defi ciency (malnourished, 

poor, elderly, those with malabsorptive diseases) need to be supplemented.58 It is important to keep 

in mind when considering the B vitamins that if vitamin B12 defi ciency is suspected folate should 

be tested due to their metabolic interactions. Those at risk of defi ciency are those with alcoholism, 

limited diets, or limited availability of nutrients or income.

B vitamins can be supplemented in a multivitamin formulation. They should be provided in 

amounts to at least meet the RDA. Due to the low toxicity of water-soluble vitamins, taking mod-

estly larger amounts is usually safe.58

Vitamin C
Insuffi cient intake of ascorbic acid leads to poor healing of wounds. In the most severe manifes-

tation, the patient will suffer from scurvy and spontaneous breakdown of wounds. While it has 

long been known that vitamin C helps increase strength of the wound, functioning as a cofactor in 

collagen synthesis (Figure 36.1), it has become recently accepted that ascorbic acid also functions 

as a free radical scavenger.59 Recent studies suggest that pharmacologic doses of vitamin C may 

decrease the early systemic infl ammatory response in burns and trauma.60

Nutrient sources of vitamin C include citrus fruits such as oranges, lemons, and limes as well as 

other fresh fruits and vegetables including strawberries and tomatoes.

Patients at risk of defi ciency include hospitalized patients on restricted diets, alcoholics, and the 

geriatric patient on nominal income with limited intake of fresh fruits and vegetables.61 Since it is 

diffi cult for patients who are ill to consume large quantities of fruit and vegetables, it is suggested 

that the patient receive supplementation. Patients with small wounds should receive 500 to 1000 mg 

daily in two divided doses while patients with larger injuries should be given 1 to 2 g/day. Vitamin 

C should be given in divided doses because large amounts can result in abdominal pain, nausea, 

and loose stools. Use prudence when recommending supplemental vitamin C with patients who are 

predisposed to renal colic or have iron excess.62

Zinc
Zinc has been employed for the management of dermatologic ailments for years. Zinc is required 

for protein synthesis and is also a cofactor in enzymatic reactions. Zinc levels can be severely 

depleted in periods of stress.63 Zinc defi ciency (levels <100 mg/mL) can occur in malnourished 

patients and in those who are stressed or those receiving steroids for a long period of time,64,65 

which impairs wound healing because of decreased wound strength and delayed epithelialization.66 
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Defi cient patients have increased vulnerability to infection and delayed wound repair. This defi -

ciency is swiftly corrected when patients are supplemented with zinc, resulting in the numbers of 

circulating T-cell lymphocytes rising as well as the capacity of lymphocytes to battle infection.

To date, no studies have demonstrated advancement in wound healing after zinc supplementation 

to patients who are not defi cient in zinc. However, assessment of a patient’s dietary intake using a 

24-hour or 3-day food record may offer a clinician insight into their patient’s zinc status and poten-

tial need for supplementation. Some studies suggest that patients with chronic wounds often have 

low zinc intake.67,68 Topical zinc ointments have been found to be helpful for those with chronic leg 

ulcers, pressure ulcers, diabetic ulcers, and burns.69–72

Alcoholism predisposes to zinc defi ciency because alcohol reduces the absorption of zinc and 

escalates loss of zinc in urine. Dinsmore and colleagues found lower postprandial serum zinc con-

centrations in alcoholics after a standardized meal supplemented with 50 mg zinc, which may imply 

a decreased absorptive capacity of zinc.73 Patients who have had gastrointestinal surgical proce-

dures, chronic diarrhea, malabsorption, Crohn’s disease, celiac sprue, and short gut syndrome are 

also at greater risk of a zinc defi ciency.74

The current RDA for zinc is 15 mg. Suggested dietary sources of zinc are beef, liver, oysters, 

whole wheat products, nuts, cheddar cheese, poultry, lamb, pork, and popcorn.61

POTENTIAL SUPPLEMENT AND FOOD INTERACTIONS

Calcium and zinc should be taken at different times during the day because calcium reduces zinc 

absorption.75 Vitamin B6 and zinc should be taken together because vitamin B6 increases the 

absorption of zinc.76 Too much supplementation of zinc can impair wound healing by inducing a 

relative copper defi ciency.

It is recommended to wait 1 hour after taking vitamins and minerals before drinking tea, since 

black tea inhibits the absorption of iron. Green tea also inhibits absorption but less than dark tea. 

Coffee and calcium are also inhibiting factors for iron. Phytates, which are found in whole grain 

breads, cereals, and legumes, can decrease zinc absorption.77

VIII.  MEETING NUTRITIONAL REQUIREMENTS 
FOR WOUND HEALING WITH FOOD

The choice of foods for the patient with healing wounds depends on the patient’s overall condition. 

Clearly, the critically ill patient will be unable to eat and will require supplementation with tube 

feedings and in some cases with total parenteral nutrition. With such defi ned formulae, meeting 

requirements according to the above guidelines is relatively straightforward assuming normal bowel 

function. Enteral nutrition is preferred when feasible as it helps maintain a healthy gut and allows 

for the advantages of direct liver metabolic modulation of the nutrients.78,79

Patients who are able to consume a normal oral intake present a more interesting challenge for 

wound care. Hospitalized patients may be directly provided an appropriate diet with the help of a 

dietician to determine dietary preferences. Generally speaking, adequate caloric intake is met with 

the diet but some patients’ dietary choices leave the diet insuffi cient in protein and micronutrients. 

Emphasizing the need to take in protein may resolve this problem. In some patients, oral liquid sup-

plements may be necessary to provide adequate protein. Supplementation with multivitamin prepa-

rations and specifi c nutrients such as vitamin C is usually required to meet micronutrient needs.

When these individuals are outpatients the clinician has little direct control on the patient’s diet 

except through education and providing certain supplements. If the wounds are small, minimal alter-

ations of the diet are likely necessary assuming that the patient is well-nourished at the time of injury. 

However, many patients are malnourished at the time of injury and need appropriate adjustments.

Like the hospitalized patient, caloric needs are often met in the outpatient, but protein and micro-

nutrients are likely to be inadequate without assistance. The patient should be educated on foods 
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that are high in protein and other essential nutrients. Cost of these food items must also be consid-

ered for the patient with a limited income. For example, many people have restricted their intake of 

eggs due to health concerns of cholesterol. Nonetheless, eggs are an excellent, inexpensive source of 

high-quality protein and numerous micronutrients. Daily supplementation of the diet with eggs may 

assist in wound healing with minimal cost. While some may be concerned of the long-term risks of 

atherosclerosis, albeit controversial, liberalization of diet for a period of time is usually worth the 

medical risk–benefi t ratio.

Tuna may be an excellent alternative source of protein for some people. Individuals such as the 

senior citizen living alone may fi nd the cost and convenient size of a can of tuna to be an appealing 

protein source. A single 6 oz can could meet approximately one-half of the protein requirement of 

some individuals for the whole day.80

It is often assumed that micronutrients require pharmacologic supplementation. As mentioned, 

food sources such as eggs include reasonable quantities of micronutrients, minimizing the need for 

supplementation. Simply maintaining a diet that is well-balanced with the major food groups may 

be all that is required for patients with small wounds. In those individuals for whom there are some 

concerns of the quality of diet, it is reasonable to at least provide a multivitamin for daily supple-

mentation. The cost and physiologic risk are low.

One must be careful to understand the potential problems with pharmacologic supplementation. 

For example, patients are frequently put on a zinc supplement to help heal their wounds. In some 

individuals, zinc supplementation creates gastrointestinal discomfort and may interfere with intake 

of other food. Iron supplementation may also cause constipation and gastrointestinal discomfort that 

may interfere with the diet.

In addition, the bioavailability of elemental iron is affected by other dietary nutrients. Correcting 

the pH by drinking orange juice with the iron supplement will change the valence of the iron and 

improve absorption.81 Even under the best conditions, the bioavailability of elemental iron in a 

supplement tablet is only approximately one-tenth the availability of iron bound to the hemoglobin 

molecule.82,83 Providing iron through more normal dietary sources may be more effective than pills 

in some individuals. Liver is an excellent source of iron as is red meat. While there may be some 

concerns about the intake of this food in some patients with hyperlipidemia, in most patients it 

would be an acceptable risk for a short period of time. Liver and meat also provide other complex 

micronutrients and protein.

IX. SUMMARY

Wound healing is a complex process that can place considerable metabolic demands on the host. 

Processes of hemostasis, infl ammation, proliferation, and remodeling require the building blocks of 

all nutrients. Meeting the nutritional demands with normal food sources is diffi cult, and with large 

wounds with associated injury may be impossible. Macronutrient demands are usually met with 

high-quality protein-rich foods if the gastrointestinal tract is working normally. Specifi c supple-

mentation of micronutrients, particularly vitamin C, the B vitamins, and zinc, is often required to 

meet the needs of large wounds.
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37 Breast Cancer

Nutrition to Promote Recovery 
and Diminish Recurrence Risk

Keith I. Block, M.D., and Charlotte Gyllenhaal, Ph.D.

I. INTRODUCTION

There are presently over 2 million breast cancer survivors in the United States [1]. These patients 

undergo intensive surgery, radiation and chemotherapy, and long-term, less-intensive endocrine 

treatments. During intensive treatment, the breast cancer patient is usually under the care of special-

ists. However, patients may see their primary care physicians for scheduled checkups, treatment of 

comorbid conditions, and management of side effects or complications from chemotherapy, surgery, 

or radiation. During long-term endocrine treatment, the primary care physician may see the patient 

more regularly, since hormone-blocking or aromatase inhibitor therapies can continue for years, 

across stages.

Primary care physicians who provide long-term care for breast cancer survivors are well-placed 

to implement nutritional strategies. Recent research in nutrition is leading toward a consensus that 

management of weight, energy balance, and dietary patterns may contribute substantially to breast 

cancer survival, reduce comorbidities, and improve patient well-being.

II. EPIDEMIOLOGY

Research suggests breast cancer is a family of diseases, each of which must be treated distinctively. For 

example, breast cancers that are estrogen receptor (ER) positive are treated with tamoxifen, while those 

that are ER negative receive chemotherapy. A further distinction is made for Her2/neu positive breast 

cancer, which is treated with Herceptin®. Treatment guidelines for breast cancer constitute a complex 

decision tree with very different treatment protocols for different situations. Conventional breast cancer 

treatment is thus becoming increasingly individualized. Genetic classifi cations in breast cancer are 

helpful in the epidemiologic study of nutrition. In the future, nutrition recommendations may be spe-

cifi c to breast cancer subtype, in contrast to the current recommendations, which are more general.

III. PATHOPHYSIOLOGY

While breast cancer treatment has been perceived for many years to be related to nutrition, the rela-

tionships have been controversial. Recent advances in research appear to be clarifying the situation. 

Dietary patterns and caloric intake infl uence infl ammation and insulin responsiveness to ultimately 
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improve breast cancer survival. Fruits and vegetables are phytochemically rich foods and may also 

infl uence outcomes.

DIETARY PATTERNS

The evidence for nutritional impacts on breast cancer is growing, although the effi cacy of nutri-

tional treatment is by no means proven. Rock and Demark–Wahnefried reviewed studies on nutri-

tional variables and survival after breast cancer, based on cohort studies of breast cancer survivors 

[68]. The researchers determined that obesity and dietary fat intake predicted lower survival, and 

that high fruit and vegetable consumption correlated with longer survival. Two large trials of diet 

and breast cancer have recently reported results: the Women’s Healthy Eating and Living (WHEL) 

randomized trial of a low-fat diet high in vegetables, fruit, and fi ber [60, 61], and the Women’s 

Intervention Nutrition Study (WINS) trial of a low-fat diet [15].

The two studies had different outcomes (Table 37.1). In the WINS study, the intervention group 

had a lower risk of recurrence, most signifi cantly in ER negative patients. In the WHEL study, there 

was no difference in breast cancer events or in mortality between the two groups. Different imple-

mentation of the recommended low-fat (20%) diets may explain these results. In the WINS study, 

the low-fat and control groups both started out with diets of 29.6% of calories from fat. By the end 

of the fi rst year, the low-fat group was eating only 20.3% of calories from fat, while the control 

group continued at 29.2%. The fat intake of the low-fat group was 8 to 9 percentage points lower 

than the control group throughout the 5 years of the study. The women in the low-fat group were 

not counseled to decrease calories, but their diet appears to have reduced their caloric intake, since 

they lost approximately 6 pounds relative to the control group by the end of the study. In the WHEL 

TABLE 37.1
Diet Modifi cation Trials in Breast Cancer Patients
Diet Intervention Cancer Stage n Design Outcomes Results Reference

Low-fat, high-fi ber, 

high fruits/

vegetables

Breast, early 

stage

3088 RCT Breast cancer event 

Mortality

0.96

0.91 

[60]

(WHEL)

Low-fat diet Breast, early 

stage

2437 RCT Relapse events, all diet 

patients vs. controls

Estrogen receptor 

negative pts 

0.76 

0.53 

[15]

(WINS)

Diet to support 

10-kg weight loss

Breast, stage 

unclear

54 RCT Recurrence

Cancer mortality

All-cause mortality

4.30

0.38

0.78

[26]*

Diet to support 

10-kg weight loss

Breast, stage 

unclear

48 RCT Recurrence 

Cancer mortality

All-cause mortality

0.61

0.40

0.28

[26]*

Lower calorie, low-fat 

diet

Breast, stage 

unclear

110 RCT Recurrence 0.20 [78]

Protein plus calorie 

supplement

Breast, stage 

unclear

47 RCT Recurrence

Cancer mortality

All-cause mortality

6.50

0.95

1.33

[30]

Note: Results are hazard ratios; ratios less than 1.0 indicate that diet intervention improves survival or other outcome events, 

while ratios greater than 1.0 indicate worse outcome for intervention group.
 * This study reports separately the results of the same diet intervention given in two populations (Dutch and Polish 

patients). Recurrence patterns were different in the two populations, but cancer-specifi c mortality and all-cause mortality 

were both lowered in the diet weight loss groups.
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study the diet intervention group never reached their 15% to 20% fat goal, reaching only 22.7% fat 

by the end of the fi rst year. By the sixth year, their fat intake rose to 28.9%, approximately the level 

of the control group. The fat intake of the intervention and control groups never differed by more 

than 6 percentage points. Although both groups reported reducing their energy intake by over 150 

calories per day, neither group in the WHEL study lost weight. Other factors may also contribute to 

the different results, including a higher proportion of early-stage patients in the WINS study, whose 

disease may be more easily managed by diet than the later-staged patients of the WHEL study.

Table 37.1 also shows some smaller diet intervention studies [26, 30, 78]. Studies that counseled 

weight loss or lower caloric intake generally reduced mortality. A study in which patients were 

given a protein-calorie supplement [30] did not improve survival. Although not a randomized trial, 

we recently reported a median survival of 38 months for a group of metastatic breast cancer patients 

(96% with recurrent disease) receiving chemotherapy at our clinic, which emphasizes a low-fat, 

mostly vegetarian diet along with exercise as part of comprehensive medicine. This suggests that 

further progress can be made in nutritional treatment of even advanced breast cancer [8].

Obesity and weight gain after diagnosis increase the risk of metastasis and reduce survival in 

breast cancer, independently of other factors [51, 58]. Experimental studies of diet in breast cancer 

suggest that controlling weight may improve breast cancer prognosis. Control of weight, however, 

is not infl uenced only by the levels of fat, calories, or carbohydrates in the diet. Patients who are 

overweight or obese, especially if they are undergoing cancer treatment, should be encouraged to 

consult with a nutritionist for meal planning. They should receive regular follow-up to encourage 

healthy weight loss to a normal weight.

Exercise has not always been viewed as appropriate for cancer patients, but observational and 

experimental studies suggest that exercise, along with dietary modifi cation, may be helpful in con-

trolling weight gain, and thus improve breast cancer outcomes [42]. Further, Pierce and colleagues 

in an analysis of the WHEL control group, found that the patients who ate the most fruits and veg-

etables, and exercised the most, had half the mortality rate of those who either ate fewer servings 

of vegetables and fruits, or exercised less [61]. Several studies have shown that weight gain during 

chemotherapy is associated with poor prognosis, and Demark-Wahnefried has reported a pilot study 

of a low-fat diet high in fruits and vegetables paired with exercise as a potential way to help prevent 

weight gain during chemotherapy [25]. With the goal of preventing weight gain coming more into 

focus, encouraging patients to exercise during and after chemotherapy is becoming acknowledged 

as part of the nutritional prescription.

Patients who undertake low-fat or low-calorie diets may lose muscle mass (lean body mass) as 

well as fat, although resistance exercise (strength training) may help to maintain muscle mass [82]. 

Chemotherapy may also provoke loss of lean body mass and increase of fat mass. This change in body 

composition is undesirable since it impairs activities of daily living and reduces immune competence. 

Changes in lean body mass and fat mass can be monitored through body composition analysis [4, 21], 

a tool used by nutritionists and physical therapists. It is also important to maintain adequate protein 

in the diet. In the context of a low-fat diet based largely on plant proteins, suitable protein sources 

include legumes and beans, egg whites, fi sh, and protein supplements including amino acid or whey 

supplements. Where appropriate, traditional foods of global cultures can be used, including seitan 

(wheat gluten) or tempeh (fermented soybeans). Red meat has been associated with breast cancer risk 

and should be avoided [16, 80].

HORMONES, INFLAMMATION, AND INSULIN

Fats both modulate the hormonal milieu and contribute to the infl ammatory potential of the diet. 

Modifi cation of hormonal levels may require major modifi cation of fat intake. It is primarily sat-

urated fats that modulate the hormonal milieu. Low saturated-fat diets may suppress estrogenic 

stimulation of breast cancer growth, and some studies of low-fat or high-fi ber diets have observed 

lowering of estradiol levels. Other studies in healthy women observed that low-fat, high-fi ber diets 
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lowered serum estrogen, although changes were not always signifi cant, and were not maintained 

after intervention periods were concluded [34]. Long-term commitment to dietary change may thus 

be required to alter estrogen levels.

Wallace reviewed the role of nutrition and supplements in modulation of eicosanoid synthesis, 

especially production of prostaglandin E2 (PGE2), a product of the arachidonic acid cascade [84]. 

PGE2 promotes cell proliferation, inhibits apoptosis, and increases angiogenesis and invasiveness 

and may thus contribute to the progression of cancer. Patients with low levels of omega-3 fatty acids 

tend to have higher proinfl ammatory markers, indicated by tests such as C-reactive protein (CRP), 

and lower anti-infl ammatory cytokines [32]. This may affect quality of life as well as cancer pro-

gression. Both persistent fatigue in breast cancer survivors [18] and chemotherapy-related symptoms 

such as anorexia, cachexia, sleep disturbance, and depression [86] have been linked to elevated 

levels of cytokines. However, major dietary changes may be needed to successfully modify levels of 

these markers [76]. These modifi cations have not yet been demonstrated in cancer patients, although 

high intake of trans fatty acids was found to be strongly correlated with such infl ammatory markers 

as plasma CRP, interleukin-6, soluble tumor necrosis factor receptors, E-selectin, and soluble cell 

adhesion molecules in healthy women [49]. Exercise training (stationary bike) has been reported to 

lower CRP in postmenopausal breast cancer patients [31].

Boyd and Kaaks reviewed the impact of insulin and insulin-like growth factors on cancer [11, 44]. 

Obesity and type 2 diabetes, both negative prognostic factors in breast cancer, can result in insulin resis-

tance, which leads to hyperinsulinemia [3]. Goodwin et al. and Borugian et al. observed that elevated 

plasma insulin was associated with increased mortality [37, 10]. Additionally, patients with the highest 

carbohydrate intakes in these studies had an increased mortality. Patients with very low carbohydrates 

also had increased mortality, however, possibly due to excessive fat intake with effects described in the 

previous paragraph. Carbohydrate intake in breast cancer patients should thus be tailored to minimize 

insulin responses. Whole grain intake has a signifi cant inverse association with the metabolic syn-

drome and blood glucose [71]. Diets high in fi ber are usually recommended in insulin resistance [50], 

since fi ber slows the absorption of dietary carbohydrates. Additionally, insulin resistance is shown in 

both epidemiological and intervention studies to be aggravated by saturated fat, while monounsaturated 

fats improve it [66]. Exercise may reduce insulin levels in breast cancer patients [48].

PHYTOCHEMICALS

Rock and Demark–Wahnefried found that that higher fruit and vegetable intakes are associated 

with better survival in breast cancer. This suggests that the numerous phytochemicals in plants may 

improve breast cancer outcomes. Meta-analyses of trials on single antioxidants, however, show that 

single vitamins or phytochemicals do not improve cancer mortality or recurrence [22, 20]. Trials 

of diet change that included increasing vegetable and fruit intake or intake of phytochemical-rich 

foods along with lowering fat also improved outcomes in prostate and skin cancer [6, 24, 59, 73, 79], 

although not adenoma recurrence [47]. The more complex mixtures of phytochemicals contained in 

whole plant foods may thus be needed to improve cancer outcomes. Fruits and vegetables are also low 

in calories, and high consumption can result in lower caloric density in the diet, potentially assisting 

in weight loss (Chapter 19, “Obesity”). In addition to phytochemical effects, diets high in fruits and 

vegetables contribute to a more alkaline internal pH, which may help reduce cancer risks.

Phytochemicals in soybeans and fl ax are of particular interest. The potential impact of soy on 

breast cancer prognosis was recently summarized by Messina and colleagues [53]. Soy isofl avones 

have a molecular structure similar to estrogens, and bind to estrogen receptors. They exert estrogen-

like effects in some experimental conditions. However, genistein and other isofl avones also have 

nonestrogenic activities that inhibit cancer cell growth, making them potentially useful in a variety 

of cancers. There is confl icting evidence regarding isofl avones and breast cancer risk. A protective 

effect is possible for soy exposure in childhood, but little evidence is available regarding soy con-

sumption and breast cancer recurrence [27]. While a defi nitive statement on soy and breast cancer is 
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not possible at this time, most experts feel that modest intake of soy foods as part of the diet is rea-

sonable for breast cancer patients [7], but that soy isofl avone supplements need further evaluation in 

high-risk women and are not recommended for postmenopausal ER positive breast cancer patients 

[53]. To the extent that soy foods replace higher-calorie meats in the diet, they may contribute to 

weight maintenance. Several herbal medicines also have phytoestrogenic effects and should not be 

taken in large amounts by postmenopausal women with ER positive tumors, including licorice, red 

clover, fennel, fenugreek, hops, yucca, alfalfa, and wild carrot. Black cohosh, used for hot fl ashes, 

is not estrogenic but occasional liver damage related to intake has been reported, which may be an 

idiosyncratic reaction. Data on stimulation of breast cancer cell growth and metastasis are confl ict-

ing, but some laboratory studies have shown that extracts or constituents of the plant may inhibit 

breast cancer growth or potentiate effects of chemotherapy agents [28, 29].

Flax is high in lignans, which are both phytoestrogens and a fi ber source that have cancer-

suppressive potential. Breast cancer patients who took fl ax-supplemented muffi ns before diagnostic 

surgery had high levels of apoptosis in cancer cells [81]. A study in healthy postmenopausal women 

examined effects of fl ax- and soy-supplemented muffi ns on the ratio of 2-  hydroxyestrone, a less can-

cer-stimulating estrogen metabolite, to 16-alpha hydroxyestrone which is more cancer-stimulating. 

Flax increased relative amounts of 2-hydroxyestrone signifi cantly whereas soy and placebo did not; 

serum levels of estradiol and estrone were unchanged by the supplements [12].

Additional phytonutrients are diindolylmethane (DIM), which may increase Taxotere® effects 

[65], and indole-3-carbinol (I3C), which increases 2-hydroxyestrone relative to 16-alpha-hydroxye-

strone [2].

MINERALS AND VITAMINS

Iodine occurs in dietary seaweeds, which are consumed frequently in Asia where breast cancer 

rates are low, and is attracting attention for its anticarcinogenic effects. Breast cancer patients 

have been observed to have lower tissue iodine levels than normal controls. Seaweeds, also called 

sea vegetables, have anticarcinogenic properties and promote apoptosis in cancer cells in labo-

ratory analyses [77]. Optimal thyroid function requires iodine, and is important in maintaining 

muscle mass and improving body composition. Maintaining normal iodine levels may thus be 

important for breast cancer patients. Sea vegetables are encouraged in some alternative cancer 

diets, but not all patients fi nd them palatable. Patients undertaking low-fat vegetarian or vegan 

diets may inadvertently reduce their iodine intake beyond the Recommended Daily Allowance of 

150 μg/day by avoiding seafood, milk, egg yolks, iodized salt and other iodine sources, while eating 

large amounts of cruciferous vegetables or soy, which can depress iodine absorption. Iodized salt or 

iodine-containing supplements can optimize iodine status.

Vitamin D is currently of interest in reducing cancer risk and improving prognosis for several 

cancers, including breast cancer. Studies of vitamin D and breast cancer prevention have been nota-

bly inconsistent [70, 5]. Norwegian studies of breast cancer patients, however, reveal interesting rela-

tionships of breast cancer prognosis with solar radiation levels. Norway can be divided into regions 

of different solar radiation levels based on a north–south gradient [63, 67]. One study found a sig-

nifi cant geographical gradient in prognosis from areas of low to high solar radiation. Another study 

observed that patients diagnosed and treated in summer, when sun exposure is highest, have better 

prognoses than those diagnosed in winter. Low vitamin D levels may be associated with insulin 

resistance in polycystic ovary syndrome [41], and with a proinfl ammatory state [56], both of interest 

in breast cancer.

IV. PHARMACOLOGY

Dietary supplements can both be sources of potential drug interactions with cancer treatments, and, 

when carefully selected, may present useful adjuncts to cancer treatments. We will discuss these 
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positive and negative interactions by the type of treatment involved. Additionally, some chemo-

therapy agents deplete important vitamins or minerals; such depletion may be addressed through 

diet or supplementation in some cases.

Oncologists express concern about the use of dietary supplements concurrently with chemo-

therapy. Antioxidants in particular are thought to be potentially useful in ameliorating chemo-

therapy side effects, but there is concern that they may counteract the therapeutic effects of some 

chemotherapy drugs, which have free-radical-based mechanisms of action. We recently reviewed 

randomized trials in which various antioxidants were given concurrently with such chemotherapy 

agents, and did not fi nd evidence for diminished tumor response or survival from such combina-

tions, although the trials involved were small and of lower quality. Antioxidants also appeared to 

diminish a variety of side effects, suggesting that evidence to date leans toward the use of antioxi-

dants with chemotherapy [9]. A review of antioxidants and radiation therapy found several small 

trials that showed potential positive effects [57].

A large trial of beta-carotene and vitamin E supplements during radiation therapy for head and 

neck cancer observed excess recurrence and mortality risks with supplements, but improved side 

effects. Later analysis, however, showed that excess risks of recurrence and mortality were all among 

those patients who smoked tobacco during supplementation [54]. Analysis of dietary intakes and 

plasma beta-carotene showed that patients who had higher dietary beta-carotene intake had lower 

incidence of adverse radiation effects, and those with higher plasma levels had lower rates of recur-

rence [55]. An additional complication in this study was that the vitamin E intake was in the form 

of alpha tocopherol, which is but one of eight forms of vitamin E contained in vitamin-E-rich foods 

such as nuts, seeds, and cooking oils. Supplemental dosing of alpha tocopherol alone suppresses 

levels of other vitamin E forms [87]. Supplemental vitamin E should be as mixed tocopherols and 

tocotrienols in proportion to the ratios in food. In sum, a study using alpha tocopherol as the sole 

vitamin E form is not applicable to concentrated food sources or quality supplements.

Some chemotherapy agents used in breast cancer deplete critical nutrient stores. Vitamin or min-

eral supplements may be useful in avoiding defi ciencies, although specifi c evidence is not available 

in most cases. The most likely potential interactions are the following:

Adriamycin—ribofl avin and possibly iron.• 

5-fl uorouracil—niacin and thiamin.• 

Cisplatin used in some protocols for relapsed metastatic disease—magnesium, potassium, • 

zinc, l-carnitine. Intravenous magnesium supplementation is commonly used with cispla-

tin due to the severe defi ciencies it causes.

Methotrexate—folate. Here supplementation should be avoided during treatment unless • 

prescribed by an oncologist, due to the potential to interfere with methotrexate’s mecha-

nism of action.

Extended periods of nausea, vomiting, and diarrhea during chemotherapy may cause multinutri-

ent defi ciencies. Supplementation or careful dietary adjustments may need to be undertaken during 

or after chemotherapy for patients who experience poor control of these side effects.

St. John’s wort is well known for causing pharmacokinetic herb-drug interactions based on its 

induction of the cytochrome P450 isoenzyme 3A4, which can cause the many drugs metabolized by 

this enzyme to drop to subtherapeutic levels in the blood [14]. St. John’s wort should be avoided dur-

ing chemotherapy and related therapies due to the many drugs these protocols involve. Additional 

herb and food interactions with drugs are shown in Table 37.2 [38–40].

Anticoagulant herbs may affect both patients who have low platelet counts due to chemotherapy 

and those who are taking warfarin, given to cancer patients to prevent thrombosis. For patients 

taking warfarin, which has a narrow therapeutic index and is prone to drug interactions, the use of 

these anticoagulant herbs is problematic, as is the ingestion of foods that contain large amounts of 
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vitamin K. This may become clinically relevant for cancer patients who frequently consume leafy 

green vegetables as part of a low-fat diet or drink beverages based on green vegetables often called 

“green drinks.” If patients take anticoagulant foods and supplements consistently, warfarin dose can 

be adjusted to account for dietary characteristics, since INR is monitored regularly.

Selected herbs and supplements have the potential to reduce chemotherapy and radiation therapy 

side effects, as shown in randomized and open-label trials (Table 37.3). The medication Gelclair® 

combines a licorice phytochemical with hyaluronic acid and a bioadherent gel to assist the two 

compounds in adhering to the gums as a strategy to decrease mucositis. Milk thistle may be consid-

ered as a hepatoprotector in patients with existing liver damage who undergo breast cancer chemo-

therapy or who experience marked abnormalities in liver function tests [64]. Taxanes, Adriamycin®, 

and the CMF chemotherapy regimen have some potential to cause hepatotoxicity [46]. High doses 

of melatonin (20 mg/day at bedtime) have been demonstrated for some chemotherapy protocols to 

improve survival and decrease chemotherapy side effects, but the protocols in which it is useful for 

breast cancer are not well-defi ned.

V. COMORBID CONDITIONS

Obesity, type 2 diabetes, and cardiovascular disease are all important comorbidities in breast can-

cer. Cardiovascular disease is especially relevant in postmenopausal patients with early stage breast 

cancer who have completed treatment and are in remission. Dietary patterns that may raise risks of 

breast cancer recurrence are the same ones that increase cardiovascular risks. Additionally, patients 

who incur cardiotoxicity from Adriamycin® or Herceptin® will need closer monitoring and perhaps 

medication.

TABLE 37.2
Supplements and Foods That Induce or Inhibit Cytochrome P450 Isoenzymes 
Relevant to Drugs Used in Breast Cancer Treatment

Pharmacokinetic Interactions

CYP450 isoenzyme induced or inhibited 
by foods or supplements

Breast cancer medications metabolized by 
CYP450 isoenzyme

CYP450 3A4
Goldenseal Emend®

Grapefruit Decadron®

Star fruit Taxol®

St. John’s wort Taxotere®

CYP450 1A2
Cruciferous vegetables Zofran®

Char-grilled meat Warfarin

Echinacea

CYP450 2D6
Goldenseal Zofran®

 Tamoxifen

Source: [33].

Note: Not all potential interactions have been shown to be clinically relevant. Grapefruit interactions 

apply only to medications taken orally.
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Cancer treatment can cause bone loss and increase patients’ risks for osteoporosis. Chemotherapy 

or endocrine therapies may cause loss of ovarian function in premenopausal women; therapy with 

aromatase inhibitors can also raise risks of osteoporosis. The use of an alkaline diet high in fruits 

and vegetables is relevant to both reducing risk of cancer recurrence and helping to control osteopo-

rosis. Low vitamin D levels, which are widespread in breast cancer patients, may also contribute to 

excess bone loss, with or without aromatase inhibitor treatment [35].

VI. PATIENT EVALUATION

As part of the physical examination at the primary care visit, weight should be monitored and body 

mass index (BMI) calculated. Since breast cancer recurrence rates increase markedly at higher 

BMIs, control of weight is a primary area of intervention. Body composition analysis is particularly 

important for the patient who loses or gains weight during chemotherapy. Patients may be at risk for 

loss of muscle mass due to inactivity and loss of appetite from chemotherapy drugs. This can lead to 

losses of lean muscle and gains in fat mass. Patients should engage in some type of strength exercise 

to avoid losing muscle mass; loss of fat mass, however, is entirely appropriate for the overweight 

patient. Advanced cancer patients are at higher risk of weight loss due to cachexia, an infl ammatory 

condition that triggers a loss of muscle tissue. Although cachexia is less common in breast cancer 

than in gastrointestinal and lung cancers, it can occur in some patients.

Ongoing assessment of infl ammation and blood glucose is also recommended and will assist in 

managing cardiovascular disease risks as well as cancer. C-reactive protein (healthful levels <1.0), 

erythrocyte sedimentation rate (healthful level 0 to 30 mm/hour), and fi brinogen (healthful level 

<300 mg/dL) are basic infl ammatory measurements. Abnormally high infl ammation can be addressed 

pharmaceutically, or by optimizing the omega-6 to omega-3 ratio and avoiding trans fats, and with 

herbal supplements such as boswellia, curcumin, and bromelain. Elevated fasting blood glucose, or 

an oral glucose tolerance test, along with hemoglobin A1C, are useful to screen nondiabetic patients 

for poor glucose tolerance, which could suggest insulin resistance and elevated insulin levels.

TABLE 37.3
Supplements With Potential to Relieve Chemotherapy and Radiation Side Effects

Condition
Herb or
Nutrient Contra-indications Evidence Dosage Reference

Delayed nausea 

and vomiting

Ginger Low platelet counts; 

warfarin

RCT 500 mg dried 

powder every 

4 hours

[52]

Fatigue L-carnitine None Open label 

trials

500 mg/day [13]

Fatigue Ginseng 

(Korean or 

American)

ER + tumors 

(though this may 

depend on extract 

type); take in AM

Small trials in 

noncancer 

patients

1–2 g/day [45]

Cardiotoxicity from 

Adriamycin®

Coenzyme 

Q10

None Small trials 60–200 mg/day [19]

Mucositis/

stomatitis

Glutamine None RCTs 0.5 g/kg/day 

“Swish and 

swallow”

[17]

Mucositis/

stomatitis

Acetyl-l-

carnitine

Epilepsy, bipolar 

disorder

RCTs 500 mg tid [23, 72]

Radiation skin 

reaction

Calendula Allergy to plants 

in daisy family

RCT Calendula 

ointment 1X, 4%
[62]
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VII. SPECIAL CONDITIONS

BONE METASTASES

Recommendations to use diet and exercise to achieve or maintain normal weight apply to patients 

with bone metastases as well as to other patients. However, referral to a physical therapist may be 

warranted to help the patient develop safe exercise routines. For instance, high-impact exercises 

should be avoided, and exercises such as some yoga positions that involve twisting the spine should 

not be attempted by patients with spinal metastases.

CARDIOMYOPATHY

Patients with cardiomyopathy from Adriamycin® or Herceptin® also need exercise, but should be 

advised that interval training, in which short periods of exercise alternate with rest, may prevent 

exhaustion or stress on the heart and are thus preferable to continuous aerobic training. Nutrients 

involved in ATP production, including ribose, coenzyme Q10, l-carnitine, and magnesium, have 

been shown to effectively augment pharmacologic management. The herb hawthorn may be used 

for symptom management [43].

NEUROPATHY

Peripheral neuropathy is a dose-limiting toxicity of taxane treatment, which is commonly used in breast 

cancer. Up to 88% of Taxol patients may experience mild or moderate neuropathy. Nontraditional 

therapies for taxane neuropathy are based on those used for diabetic neuropathy. Evening primrose 

oil and α-lipoic acid have been subjected to trials in diabetes, but only case reports exist to indicate 

the potential effectiveness of α-lipoic acid in taxane-induced neuropathy [69].

HOT FLASHES

Hot fl ashes and night sweats are common in breast cancer patients with oophorectomy- or chemo-

therapy-induced menopause and in those taking tamoxifen. Management of hot fl ashes in ER positive 

breast cancer can be perplexing because of the need to avoid hormone therapy. Supplemental doses of 

black cohosh have yielded mixed results on effi cacy and safety [83]. Gold and colleagues analyzed diet 

composition and hot fl ashes in women in the WHEL study [36]. Higher severity of symptoms was asso-

ciated with increased BMI and smoking, while lower severity was associated with high fi ber intake.

LYMPHEDEMA

Arm lymphedema following surgical removal of lymph nodes as part of diagnostic assessment is 

particularly problematic for obese patients. Recent small trials have indicated that weight loss is 

likely to help manage lymphedema [74, 75].

CACHEXIA

Cachexia is rare in early-stage patients but may occur in late-stage patients. Cachexia is now 

acknowledged to be in part an infl ammatory condition, and supplementation with fi sh oil as part 

of an overall anti-infl ammatory diet, or use of specifi c medications may be useful. The diet should 

contain higher levels of healthful fats, proteins, and other calorie-dense foods.

VIII. SUMMARY

Intensive chemotherapy treatment or long-term endocrine treatment of breast cancer is • 

now individualized according to disease characteristics and stage.
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Women who adhered to a low-fat diet and mildly reduced caloric intake had a reduced • 

risk of disease recurrence, especially among ER-negative patients in a large recent study 

(WINS).

Exercise is safe for breast cancer patients and may be needed in addition to reduction of • 

caloric intake in order to lose or maintain weight and preserve lean mass. Patients with bone 

metastases and those who have not previously been physically active should be referred to 

a physical therapist to develop appropriate exercise regimens.

Combining diet and exercise to maintain normal weight, or to lose weight for patients who • 

are obese or overweight, is likely to improve prognosis. Gaining weight, especially during 

chemotherapy treatment, worsens prognosis.

Diets low in saturated, • trans, and omega-6 fats, and high in fi ber such as that from whole 

grains, are likely to reduce levels of estrogen, infl ammation, and insulin resistance, all of 

which may promote cancer growth.

Nutrient defi ciency states of micronutrients should be evaluated and treated. Two nutrient • 

defi ciencies that can potentially exacerbate breast cancer are vitamin D and iodine.

St. John’s wort and a few other herbal supplements and foods listed in Table 37.2 alter the • 

pharmacokinetics of pharmacologic agents used for breast cancer treatment. Clinicians 

should be aware of potential herb- and food-drug interactions.

Certain herbs and nutrients taken in supplemental doses may alleviate side effects of can-• 

cer treatment (Table 37.3). These include glutamine [85], calendula, l-carnitine, acetyl-l-

carnitine, hawthorn, coenzyme Q10, and ginger.

Obesity, cardiovascular disease, and diabetes are all common comorbid conditions with • 

breast cancer, and should be managed appropriately, especially in light of the cancer-stim-

ulating effects of weight gain and insulin resistance, and the possible cardiac effects of 

Herceptin® and Adriamycin®.

Aromatase inhibitors and ovarian ablation (surgical or chemotherapy related) may cause • 

osteoporosis, and patients should receive appropriate dietary counseling to maintain bone 

health.

Patient evaluations should include weight, BMI, and referral to a dietitian and/or physical • 

therapist for weight management if needed. C-reactive protein, erythrocyte sedimentation 

rate, and fi brinogen are appropriate measures for infl ammation. Fasting blood glucose, glu-

cose tolerance, and hemoglobin A1c are appropriate measures for detecting risk of insulin 

resistance.

A low-fat, plant-based diet can be recommended, emphasizing monounsaturated and • 

omega-3 fats, fi ber-rich whole grains, high vegetable and fruit consumption, and protein 

primarily from plant sources, fi sh, and egg whites. Fiber intake of approximately 30 g/day 

can be considered. Soy foods (not supplements) are recommended for use 2 to 3 times 

per week. Patients should minimize or eliminate refi ned fl ours and sugars, low-fi ber or 

high-fat prepared foods. Caloric intake should be commensurate with need to lose, gain, 

or maintain weight.
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38 Cervical Cancer 

Care and Prevention With 
Nutritional Medicine

Cindy A. Krueger, M.P.H., and Ron N. Shemesh, M.D.

I. INTRODUCTION

No other public health cancer prevention tool has made more of a difference than the PAP smear. 

Since the introduction of the Papanicoulau (Pap) smear in 1941, this screening tool has reduced the 

incidence of cervical cancer in the United States by 75% and the death rate continues to decline 

by 4% a year [1]. Cervical cancer is one of the few cancers with well-defi ned precancerous stages, 

allowing for successful treatment with early detection and diagnosis [2–3].

Treatments for cervical cancer include surgery, radiation, and chemotherapy. There is mounting 

biologic and clinical evidence that another powerful treatment is secondary prevention and cellular 

therapy through nutrition and lifestyle interventions. This chapter probes the biologic basis of food 

and nutrient interventions applicable to clinical care for cervical cancer.

II. EPIDEMIOLOGY

Worldwide, cervical cancer ranks fi fth for cancer mortality in women [4]. In 2006 an estimated 

10,000 women in the United States will have been diagnosed with cervical cancer and nearly 4000 

will die from it [5]. Estimated new cases of cervical cancer in 2008 is 11,070 and deaths, 3870 [6].

The major risk factor for the development of pre-invasive or invasive cervical carcinoma is infec-

tion with the human papillomavirus (HPV). HPV DNA is detected in virtually all cervical cancers, 

with HPV subtypes 16, 18, and 31 identifi ed most frequently. Other signifi cant risk factors include 

oral contraceptive use, smoking, multiple sex partners, and nutritional defi ciencies (see Table 38.1) 

[7–15].

III. PATHOPHYSIOLOGY

HPV has been shown to play a vital role in the development of cervical cancer precursors. While 

HPV DNA is detected in the majority of cervical cancers, with HPV subtypes 16, 18, and 31 identi-

fi ed most frequently, only a small fraction of those infected eventually develop cancer. It is therefore 

clear that additional factors contribute to the progression of cervical cancer.

Oncoproteins produced by the HPV virus genes, when integrated into human cell genes, are 

known to cause a variety of genetic alterations with the most common being changes in the human 
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p53 tumor suppressor gene. Such genetic alterations can result in uncontrolled progression of the 

cell cycle. When the genetic alterations are coupled with other epigenetic factors such as envi-

ronmental, chemical, and other stress factors, they can impact alterations in other cellular func-

tions that enable transformation of benign cells into malignant ones [16]. Epigenetic modifi cations 

of cellular DNA can cause changes in gene expression that are potentially reversible molecular 

events.

Pap smear and HPV testing have been effective as a screening tool because of the frequent lack 

of any obvious symptoms or clinical features in the early phases of cervical neoplastic disease.

Since food and nutrients provide the substrate for a variety of physiologic processes that include 

DNA repair, regulation of cell growth, and immune and hormone modulation, nutritional interven-

tions can assist in reversing the impact of epigenetic factors.

Folate, also known as vitamin B9 and folic acid, protects against cervical cancer based on its 

roles in DNA synthesis and in repair of damaged DNA [17–18]. Folate is involved in DNA methyla-

tion, through which it may infl uence gene stability and expression. Folate utilization increases dur-

ing pregnancy when required for rapidly growing fetal cell DNA.

The cells that form the cervical epithelium respond to hormonal changes, especially those that 

would signal pregnancy or an environment nonconducive to pregnancy. Oral contraceptives can 

send epithelial cells the wrong signal, particularly about DNA methylation and the need for folate. 

This appears to be the emerging biologic basis for the association between long-term use of oral 

contraceptives and cancer of the cervix [19].

Since 1973, studies have shown the relationship between folate and pathogenesis of cervical can-

cer. Some Pap smears refl ect folic acid defi ciency rather than cervical dysplasia. It has been hypoth-

esized and observed that oral contraceptives block the effects of folic acid within cells. Even though 

serum levels of folic acid may be normal, the level within the cells of the cervix may be lower than 

normal [20–21]. Using folic acid reversed megaloblastic changes in the cervical epithelium that 

were associated with oral contraceptive use [22–23].

There has been a considerable amount of emphasis placed on folate, and folate’s role in the syn-

thesis, repair, and methylation of DNA intertwined with the metabolic functions of vitamin B12. 

TABLE 38.1
Risk Factors in Cervical Cancer

Risk Factors in Cervical Cancer Implications

Age Risk rises with age; second most common cancer in women under 

age 35.

Pap smear abnormality Most widely used preventive screening tool.

Smoking Risk is twice as likely as nonsmokers.

Multiple sex partners Sexual intercourse before age 18, multiple sex partners, or bearing a 

child before age 16 promotes a higher-than-average risk of developing 

cervical cancer.

Oral contraceptives Long-term use (over 5–9 years) increases risk, depletes body of folic 

acid, vitamin B6, and vitamin B12.

Vitamin defi ciency Higher risk for those defi cient in beta carotene, lycopene, canthaxanthin, 

alpha tocopherol, folic acid, and vitamin D3.

Human Papillomavirus infection Primary risk factor. Only a very small percentage of women infected 

with untreated HPV will develop cervical cancer.

Immunosuppression Immune system plays a vital role in destroying cancer cells and slowing 

their growth to other organs.

Human Immunodefi ciency Virus infection Compromises the immune system. A weakened immune system may 

cause cervical cancer to develop at a more rapid pace.

TAF-67621-08-0801-C038.indd   618TAF-67621-08-0801-C038.indd   618 12/19/08   7:40:35 PM12/19/08   7:40:35 PM



Cervical Cancer  619

Both are cofactors for methionine synthase, which is the catalyst for the conversion of homocysteine 

to methionine and also controls the regulator of cellular folate uptake [24–25].

Homocysteine produced during methionine metabolism could be associated with increased risk 

of cervical cancer. Homocysteine elevation suggests folate and B12 levels inadequate for optimal 

metabolism since both folic acid and vitamin B12 are inversely associated with homocysteine con-

centrations, which are a potential marker for cervical cancer and optimal protection against DNA 

damage [26–27]. Even when serum folate and B12 levels are within the normal range, homocysteine 

may be elevated and may respond to supplemental dosing of these B vitamins. Normal serum vita-

min levels may differ from optimal levels and may not refl ect intracellular metabolism.

Defi ciency of B vitamins impairs the liver’s ability to inactivate excess estrogens and break down 

xenoestrogens, thereby exposing hormone-responsive cervical epithelial cells to excess estrogen 

and xenoestrogens.

Women with low dietary intakes of vitamins B1 (thiamine), B2 (ribofl avin), B12 (cobalamin), and 

folic acid may be more at risk of developing cervical dysplasia [28]. The fi ndings suggest that increas-

ing the intake of these vitamins may help prevent the development of cervical cancer. Defi cient lev-

els of CoQ10 and vitamin E have also been shown in women with cervical cancer [29].

Phytonutrients, also known as phytochemicals, are natural bioactive compounds found in fruits 

and vegetables that work together with vitamins, minerals, and fi ber to promote good health. They 

have been shown to help the body contain and eliminate microbial infections. Women whose diets 

are higher in vegetables containing lycopene and who have higher cis-lycopene in the blood were 

more than 50% less likely to have long-lasting HPV infections. The signifi cant drop in HPV infec-

tions would suggest a lower likelihood of developing cervical cancer with a lycopene-rich vegetable 

diet [30].

Increasing evidence suggests that high intake of Brassica vegetables, better known as crucifer-

ous vegetables, may also help prevent cancer [31, 32]. These vegetables are from the plant fam-

ily Brassicaceae (formerly called Cruciferae) and include cabbage, broccoli, bok choy, brussels 

sprouts, caulifl ower, kale, kohlrabi, mustard, rutabaga, and turnips.

One of the anticancer nutrients found in cruciferous vegetables is glucosinolates [33]. 

Glucosinolates are rich sources of sulfur-containing compounds. When chewed or chopped and 

digested, these vegetables contain a kind of phytochemical known as isothiocyanate(s) shown to 

stimulate the body’s ability to break down potential carcinogens. They work by preventing the 

transformation of normal healthy cells into cancerous cells [34, 35].

Another class of nutrients are indole-3-carbinol (I3C) and diindolylmethane (DIM). These are 

critical components in the chemopreventive effects of crucifers because they affect the action of 

enzymes within the body, thus infl uencing the way the body deals with potential carcinogens 

[36].

Current research suggests that I3C alters the way in which the liver processes hormones, like 

estrogen, and environmental toxins [37, 38].

The British Journal of Cancer reported that genistein (a soy isofl avone) and I3C enhance DNA 

repair, partially explaining the ability of increased vegetable intake to reduce cancer risk. The study 

is also among the fi rst to discover a cellular explanation for the correlation between increased veg-

etable intake and reduced risk of cancer [39].

A Pap smear detects cervical intraepithelial neoplasia (CIN), which is not cancer but the fi rst 

of the cellular changes that may develop into cancer. In mild dysplasia (CIN I) a “watch and wait” 

approach is recommended. In a report from Dartmouth Medical School, as many as 60%–80% of 

mild dysplasia cases will return to normal without further treatment [40].

CIN stage II represents moderate dysplasia and is confi ned to the basal epithelium. CIN stage III 

is considered severe dysplasia and is often referred to as cervical carcinoma in situ [41].

In another study researchers treated CIN in stages II and III of its development with a substance 

extracted from the Brassica family. When this substance was administered during the course of 

only 12 weeks, between 40% and 50% of cancers disappeared [42, 43].
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In a placebo-controlled human trial, 200 mg/day of I3C resulted in complete regression of cervi-

cal precancerous growth in four of eight patients, and 400 mg/day resulted in complete regression 

in four of nine patients. In the placebo group, no patients had complete regression [44].

Indole-3-carbinol appears to work in several ways. It helps to convert estrogen to a less can-

cer-promoting form, 2-hydroxyestrone, which is less active than estradiol, so when it occupies the 

estrogen receptor site, it effectively blocks estradiol’s strong “grow” signals, and partially blocks 

the effects of estrogen on cells. It directly kills or inhibits cancer cells, and reduces levels of free 

radicals, which can promote cancer by damaging DNA [45–48].

Vitamin A as both retinol and beta-carotene have been examined for their role in how they may 

prevent or reverse cervical dysplasia. Applying trans-retinoic acid topically to the cervix resulted 

in up to a 50% complete reversal of cervical dysplasia in Phase II and Phase III clinical trials. 

Vaginal and vulvar side effects of this treatment were mild and reversible at the end of treatment. 

Results like these may suggest this is a viable treatment option for cervical dysplasia. Vitamin A 

and its natural and synthetic derivatives (retinoids) modulate the growth of cervical cells, slowing 

growth and enhancing maturation of cells. This can play a vital role in the prevention and reversal 

of cancers [49].

With the use of an oral application, 30 patients with mild or moderate cervical dysplasia were 

treated with 30 mg of beta-carotene for up to 6 months. More than 70% of patients showed reversal 

of their condition by 6 months, but only 3 months were required to realize optimal reversal of this 

condition as suggested by serum beta-carotene levels and measurement of shed cervicovaginal cells, 

which were highly correlated [50].

Women at high risk for developing cervical cancer or diagnosed with cervical cancer had signifi -

cantly decreased levels of the polyphenolic compounds found in foods, namely beta-carotene, lyco-

pene, canthaxanthin, and alpha tocopherol compared to the controls according to one study. Present 

fi ndings support an association between decreased antioxidant nutrient levels and cervical cancer, 

according to researchers at Albert Einstein College of Medicine in New York. They hypothesized 

that the free-radical-fi ghting ability of these nutrients is responsible for their role in cervical cancer. 

Researchers suggest that these antioxidants prevent mutational changes to DNA, the basic building 

blocks of life, that would predispose the body to cancer [51].

IV. PHARMACOLOGY

Several prescription medications have side effects of blocking the uptake, impeding the utilization, 

and increasing the demand for and promoting the excretion of folate [52–55]. See Table 38.2.

V. PATIENT EVALUATION AND DIAGNOSTICS

In the process of evaluating a patient’s cervical health, various indicators of low B vitamin status may 

present themselves. The clinician familiar with these indicators can follow up with evaluation.

A patient history may include a nutrient-poor diet, medical conditions associated with low B 

vitamin status, and medications such as those in Table 38.2 that adversely infl uence B vitamin 

status. Inadequacies in the folate cycle go beyond cervical dysplasia risk, and include neural tube 

defects, pediatric developmental problems, psychiatric and neurological problems, and cardiovas-

cular functioning.

Physical exam fi ndings may also point to inadequate B vitamin status. The tongue evaluation is 

a helpful diagnostic tool. Defi ciencies of niacin, ribofl avin, pyridoxine, folic acid, or vitamin B12, 

resulting from poor diet or from the administration of antagonists, may cause a sore, beefy-red 

tongue without a coat. In the chronic vitamin defi ciency state, the tongue may become atrophic and 

smooth. Ribofl avin defi ciency can also cause cheilosis or fi ssuring at the corners of the mouth [56].

A routine complete blood count (CBC) may indicate macrocytic anemia as result of B12 or folate 

defi ciency. Elevated mean cell volume (MCV) and low hemoglobin should also be noted.
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Any of these fi ndings may prompt laboratory evaluation for folate and B12. Serum folic acid 

can detect folate defi ciency, but a normal level of folate does not confi rm adequate folate for DNA 

repair. A B12 serum level is used to eliminate the possibility of a megaloblastic anemia due to B12 

defi ciency and as a baseline level prior to folic acid supplementation. However, just as in the case 

of folic acid levels, one may have defi cient B12 levels in certain tissues with decreased functioning 

despite normal serum levels of B12.

Therefore, one can measure methylmalonic acid in the serum, which rises in response to unmet 

B12 needs, and is therefore considered a most sensitive test of B12 function in the body [57, 58].

Individuals in the early stages of folate defi ciency may not show obvious symptoms, but blood 

levels of homocysteine may increase. Homocysteine is considered to be a crucial marker for mea-

suring adequacy of the tetrahydrofolate cycle with formation of S-adenosyl-metionine (SAM) the 

active methylating agent for a variety of critical biomolecules including neurotransmitters, steroid 

hormones, phospholipids, and nucleic acids [59]. Optimal levels range between 5 to 8 micromol 

per liter. Homocysteine levels can be reduced with B vitamin complex supplementation. In these 

circumstances homocysteine may serve as a marker of suboptimal folate and B12 even if serum 

vitamin assays are within the normal ranges. This can occur because the normal range and optimal 

range differ and because serum levels do not always refl ect intracellular processes.

VI. TREATMENT

Precancerous lesions occur at the highest rates among women of childbearing age. Because subop-

timal nutrient levels are often associated with neoplasia, the opportunity to implement nutritional 

interventions in the treatment of neoplasia can have a positive impact on other medical conditions 

TABLE 38.2
Drug/Folate Interactions

Drug Category Interactions/Side Effects

Analgesics Increased urinary excretion and reduced blood levels of folate, particularly in 

rheumatoid patients and those with arthritis; aspirin depletes folic acid by 

displacing bound serum folate.

Antacids Inhibits absorption with prolonged intake and may cause low or defi cient 

plasma and erythrocyte levels of folacin.

Beta blockers Folate is essential for the metabolism of the atherogenic amino acid 

homocysteine. The reduction of plasma and erythrocyte folate concentrations 

is also associated with a moderate hyperhomocysteinemia. Moderate 

hyperhomocysteinaemia is an independent risk factor for cardiovascular 

disease which may be causal.

Calcium channel blockers Folic acid lowers levels of homocysteine.

Antidepressant drugs/SSRIs Folic acid may improve action of the drug or decrease the need entirely.

Antibotic therapy Disrupts normal gastrointestinal fl ora, interferring with reabsorption 

of folic acid.

Oral contraceptives Impairs folate metabolism and depletes serum levels of vitamin B vitamins, 

zinc, and magnesium.

Diuretics Inhibits enzyme necessary for folic acid synthesis, depletes folic acid, and 

increases homocysteine levels.

Anti-infl ammatory Decreases absorption of folic acid; competitively inhibits the enzymatic 

synthesis of folic acid.

Anti-seizure Decreases serum folate and absorption.

Antibacterial Mild folate antagonist and may create a defi ciency with long-term use.

Anti-hyperlipidemia Depletes folic acid due to poor absorption.
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that share associated nutritional defi ciencies in this and older age groups. Birth defects, breast can-

cer, and infections are positively affected by nutritional interventions.

DIET AND LIFESTYLE

The American Institute for Cancer Research (AICR) has become the nation’s leading organiza-

tion pursuing the link between diet/physical activity and cancer and the prevention and treatment 

of cancer. Because cancer is not restricted to developed and industrialized countries, the AICR 

is creating partnerships with affi liates around the world to create higher standards of living in 

order to decrease the incidence of not only cancer but also heart disease and diabetes. A portion of 

Table 38.3 has been derived from the AICR recommendations.

The following cancer prevention interventions can be incorporated into medical management 

recommendations [60–62]. See Table 38.3.

SUPPLEMENTAL NUTRIENTS

Correction of nutritional defi ciencies with improvement in cellular immune and antioxidant pro-

tection using potent nutrients can be obtained from whole foods, fresh vegetables and fruits, and 

supplements [63].

A supplement protocol can be incorporated based on the level of cervical disease where a more 

advanced disease would call for inclusion of more supplements with the higher suggested doses [64].

TABLE 38.3
Lifestyle Recommendations for Cancer Prevention

Behaviors Lifestyle Changes

Be as lean as possible Maintain a healthy weight based upon BMI recommendations and 

waist-to-hip ratio.

Exercise Include aerobic conditioning, strength training, fl exibility, and 

stretching.

Avoid sugary drinks and processed foods Avoid soft drinks and fl avored drinks. Pure water (non-municipal 

supply) is the best alternative along with natural fruit and vegetable 

drinks, unsweetened tea and coffee. Avoid boxed and processed foods. 

Eat plant-based foods.

Eat a variety of vegetables, fruits, whole grains, 

and beans

A variety of vegetables, fruits, whole grains, and beans contain fi ber 

necessary for normal gastrointestinal function.

Limit consumption of red and processed meats Avoid processed meats that contain preservatives known to contain 

cancer causing substances. Limit red meats but consume meats from 

grass-fed animals. 

Consume alcohol in moderation Modest amounts of alcohol have health protective factors.

Limit high amounts of sodium Avoid processed foods where most salt in the diet originates.

Use supplements Begin with a diet of nutrient rich whole foods. Consume supplements 

not only for defi ciency but for optimal health.

Breastfeed exclusively for 6 months Breastfeeding decreases risk of cancer in mother, protects the child 

from obesity later in life, and increases antibodies in both.

Avoid environmental toxins Avoid tobacco, phthalates, plastics, herbicides, pesticides, or any 

synthetic chemicals.

Avoid trans fats/hydrogenated oils Consume good essential fatty acids, omega-3s, 6s, and 9s in the form of 

cold-pressed unrefi ned olive oil and other nut oils, nuts, avocados, and 

fl axseed.
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Vitamin B complex—50 mg bid. A vitamin B complex should include B6 10 to 50 mg/day, • 

B12 800 to 1000 μg/day, and ribofl avin 1.5 mg/day.

Indole-3-carbinol—200 to 400 mg/day. It is preferable these nutrients are taken at bedtime • 

in order to support the body’s circadian rhythm [65].

Vitamin A—50,000 IU for 3 weeks, then switch to beta-carotene 30,000 IU daily.• 

Vitamin C—dose to bowel tolerance (loose stools). While there is no consensus on the • 

dose of vitamin C, it can be recommended as there has been some evidence to suggest that 

it can play a role in both CIN and cervical cancer [66]. An inverse association was found 

between dietary vitamin C and CIN in this case-control study of biopsy confi rmed CIN 

patients [67].

Natural vitamin E—400 IU mixed tococopherols and tocotrienols.• 

Folic acid—400 μg to 5 mg daily preferably as folinic acid form, which the body can • 

convert ino any of the more active forms of folate [68]. The dose can be titrated according 

to serum defi ciency levels and cervical disease severity. The use of bioactive forms of the 

synthetic folic acid is particularly important for approximately 10% to 15% of individuals 

who have genetic methylene tetrahydrofolate reductase (MTHFR) homozygous polymor-

phisms, which are associated with lower enzyme activity, lower plasma and red blood cell 

folate, and elevated plasma homocysteine.

VII. SUMMARY

The slow progression of cervical disease from atypical changes to dysplasia, and on to cancer allows 

this disease to respond ideally to the integration of a nutritional program that can be followed 

closely using both current protocols of Pap and/or excisional biopsy monitoring, if necessary, as 

well as nutritional measurements like serum homocysteine, B12, and folate levels to document the 

impact on cellular health. Since cellular stress with resultant DNA damage plays a major role in 

cervical pathology, food and nutrient interventions target the elimination of potential environmen-

tal burdens on tissue metabolism, and focus on the replenishment of depleted nutrients crucial for 

optimal energy for cell turnover and function. There is suffi cient evidence to suggest that nutrition 

and the use of supplements are a vital component of preventing and potentially reversing cervical 

dysplasia and cervical cancer.
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39 Colorectal Cancer

Nutrition for Primary and 
Secondary Prevention

Leah Gramlich, M.D., and Isaac Soo, M.D.

I. INTRODUCTION

Colorectal cancer is increasingly recognized as a condition that may impact longevity. It is a topic 

commonly discussed between patients and their primary care physician. Patients are increasingly 

knowledgeable of their health risks and the options available to them, such as various modalities 

for colorectal cancer screening. Less well known is the association between colorectal cancer risk 

and diet. Primary care physicians are positioned to counsel patients on diet changes and nutritional 

interventions that have been shown to affect both colon cancer occurrence and recurrence. This 

chapter will review what is known about diet and colorectal cancer (CRC) and will attempt to 

provide the primary care provider with up-to-date knowledge and insights into the role of diet and 

CRC.

II. EPIDEMIOLOGY

Diet and nutrient choices clearly impact outcome in primary, and possibly secondary, preven-

tion in patients diagnosed with CRC. In a recent review, the working group of the World Cancer 

Research Fund identifi ed that foods and nutrients have a signifi cant effect on risk for CRC—

certain foods and nutrients are associated with risk enhancement and others are associated with 

risk reduction. Incidence rates of colorectal cancer may relate to changing dietary habits with 

increased levels of affl uence. For example, since the mid-1970s, as Japan, Singapore, and Eastern 

Europe began the transition from low- to high-income countries, their incidence rates of CRC 

have doubled.

III. NUTRIENTS AND INCREASED RISK

The vast majority of CRC develops in older individuals over a period of several years through an 

accumulation of genetic mutations within colonic mucosa. Genomic instability creates a permis-

sive state in which a cell acquires enough mutations to be transformed into a cancer cell. These 

cumulative effects upon tumor suppressors, oncogenes, and mismatch repair genes manifest as the 

adenoma to carcinoma sequence. Food and nutrition have a highly important role in the prevention 

and causation of cancers of the colon and rectum.
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RED AND PROCESSED MEATS

Increased red meat/processed meat intake demonstrates the strongest correlation with CRC develop-

ment. Numerous epidemiological studies have reported this link. Though the risk reduction benefi t 

with decreased meat intake varies between studies, the presence of increased risk with meat intake 

is consistent. For example, the World Cancer Research Fund (WCRF) reports increases of 50 g of 

red meat or 50 g of processed meat per day that are associated with 15% and 21% increased risk of 

CRC, respectively. The National Institute of Environmental Medicine in Stockholm, Sweden, com-

pared individuals with high- and low-meat intake. Those in the highest category of red meat or pro-

cessed meat had a 28% and 20% increased risk, respectively, of colon and rectal cancer compared 

to those with the lowest amount of intake.1 Lastly, the International Agency for Research on Cancer 

in Lyon, France, determined a reduction of 70 g/week of average meat intake would hypothetically 

reduce colorectal cancer risk by 11.9% to 25% in men and 7.5% to 17.2% in women from countries 

where meat consumption is very high.2

Precipitants of increased CRC risk from meat intake have been proposed ranging from fat to 

ammonia content. Among the most well studied include N-nitroso compound exposure, heterocy-

clic amines, and polycyclic aromatic hydrocarbons. The latter two are byproducts of meat cooked 

at high temperatures. High temperatures cause reactions between creatinine, creatine, amino acids, 

and sugars to generate heterocyclic amines (HCAs). As both cooking temperature increases or dura-

tion extends, there is correspondent increased production of HCA.3 Dose-dependent administration 

of HCA induced colonic tumor formation in rats,4 and DNA adducts in both animal models and 

humans.5 Polycyclic aromatic hydrocarbons (PAH) are related to both the cooking of red meat as 

well as its processing. When meat is grilled, smoked, or charcoal-broiled, PAH forms and adheres 

to the surface of the meat. Of the red meats, grilled or well-done steak and hamburgers have been 

found to possess the highest levels. A group of chemicals not related to preparation method is 

N-nitroso compounds (NOCs). These have the ability to react with DNA of target tissues and pos-

sibly initiate carcinogenesis.6 Multiple studies have found a dose-response between the amount of 

meat ingested and increased N-nitroso compound fecal level.7 The heme content of red meat may 

also play a role. Heme-fed rats demonstrated destruction of the colonic epithelium with resultant 

hyperproliferation.8 Iron itself is unlikely to be a contributing factor as tumors in rats fed beef did 

not differ signifi cantly from those fed casein, despite having higher serum iron levels.9

ALCOHOL

Alcohol ingestion is associated with CRC. The International Agency for Research on Cancer in 

Lyon, France, analyzed 16 prospective cohort studies including 6300 patients with CRC. A 15% 

increased risk for colorectal cancer was found per 100 g of alcohol per week. To put this in perspec-

tive, the risk of colorectal cancer is increased by 9% for every 10 g ethanol/day. Notably, beverage 

type has no infl uence on risk. The pathophysiologic effects of alcohol ingestion are attributable to 

ethanol content. However, unlike red and processed meats, the impact of alcohol ingestion varied 

across study cohorts. For example, alcohol has greater effects on CRC risk in people of Asian 

descent.10 This likely relates to genetic differences between cohorts.

Carcinogenic mechanisms of alcohol are less well studied than for meat consumption. Central 

to alcohol’s harmful effects are likely the products of ethanol metabolism. Acetaldehyde is gen-

erated by alcohol dehydrogenase with ethanol as the enzymatic substrate. Free radicals are also 

produced, which may bind to cell components and possibly DNA. The potential negative effects of 

acetaldehyde include suppression of DNA repair mechanisms and methylation of cytosine in DNA, 

interrupting the cell cycle and producing carcinogenic effects. The importance of acetaldehyde 

is supported by a study of a Japanese cohort that found possessors of the lesser active aldehyde 

dehydrogenase (ALDH2) allele had increased acetaldehyde levels and, interestingly, higher risk for 

colorectal cancer.11
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MISCELLANEOUS

There is also a suggestion of increased risk of colorectal cancer with foods containing iron, cheese, 

animal fats, and sugars. However, studies are limited and further investigation is required.

IV. NUTRIENTS AND PRIMARY PREVENTION

FIBER

One of the most widely studied food products proposed to reduce CRC risk is fi ber. Despite sev-

eral large-scale cohort studies and meta-analyses, fi ndings remain inconclusive. The European 

Prospective Investigation into Cancer and Nutrition (EPIC) study examined 519,978 individuals 

from 10 European countries and found dietary intake in fi ber protected against development of 

colon cancer.12 Similarly, the Prostate, Lung, Colorectal and Ovarian Screening Trial Project Team 

found reduced risks of distal colonic adenomas were associated with fi ber from grains and fruits.13 

However, equally large studies have refuted the benefi t of fi ber, including prospective studies con-

ducted in Japan14 and the United States.15,16 A potential explanation for discordance between these 

very large epidemiological studies may stem from ingestion of different fi ber sources. One of the 

inherent diffi culties with studying the impact of nutrition on cancer risk is differing dietary habits 

between cohorts. In an attempt to homogenize the defi nitions of what constitutes grain or fi ber, a 

group from Harvard University conducted a pooled analysis of prospective studies. By doing so, 

they recategorized original data into new food group classifi cations for their meta-analysis. In 

the pooled analysis, grain ingestion, a fi ber subgroup, was found to be associated with decreased 

CRC risk.13,15 Grain products include barley, oat, rice, and wheat. Similarly, 60,000 women dem-

onstrated a 35% decrease in CRC risk with increased whole grain consumption.17 There is a pos-

sibility that the benefi t of grain ingestion is achieved at a baseline level of ingestion. A prospective 

cohort study of 62,609 men and 70,554 women did not fi nd an association between higher intake 

of grains and decreased cancer risk, but did identify increased cancer risk among those with very 

low rates of fi ber ingestion.18 The effect of supplemental fi ber has not been found to reduce risk of 

colorectal adenomas. A systematic review and meta-analysis conducted by the Cochrane database 

of systematic reviews found intervention with wheat bran fi ber, ispaghula husk, or dietary inter-

vention with high-fi ber diet to have no effect on the incidence or recurrence of adenomas in a 2- to 

4-year span.19

Numerous mechanisms have been proposed as the possible protective mechanism of fi ber/

grains. By increasing stool bulk there may be decreased interaction between fecal carcinogens 

and the colonic epithelium.20 Fiber may exert its benefi cial effects by attenuating the carcino-

genic effect of bile acids. Bile acids have been shown to play an important role in progression 

of colon cancer. It produces a proliferation-inducing effect on colonic mucosa described by 

epidemiological studies21,22 and further confi rmed by basic science studies. Deoxycholic acid, 

a bile acid component, stimulates proteosomal tumor suppressor gene degradation, leading to 

a tumor-promoting, anti-apoptotic effect.23 To counter this, once ingested, fi ber fermentation 

may produce short chain fatty acids (SCFA), lowering intestinal pH and reducing bile acid 

carcinogenic activity. For example, in rats, butyrate has been found to be anti-neoplastic.24 

Chronic infl ammation has been linked to CRC development and fi ber may exert a benefi cial role 

via anti-infl ammatory properties. A colitic mouse model, HLA B27, had attenuation of their 

infl ammatory markers with fi ber treatment. Higher levels of SCFA were found in the colitic 

fi ber-treated model and in vitro studies found they possessed a synergistic inhibitory effect on 

TNFa, a pro-infl ammatory cytokine.25 A small study on humans found fi ber supplementation 

was able to reduce levels of C-reactive protein, a nonspecifi c marker in infl ammation.26 Whole 

grains also contain many antioxidants, and may prevent cancer development by preventing 

oxidative damage.
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FRUITS AND VEGETABLES

Diets rich in fruit, yellow and dark green vegetables, and onions were found to be associated with 

reduced colorectal cancer precursors, adenomas.27 However, a study involving 45,490 women 

found no association between fruit and vegetable intake to colorectal cancer risk.28 Similar fi nd-

ings were identifi ed in Japanese cohorts of 47,605 and 40,106 men and women29,30 as well as an 

American study of 36,976 women older than 44 years.31 There may be benefi t with a baseline 

consumption of fruits and vegetables, and no further benefi t conferred with additional ingestion. 

Five-year follow-up of 488,043 men and women found men with very low intake of vegetables 

and total fruits and vegetables in fact had increased colorectal cancer risks,32 as did a study of 

62,609 men and 70,554 women in the Cancer Prevention Study II Nutrition Cohort.18 In the 

prospective mammography screening study of women in Sweden, individuals with less than 1.5 

servings of fruit and vegetables had a relative risk of 1.65 compared to those with more than 2.5 

servings.33

In addition to its bulk-forming, fi ber-like effect, the potential protective effects of vegetables 

and fruits may stem from a variety of anticarcinogenic substances including carotenoids, vita-

mins C and E, selenium, fi ber, dithiolthiones, glucosinolates, indoles, isothiocyanates, fl avonoids, 

phenols, protease inhibitors, plant sterols, allium compounds, and limonene. The actions of these 

substances include induction of detoxifi cation enzymes and nitrosamine formation, substrates 

for antineoplastic agents, alteration of hormone metabolism, and antioxidant effects, among 

others.34

CALCIUM AND VITAMIN D

Calcium and vitamin D are commonly taken for bone health but their benefi cial effects may extend 

to CRC risk reduction. A 5-year study of 60,866 men and 66,883 women found calcium supple-

mentation to reduce risk of colorectal cancer.35 However, this has been refuted a by randomized 

controlled trial in which 36,282 postmenopausal women received supplementation with 500 mg 

elemental calcium with 200 international units of vitamin D twice daily with no effect on colorectal 

cancer rates.36 The study authors noted that the study duration may not have been long enough to 

detect an effect. This is a possibility considering calcium supplementation may benefi t in prevent-

ing adenoma recurrence as discussed in the following. Often taken with calcium, supplementation 

with vitamin D 1000 to 2000 IU/day reduces risk by 50% with serum levels >33 ng/mL compared 

to 12 ng/mL.37,38

Similar to fi ber, calcium and vitamin D may exert anticarcinogenic effects by binding to bile 

acids.39 Calcium may also possess an antiproliferative, apoptotic induction ability on colonic cells. 

Though the cellular mechanism has not been delineated and what has been described is much more 

complex than afforded here, study results suggest that calcium has both indirect and direct effects 

on cellular signaling. In general terms, by activating calcium-sensitive receptors, precancerous cells 

may be rerouted to produce a well-differentiated cell. Analagously, vitamin D also exerts its anti-

carcinogenic effects through vitamin D receptors and activation of diverse signaling pathways that 

include effects on calcium fl ux and calcium signaling pathways. Vitamin D suffi ciency has been 

associated with apoptosis, and in its absence there is failure of apoptosis and propogation of tumor 

growth. Vitamin D also prevents angiogenesis, thereby reducing the potential for the malignant cell 

to survive. In sum, effects on cell differentiation and apoptosis of colonic cells is enhanced by both 

calcium and vitamin D.40 

MISCELLANEOUS

Other less well studied food products that may decrease CRC risk include garlic 41 and selenium, but 

these fi ndings are inconclusive.
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V. NUTRIENTS AND SECONDARY PREVENTION

The impact of diet on colorectal cancer is not limited to primary prevention. A group of 1009 

patients with stage III colon cancer without cancer recurrence 3 months following completion of 

a clinical trial were observed for infl uence of dietary pattern on recurrence-free survival. Patients 

with a “Western dietary pattern,” including red meat, processed meats, sweets and desserts, French 

fries, and refi ned grains had increased colon cancer recurrence and mortality. Patients in the high-

est quintile of Western dietary pattern were 2.9 times more likely to recur compared to those in the 

lowest quintile. In contrast, no association between overall survival or recurrence-free survival was 

seen in patients with a “prudent diet,” high in fruit, vegetables, whole grains, legumes, poultry, and 

fi sh.42 Though preliminary, other potentially benefi cial dietary changes include calcium supplemen-

tation; 1200 mg/day for 3 years resulted in decreased recurrence in patients with a history of col-

orectal adenoma.43 This was seen again in a randomized clinical trial of 1200 mg elemental calcium 

per day,44,45 though the protective effect may be limited to individuals with adequate vitamin D lev-

els.46 The benefi cial effect of calcium supplementation was seen to last 5 years following discontinu-

ation.45 Notable food products that have not been found to improve CRC recurrence include dietary 

supplementation of wheat-bran fi ber,47,48 nor has a low-fat, high-fi ber, fruit and vegetable diet.49

Nutrient effects on CRC risk and pathophysiological mechanisms are summarized in  Table 39.1.

VI. COMORBID CONDITIONS

The risk of developing CRC rises sharply after 40 years of age, with 90% of cancers occurring in 

persons 50 years or older. The current evidence strongly indicates that the majority of colorectal 

cancers arise from preexisting adenomas and that risk correlates with number and size of adenomas. 

Dietary pattern such as Western or prudent may impact whether adenomas undergo transformation 

to malignant lesions. Individuals who have one carcinoma are at risk for synchronous or metachro-

nous lesions. Family history of colonic polyps or CRC, particularly if they occur at a young age or 

occur in more than one fi rst-degree relative, is associated with an increased risk for CRC. Correlation 

TABLE 39.1
Pathophysiologic Mechanisms of Dietary Components on CRC Development

CRC Risk Food Type Pathophysiology

Increased Red and processed 

meat

Heterocyclic amines and polycyclic aromatic hydrocarbons generated by • 

grilling, smoking, or charcoal-broiled meat have been found to cause mutations 

in rats.

Ingestion creates additional N-nitroso compounds, which are alkylating agents • 

with ability to react with DNA or tissue.

Dietary heme iron demonstrates fecal cytotoxicity and induces colonic • 

hyperproliferation in rat studies. 

Ethanol Free radical production via acetaldehyde generation via alcohol dehydrogenase.• 

Decreased Fiber Generates stool bulk to produce decreased interaction between fecal carcinogens • 

and colonocytes.

Short chain fatty acids produced by fi ber fermentation may alter pH of the colon • 

and decrease bile acid carcinogenic activity.

Exert anti-infl ammatory and antioxidant effects.• 

Fruits and 

vegetables

Possess an array of chemicals that may have antioxidant, detoxifi cation, and • 

hormone-altering effects.

Calcium/vitamin D Calcium may bind bile acids, preventing their carcinogenic effect.• 

Both are involved in cellular signaling leading to cell differentiation or apoptosis.• 
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of CRC and infl ammatory bowel disease relates to the duration of the infl ammatory bowel disease 

and the presence of dysplastic colonic epithelium. In animal studies, diversion of bile to the colon 

increases the yield of tumor in carcinogen-treated animals. By analogy, cholecystectomy in humans 

may have the same effect but this has not been seen in human studies.

More recently an impressive body of literature indicates that CRC risk is elevated in those with 

metabolic syndrome.8 Underlying risk factors for metabolic syndrome include physical inactivity and 

obesity, especially abdominal or visceral obesity. The evidence that physical activity is a protective 

factor for CRC is strong and consistent.9 This association has been observed in prospective and case-

controlled studies, for men and women, for occupational and leisure time activities, and in a wide 

spectrum of populations. Physical inactivity is becoming widely accepted as a risk factor for CRC.

Increasing body fatness, as measured by Body Mass Index (BMI), is associated with an increased 

risk for CRC in the majority of studies. The strength of the association between obesity and CRC is 

generally stronger for men than for women. The World Cancer Research Fund identifi es a 15% risk 

increase for every 5 kg/m2. In addition, abdominal adiposity, as assessed by waist circumference or 

increased waist-to-hip ratios, is yet another indicator of increased risk.

Adult onset diabetes has also recently been identifi ed as an independent risk factor for CRC and 

adenomas and in a recent meta-analysis, the relative risk for CRC in diabetics was 1.43.17 This strong 

association has been seen in non-Caucasians, males, and females.

Biologically plausible roles exist for a relationship between CRC and hyperglycemia and hyper-

insulinemia, perhaps through insulin-like growth factors, creating an environment that encourages 

carcinogenesis and discourages apoptosis.

VII. PATIENT EVALUATION

The primary care physician may be seeing a patient who has symptoms of CRC or for consideration 

of screening for CRC based on risk. Given this presenting history, it may not be intuitive, but it is 

very important to get a weight history and a diet history as well as a history of activity. Similarly, 

BMI should be calculated and a waist circumference checked.

Colorectal cancer symptoms include abdominal pain, altering bowel habits, melena/hematoche-

zia, fatigue, and weight loss. A considerable proportion of patients also present with metastatic dis-

ease to the liver or lungs, which manifests as dyspnea or right upper quadrant pain. Evidence of iron 

defi ciency anemia is an important red fl ag, especially in individuals over the age of 50. However, 

unfortunately, presence of clinical signs and symptoms in CRC manifest in advanced disease with 

poor prognosis. Lack of early disease detection by physical exam and laboratory fi ndings is one of 

the reasons the approach to CRC is largely preventative. Early detection of disease is best achieved 

by adherence to recommendations of colon cancer screening.

The purpose of CRC screening is to detect early disease and identify premalignant conditions 

such as polyp formation. Numerous modalities are available and the decision of when or who to 

screen for CRC is infl uenced by a patient’s pretest risk. As above, certain individuals are considered 

high risk, including those with a history of infl ammatory bowel disease, a personal or family his-

tory of CRC, an adenomatous polyp, or a genetic predisposition to CRC such as familial adenoma-

tous polyposis (FAP) and hereditary non-polyposis colorectal cancer (HNPCC). These individuals 

require referral and close follow-up with a gastroenterologist.

For average risk individuals, CRC screening should be initiated at the age of 50. Current modali-

ties include recommendations either for: (1) annual fecal occult blood test (FOBT), (2) fl exible sig-

moidoscopy every 5 years, (3) annual FOBT and fl exible sigmoidoscopy every 5 years, (4) double 

contrast barium enema (DCBE) every 5 years, or (5) colonoscopy every 10 years. The decision 

of which test to undergo should be a discussion between the patient and physician. Depending on 

the fi ndings, positive tests will require follow-up investigations. For a positive FOBT or DCBE, 

a colonoscopy will be required for diagnosis or possible intervention. In the absence of notable 

pathology, the suggested intervals for screening are as listed previously.
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VIII. TREATMENT RECOMMENDATIONS

Treatment recommendations for patients interested in primary or secondary prevention of CRC 

need to include advice regarding goals for weight and physical activity in addition to specifi c dietary 

recommendations. Recommendations should be built upon what is known regarding the relation-

ship between CRC and diet (Table 39.2). In an individual concerned about the risk of CRC, there 

is convincing evidence that physical activity decreases risk and that red meats, processed meat, 

alcoholic drinks (in men), and body fatness increase risk. Patients should be advised that there is a 

probable risk reduction from intake of foods containing fi ber, garlic, milk, and calcium.

More specifi c recommendations to patients should include a target BMI between 20 and 25 kg/

m2—patients should strive for leanness without being underweight. In order to help achieve this 

goal, individuals should avoid sugary, high-energy-dense foods and beverages. With respect to 

activity, adults should engage in at least moderate physical activity for 30 minutes or more on 5 or 

more days of the week. Forty-fi ve minutes or more of moderate to vigorous activity on 5 or more 

days of the week may further enhance the reduction in risk of colorectal cancer.50 This activity can 

be undertaken in the context of either work or recreational activity.

The WCRF evaluated 16 cohort and 71 case control studies evaluating the relationship between 

red meat intake and CRC risk and nearly all the cohort studies showed increased risk with higher 

intake. Specifi c recommendations are to limit red meat intake to less than 500 gm cooked (700 to 

750 gm uncooked) meat per week and to limit intake of salty or processed meats.

Dietary fi ber refers to carbohydrates that cannot be digested. It is present in all plants that are 

eaten for food, including fruits, vegetables, grains, and legumes. For many years healthcare provid-

ers have been suggesting that consumption of a high-fi ber diet would reduce the risk of colorectal 

cancer. More recently, however, larger and better designed studies have failed to show this link. 

Despite the lack of effect on CRC risk, a diet high in fi ber can obviate many of the symptoms that 

can be confused with symptoms of colorectal cancer such as constipation and symptoms from diver-

ticular disease. In the absence of effect on CRC risk, fi ber is an important part of a healthy diet and 

dietary intakes should be at minimum 25 to 30 g/day for adults. The best sources are whole grains, 

legumes and nuts, fruits, and vegetables.

There is little or no evidence to support the use of vitamin supplements to reduce CRC risk. A 

few micronutrients, perhaps, deserve special mention. There is a body of literature that suggests that 

increases in dietary folate intake may be associated with reduction in CRC risk. There are data from 

cohort studies with a dose-response relationship but there is some inconsistency in the data. More 

recently, a randomized controlled trial of folic acid at 1 mg/day for up to 6 years did not reduce the 

risk of colorectal adenomas, precursors of CRC. Interestingly, this study suggested that there was 

equivocal evidence for an increase in adenoma risk that requires further investigation, particularly 

in view of the fortifi cation of the U.S. food supply with folate.51 Vitamin D is another micronutri-

ent that may be relevant in colorectal cancer prevention. It must be recognized that the effects of 

calcium and vitamin D are strongly interrelated and that vitamin D status in a given individual is 

infl uenced by the latitude at which they reside. People living at higher latitudes are at increased risk 

for CRC and are more likely to die from the disease than those living at lower latitudes. In addition, 

the prevalence of vitamin D defi ciency is higher at higher latitudes.52 Given that the evidence sup-

porting the role of vitamin D in reducing the risk of CRC is not robust but that the risk of defi ciency 

is high and that it plays a role in morbidity from other causes, supplementation may be considered.

The previous discussion is relevant for individuals who want to reduce the risk of CRC occurring 

(primary prevention). In addition, CRC survivors should also follow the guidelines for CRC preven-

tion as this has been found to be associated with reduction in risk of recurrence.

The WCRF guidelines are consistent with the Dietary Guidelines for Americans 2005. Key con-

cepts identifi ed in the most recent Dietary Guidelines (2005) identify maintenance of weight in a 

healthy range, balancing energy from food and beverages, prevention of gradual weight gain, intake 

of adequate nutrients within energy needs, physical activity of at least 30 min/day, and adherence 
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TABLE 39.2
Food Nutrition and Physical Activity and Colorectal Cancer

Decreases Risk Increases Risk

Convincing Physical activitya,b Red meatc,d

Processed meatd,e

Alcoholic drinks (men)f

Body fatness

Abdominal fatness

Probable Foods containing dietary fi berg

Garlich

Milki,j

Calciumk

Alcoholic drinks (women)f

Limited 
(suggestive)

Nonstarch vegetablesh

Fruitsh

Foods containing folateg

Foods containing seleniumg

Fish

Foods containing vitamin Dg,l

Seleniumm

Foods containing irond,g

Cheesei

Foods containing animal fatsg

Foods containing sugarsn 

Limited 
(no conclusion)

Cereals (grains) and their products; potatoes; poultry; shellfi sh and other seafood; 

other dairy products; total fat; fatty acid composition; cholesterol; sugar 

(sucrose); coffee; tea; caffeine; total carbohydrate; starch; vitamin A; retinol; 

vitamin C; vitamin E; multivitamins; nondairy sources of calcium; methionine; 

beta-carotene; alpha-carotene; lycopene; meal frequency; energy intake

Substantial effect on risk unlikely None identifi ed

Source: [53].

Notes:
a Physical activity of all types: occupational, household, transport and recreational.
b Much of the evidence reviewed grouped colon cancer and rectal cancer together as “colorectal” cancer. The Panel judges 

that the evidence is stronger for colon than for rectum.
c The term “red meat” refers to beef, pork, lamb, and goat from domesticated animals.
d Although red and processed meats contain iron, the general category of “foods containing iron” comprises many other 

foods, including those of plant origin.
e The term “processed meat” refers to meats preserved by smoking, curing, or salting, or addition of chemical preservatives.
f The judgments for men and women are different because there are fewer data for women. Increased risk is only apparent 

about a threshold of 30 g/day of ethanol for both sexes.
g Includes both foods naturally containing the constituent and foods that have the constituent added. Dietary fi ber is con-

tained in plant foods. 
h Judgments on vegetables and fruits do not include those preserved by salting and/or pickling.
i Although both milk and cheese are included in the general category of dairy products, their different nutritional composi-

tion and consumption patterns may result in different fi ndings.
j Milk from cows. Most data are from high-income populations, where calcium can be taken to be a marker for milk/dairy con-

sumption. The Panel judges that a higher intake of dietary calcium is one way in which milk could have a protective effect.
k The evidence is derived from studies using supplements at a dose of 1200 mg/daily.
l Found mostly in fortifi ed foods and animal foods.
m The evidence is derived from studies using supplements at a dose of 200 ug/day. Selenium is toxic at high doses.
n “Sugars” here mean all “non-milk extrinsic” sugars, including refi ned and other added sugars, honey, and as contained in 

fruit juices and syrups. It does not include sugars naturally present in whole foods such as fruits. It also does not include 

lactose as contained in animal or human milks.
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to a diet with less than 35% of energy from fat. The guidelines for meat and alternatives intake sug-

gest 1 to 2 servings (3 oz) meat or poultry (skinless) per day, with a preferred cooking method being 

either to boil, roast, or broil meat.

Patients who have a diagnosis of cancer are often highly motivated to change behavior. This rep-

resents an opportunity for the primary care provider to guide the patient relative to behaviors that 

can reduce risk of cancer occurrence and recurrence and that may also have an impact on primary 

and secondary prevention of other chronic diseases.

IX. SUMMARY

Nutrition clearly has an impact on CRC occurrence and recurrence, with nutritional factors playing 

a role that may increase or decrease risk, based on biologically plausible mechanisms. Data will 

continue to accumulate that may allow us to refi ne nutritional recommendations. Currently, based 

on existing evidence, it is reasonable to suggest the following:

Limit consumption of red meat.• 

If alcohol is consumed, limit to less than 2 drinks/day in men and 1 drink/day in women.• 

Increase amount and variety of fruit, vegetables, whole grains, and pulses (beans).• 

Be lean without being underweight.• 

Be physically active for at least 30 min/day.• 

Avoid sugary, energy-dense foods and beverages.• 

Limit consumption of salty and prepared foods.• 

After treatment, cancer survivors should follow recommendations for cancer prevention.• 
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40 Prostate Cancer 

Nutrients That May Slow 
Its Progression

Aaron E. Katz, M.D., and 
Geovanni Espinosa, N.D., M.S.

I. INTRODUCTION

Prostate cancer (CaP) remains one of the most frequently diagnosed cancers in men in Western 

countries for the past decade. The number of new cases projected to be diagnosed in the United 

States alone in 2007 was estimated at 218, 890, with 27,000 deaths expected from the disease [1]. 

Detection of this disease earlier, as a consequence of introduction of the prostate specifi c antigen 

(PSA) blood test, has been acknowledged by the National Cancer Institute (NCI) as one factor 

contributing to lowering the mortality rate over the past few years [2–5]. In the mid to late-1980s 

only one-third of prostate cancers were diagnosed at curable stages compared with today when 

80% are staged clinically as organ-confi ned and potentially curable [6–9]. Unfortunately, however, 

even when the tumor is thought to be localized, up to 25% of men have nonlocalized disease, which 

declares itself subsequently [10]. Nutrition can possibly slow the rate of disease progression to the 

point that the disease has no clinical relevance; conversely, poor nutrition may accelerate disease 

and reduce life and its quality dramatically. This chapter evaluates food, nutrients, and the role of 

antioxidants in general in delaying cancer of the prostate (CaP).

II. EPIDEMIOLOGY

Although the rates vary widely between countries, it is least common in South and East Asia, more 

common in Europe, and most common in the United States [11]. In the United States, prostate can-

cer is least common among Asian American men and most common among Black men, with fi gures 

for White men in-between [12, 13]. However, these high rates may be affected by increasing rates of 

detection [14]. Ecological studies have implicated a Western diet in CaP development. Asian immi-

grants, who often adopt a Western diet, show an increased incidence of CaP, thought to be related 

to environmental factors and variations in dietary pattern [15].

The primary risk factor is age. Prostate cancer is uncommon in men less than 45, but becomes 

more common with advancing age. The average age at the time of diagnosis is 70 [4]. Many men 

never know they have prostate cancer. Autopsy studies of Chinese, German, Israeli, Jamaican, 

Swedish, and Ugandan men who died of other causes have found prostate cancer in 30% of men in 

their 50s, and in 80% of men in their 70s [17]. Nutrition is therefore being considered among the 

modalities to slow disease progression.
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Two genes (BRCA1 and BRCA2) that are important risk factors for ovarian cancer and breast 

cancer in women have also been implicated in prostate cancer [18]. The possibility of a specifi c 

nutrient-gene interaction is intriguing. Meanwhile, men with these genes may wish to use food and 

nutrients as disease prophylaxis.

The role of nutrition and dietary supplements in CaP is of much interest. However, several unre-

solved issues that are discussed in this chapter still linger:

The expected time to achieve an effect is much longer, more variable, and far less well • 

understood, and the progression of disease may be hard to follow. 

The optimal dose and duration needed to test nutritional agents for cancer prevention are • 

largely unidentifi ed, making null fi ndings hard to interpret.

Baseline nutritional status can be critical [15]. Selenium supplements provided benefi t only • 

for those individuals who had lower levels of baseline plasma selenium, whereas subjects 

with normal or higher levels did not benefi t and may have an increased risk for CaP [16].

Particular nutrients may be effective only in subgroups defi ned by genotypes or by nutri-• 

tional status of another nutrient.

III. PATHOPHYSIOLOGY

Well-recognized precursor lesions in the peripheral zones of the prostate, including low-grade or 

high-grade prostatic intraepithelial neoplasia (PIN), are associated with the development of invasive 

cancer. Recently, proliferative infl ammatory atrophy has been proposed as a precursor to PIN with 

merging of proliferative infl ammatory atrophy and high-grade PIN seen in ~34% of proliferative 

infl ammatory atrophy lesions [19]. Chronic infl ammation may damage epithelial cells and result 

in proliferative lesions, likely precursors of PIN lesions and prostatic carcinomas; prostatitis has 

therefore been associated with a high risk of CaP [20]. The correlation between organ-specifi c 

infl ammation and carcinoma is noteworthy. Reduction of infl ammation is one likely route by which 

nutritional interventions infl uence disease.

IV. FOODS IN PROSTATE CANCER (TABLE 40.1)

MEAT

Meat contains high amounts of arachidonic acid. Some byproducts of arachidonic acid have pro-

moted prostate cancer in animals [29]. Preliminary reports have suggested that frequently eating 

well-done steak [30] or cured meats [31] is a risk factor. Heterocyclic amines (HCAs) and polycyclic 

aromatic hydrocarbons (PAH) are the carcinogenic chemicals formed from the cooking of muscle 

meats such as beef, pork, fowl, and fi sh. HCAs form when amino acids and creatine react at high 

cooking temperatures. Researchers have identifi ed 17 different HCAs resulting from the cooking 

of meats that may pose human cancer risk. Cured meats can contain nitrosamines because meats 

contain amines, and sodium nitrite, a source of nitrosating agents, is added to cured meats as a 

preservative.

DIETARY FAT

When combined with a low-fi ber diet, men consuming a high-fat diet have been reported to have 

higher levels of testosterone, which might increase their risk of prostate cancer. The risk of pros-

tate cancer correlates with dietary fat from country to country [24], a fi nding supported in some 

[25, 26], but not all [27], preliminary trials. In one study, prostate cancer patients consuming the 

most saturated fat (from meat and dairy), and followed for over 5 years, had over three times the risk 

of dying from prostate cancer compared with men consuming the least amount of saturated fat [28]. 

Men with higher serum levels of the short-chain omega-6 fatty acid linoleic acid have higher rates 
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of prostate cancer. However, the same series of studies showed that men with elevated levels of 

 long-chain omega-3 (EPA and DHA) had lowered incidence. A long-term study reports that “blood 

levels of trans fatty acids, in particular trans fats resulting from the hydrogenation of vegetable oils, 

are associated with an increased prostate cancer risk” [21].

Alpha-linolenic acid (ALA) is the essential omega-3 amino acid. ALA is associated with 

increased risk of prostate cancer. Since ALA is the precursor of EPA and DHA known to have 

anti-infl ammatory and possibly anticancer properties, results indicate that people with measur-

ably high ALA would be at increased risk. A signifi cant portion of dietary ALA often does come 

from meat. Therefore in theory ALA may be a marker for meat consumption. When researchers 

have adjusted for the intake of meat or saturated fat, a correlation between ALA and prostate can-

cer risk has remained [31, 32]. Most [26–28], but not all [32], studies have found that high dietary 

or blood levels of ALA correlate with an increased risk of prostate cancer. Another possible 

TABLE 40.1
Foods for Prostate Cancer

Meat/Dairy Source Vegetable/Fruit Source

Omega-3 fatty acids Cold water fi sh (salmon, 

cod, herring, mackerel, 

anchovies, sardines), 

grass-fed beef, fi sh oils, 

eggs

Flax seeds and oil, krill oil, walnuts, canola, whole 

grains, legumes, green leafy vegetables, açai palm fruit, 

kiwi fruit, black raspberries, wakame (sea vegetable).

Vitamin D Cod liver oil, salmon, 

mackeral, sardines, liver, 

eggs

Green leafy vegetables, fortifi ed cereals.

Vitamin E Sardines, Atlantic herring, 

blue crab

Almonds, sunfl ower seeds, saffl ower oil, hazelnuts, turnip 

greens, pine nuts, peanuts, peanut butter, tomato, wheat 

germ, avocado, carrot juice, olive oil, corn oil, peanut 

oil, spinach, dandelion greens, Brazil nuts.

Zinc Grass-fed beef, crabmeat, 

oysters, lamb, pork, turkey, 

salmon, chicken, clams, 

lobster

Brown rice, spinach, beans, rye bread, whole wheat 

bread, lentils, lima beans, oatmeal, peas, baked potato.

Selenium Dairy products, liver, cold 

water fi sh, shellfi sh

Asparagus, broccoli, garlic, onions, mushrooms, grains, 

sea vegetables.

Indole-3-carbinol,5 
glucaric acid (calcium 
D-glucarate)

None Arugula, broccoli, caulifl ower, brussels sprouts, cabbage, 

watercress, bok choy, turnip greens, mustard greens, 

collard greens, mizuna, tatsoi, rutabaga, napa or Chinese 

cabbage, daikon, horseradish, radishes, turnips, 

kohlrabi, kale.

Lycopene None Tomatoes, watermelon, pink grapefruit, pink guava, 

papaya, red bell pepper, rosehip.

Lycopene in tomato paste is four times more bioavailable 

than in fresh tomatoes.

Genistein, daidzein None Soy products—especially fermented soy: miso, natto, 

Sweet noodle sauce, tamari, tempeh, tofu (pickled), 

yellow soybean paste.

Cathechins None Camellia sinensis: including white tea, green tea, black 

tea and oolong tea.

Catechins are also present in the human diet in 

chocolate.

Most of the EGCG catechin is found in green tea.
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explanation is that the rate-limiting enzyme that converts ALA to DHA and EPA, called delta-6-

desaturase, is not functioning optimally. The ALA then accumulates and increased risk of prostate 

cancer is a result of inadequate enzyme activity. Another mechanism by which a causal pathway 

could exist is infl ammation from a high ratio of omega-6 to omega-3 fats. This is supported by a 

preliminary study of men with prostate cancer who supplemented 30 g of ground fl axseed per day 

for approximately 1 month appeared to decrease the rate of tumor growth [26]. Flaxseed is high 

in both omega-3 and omega-6 fatty acids.

Fish eaters have been reported to have low risk for prostate cancer [33]. The omega-3 fatty acids 

EPA and DHA found in fi sh are thought by some researchers to be the components of fi sh respon-

sible for protection against cancer [34].

CRUCIFEROUS VEGETABLES

Cruciferous vegetables have also been shown to have CaP protective properties. Cabbage, Brussels 

sprouts, broccoli, and caulifl ower belong to the Brassica family of vegetables, also known as “cru-

ciferous” vegetables. In test tube and animal studies, these foods were shown to have anticancer 

activity [35, 36]. A preliminary study of men newly diagnosed with prostate cancer showed a 41% 

decreased risk of prostate cancer among those eating three or more servings of cruciferous vegeta-

bles per week, compared with those eating less than one serving per week [37]. Protective effects of 

cruciferous vegetables were thought to be due to their high concentration of the carotenoids, lutein, 

and zeaxanthin, as well as their stimulatory effects on the breakdown of environmental carcinogens 

associated with prostate cancer [37]. Cruciferous vegetables also contain phytoestrogens.

SOY

Phytoestrogens are fat-soluble nutrients found in a variety of foods, especially vegetables, which 

modulate the response of fat-soluble hormones, especially estrogen. Phytoestrogens in food have 

been shown to be protective by helping the body metabolize estrogen-like toxins called xenoestro-

gens, which can be found in food, food packaging, water, and the environment at large.

Isofl avonoid phytoestrogens, such as genistein, daidzein, and glycitein, act as chemoprotectors 

by direct inhibition of DNA methyltransferase activity, reversal of DNA hypermethylation, and 

reactivation of methylation-silenced genes. Phytoestrogens are important regulators of proteins, 

such as 5α-reductase, tyrosine kinase, topoisomerase, and P450 aromatase, besides exerting an 

inhibitory effect on vitamin D metabolism in the prostate [38]. Isofl avonoid phytoestrogens show 

structural similarities with mammalian estrogens and are present in large amounts in soybean and 

soy products, such as miso and tofu. There is evidence that genistein, equol, and enterolactone 

inhibit the growth of LNCaP cells and reduce both intracellular and extracellular PSA concen-

trations. In addition, genistein is an effective inhibitor of angiogenesis and has been reported to 

decrease PSA levels and prevent metastatic disease in male Lobund-Wistar rats [39]. Studies in 

animal models showed that rats fed on soy or rye bran exhibited a signifi cant delay in the growth 

of implanted prostate tumors. Osteopontin, an extracellular matrix protein, may be involved in 

the transition from clinically insignifi cant tumors to metastatic CaP. A recent study suggests that 

dietary genistein improved survival and inhibited progression to advanced CaP in TRAMP mice 

associated with reduced expression of osteopontin [40].

There is, however, limited data on the effect of oral phytoestrogen supplements in prostate tissue. 

In one of the three studies conducted thus far, daily oral supplementation of clover phytoestrogen 

induced a 23-fold and 7-fold increase in prostate tissue concentrations of genistein and daidzein, 

respectively, when compared with the placebo group [41]. In addition, 90% of the supplemented 

patients had a detectable plasma equol concentration after the supplementation [41]. However, a def-

inite association with reduced CaP incidence has yet to be established in controlled human trials.

A 16-year-long prospective health study showed that men who consumed more than one glass of 

soy milk per day had a 70% lower risk of CaP [42].
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LYCOPENE

Lycopene is a carotenoid phytonutrient. Most lycopene in our diet comes from tomatoes, and it 

also gives the red color to watermelons, pink grapefruits, papaya, and guava. Cooked tomatoes and 

tomato sauce are actually better than raw tomatoes because cooking them releases lycopene from 

their storage sites, changes the way our bodies absorb it, and affects the growth of prostate cancer 

cells in other foods. Also as a fat-soluble vitamin, it needs fat in the diet for uptake. V-8 juice or 

tomatoes in salad should be eaten with a snack or vegetable oil. Lycopene has been reported to 

inhibit the proliferation of cancer cells in test tube research [43].

There is evidence that lycopene effectively inhibits proliferation of various cancer cell lines 

with down-regulation of cyclin D1 and consequent cell cycle arrest at the G0-G1 phase of the cell 

cycle. This growth inhibition is extended to the three broadly used CaP cell lines PC-3, DU-145, 

and LNCaP cells. In addition normal prostate epithelial cells were observed to be even more sen-

sitive to growth inhibition by lycopene than cancer cells. This is important because the patho-

logic hyperproliferation of prostate cells in men developing benign prostatic hyperplasia may be 

positively affected by lycopene [44]. Acycloretinoic acid, the oxidative metabolite of lycopene, has 

been reported to induce apoptosis in PC-3 and DU-145 cells [45]. Lycopene supplementation to rats 

resulted in decreased IGF-I and IL-6 expression; also a reduction in the expression of 5α-reductase 

in prostate tumors with subsequent down-regulation of several androgen target genes was noted. 

Lycopene increased the activity of the phase II enzymes GPx, glutathione-S-transferase, and gluta-

thione reductase, as well as glutathione levels in several animal models, presumably due to antioxi-

dant-response-element–mediated induction of genes [46].

In a preliminary trial, 26 men with prostate cancer were randomly assigned to receive lycopene 

at 15 mg twice a day or no lycopene for 3 weeks before undergoing prostate surgery. Prostate tissue 

was then obtained during surgery and examined. Compared with the unsupplemented men, those 

receiving lycopene were found to have signifi cantly less aggressive growth of cancer cells [47].

In another trial, a 3-week tomato intervention study in CaP patients showed an increase in the 

apoptotic index of hyperplastic and neoplastic cells in the resected prostate tissue along with lower 

plasma levels of PSA [48]. Similar results were obtained when lycopene was given to patients under-

going orchidectomy with subsequent decrease in serum PSA level and reduction in the size of pri-

mary and secondary tumors [49]. In addition, a phase II study showed that whole-tomato lycopene 

supplementation had signifi cant results and maintained its effect on PSA over 1 year [50].

However, a more recently concluded phase II trial shows that lycopene-rich tomato supplement 

was not effective in patients with androgen-independent CaP [51]. In addition, lycopene supplemen-

tation in men with biochemically relapsed CaP did not result in any discernible response in serum 

PSA, and a lack of association between CaP risk and lycopene intake was observed in a multicenter 

study by Kirsh and colleagues [52]. In view of these seemingly confl icting results, well-designed 

studies are necessary to establish the role of tomatoes and tomato products in the prevention and 

therapy of CaP.

Cholesterol-lowering drugs (e.g., probucol) [53], mineral oil, fat substitutes [54], and pectin [55] 

may decrease the absorption of lycopene; whereas beta carotene [56], medium-chain triglycerides, 

and dietary oils such as olive oil may enhance the absorption of lycopene [57].

Since tomatoes are a nightshade plant they aren’t for everyone. Some patients with psoriasis, for 

example, may have worsened symptoms with the consumption of tomatoes [58].

GREEN TEA

Evidence from a case-control study conducted in southeast China assessing 130 patients with his-

tologically confi rmed incidental prostate cancer and 274 patients without cancer matched by age 

showed that the prostate cancer risk declined with increasing frequency, duration, and quantity of 

green tea consumed. The subjects in this trial drank three cups a day. This reduction was statisti-

cally signifi cant, suggesting that green tea protects against prostate cancer [59].
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However, in a recent phase II trial exploring the antineoplastic effects of green tea in patients with 

androgen-independent prostate cancer, 42 patients, who were asymptomatic and had progressive 

PSA increases despite hormone therapy, were instructed to take 6 g of green tea orally per day (the 

equivalent of six cups a day). The study found no statistically signifi cant reduction in anti neoplastic 

activity (as defi ned by a decline in PSA levels) among patients with androgen-independent prostate 

carcinoma. In addition, and of concern, 69% of patients had grade 1–2 toxicity, while there were six 

episodes of grade 3 and one episode of grade 4 toxicity [60].

In a double-blind trial, men with precancerous changes in the prostate received a green tea extract 

providing 600 mg of catechins per day or a placebo for 1 year. After 1 year, prostate cancer had 

developed in 3.3% of the men receiving the green tea extract and in 30% of those given the placebo, 

a statistically signifi cant difference. These results suggest that drinking green tea or taking green tea 

catechins may help prevent prostate cancer in men at high risk of developing the disease [62].

Tea, next to water, is the most consumed beverage in the world. Green tea, obtained from the 

plant Camellia sinensis, with its high polyphenolic content has been shown to be an effective chemo-

preventive agent against various cancers [63]. The polyphenols present in tea leaves as fl avonols, or 

more commonly known as catechins, are epicatechin, epigallocatechin, epicatechin-3-gallate, and 

epigallocatechin-3-gallate (EGCG), of which the latter has gained the most attention with respect 

to its anticarcinogenic activity. EGCG makes up ~10% to 50% of the total catechin content and has 

a higher antioxidant activity than vitamins C and E. EGCG inhibits cellular proliferation primarily 

by acting as antioxidants and scavenging the free radicals, by inhibiting the enzymes involved in 

cell replication and DNA synthesis, along with interfering with cell-to-cell contact adhesion, and 

inhibiting intracellular communication pathways required for cell division.

Some of the contributing cancer-preventive effects of tea EGCG treatment have been shown to 

result in the induction of apoptosis in LNCaP, DU145, and PC-3 cells. It is thought to impose an 

artifi cial cell cycle checkpoint status in these cells independent of p53 [64].

More recently, Bettuzzi and colleagues reported that EGCG treatment to CaP cells, but not 

normal cells, resulted in the induction of clusterin with cleavage of both pro–caspase 8 and pro–

caspase 3, resulting in apoptosis of cancer cells. Moreover, the chemopreventive action of catechins 

in the TRAMP mouse model was also accompanied by overexpression of clusterin [65].

EGCG effectively inhibits 5α-reductase in cell-free assays, indicating that it can regulate andro-

gen action in target organs. Replacement of the gallate ester in EGCG with long-chain fatty acids 

produces potent 5α-reductase inhibitors that are active in both cell-free and whole-cell assay sys-

tems [66]. Testosterone mediated induction of ornithine decarboxylase, and an important contribu-

tor of CaP development, is inhibited by green tea polyphenols both under in vitro and in vivo 

situations [67]. Signifi cant inhibition of IGF-I and restoration of IGF-binding protein-3 levels in 

green-tea-polyphenol–fed mice with marked delay in the progression of CaP and concomitant apop-

tosis suggest that the autocrine/paracrine loop is a target for CaP chemoprevention by green tea 

[68]. A more recent study showed that with progression of age and CaP growth, an increase in the 

expression of S100A4 at mRNA and protein level occurs in dorsolateral prostate of TRAMP, but not 

in nontransgenic mice. Green tea polyphenol feeding to TRAMP mice resulted in marked inhibition 

of CaP progression, with reduction of S100A4 and restoration of E-cadherin [59].

Similar results were seen in another clinical trial involving patients with hormone refractory 

CaP. Green tea extract capsules, prescribed at a dose level of 250 mg twice daily, showed minimal 

clinical activity against the disease [69]. Both of these studies were conducted in end-stage dis-

ease, signifying that green tea may be more effective if used in the early stages of the disease or in 

patients at high risk.

In this context, Bettuzzi et al. [70] have shown that after a year’s p.o. administration of green tea 

catechins, only one man in a group of 32 with high-grade PIN developed CaP compared with 9 of 

30 in the control group; a rate of only 3% in men developing the disease versus the expected rate of 

30% in men treated with placebo. Hence, large-scale, prospective, randomized trials are necessary 

to test the effi cacy of green tea for the prevention and treatment of CaP.
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Based on all the evidence, green tea can markedly reduce the development of prostate cancer. 

The evidence also shows that this may be in several different ways and by a multitude of pathways. 

While the evidence here is restricted to the effects in prostate cancer, there is equally good evidence 

of protection from developing other types of cancer. Although the evidence for the benefi cial effects 

of green tea is quite compelling, further work needs to be done before this translates to actual treat-

ments for prostate cancer. Meanwhile, perhaps clinicians could encourage patients with an already 

well-established tea-drinking habit to drink more green tea [61].

POMEGRANATE

Pomegranate is a rich source of polyphenolic compounds, including anthocyanins and hydrolyzable 

tannins, with a reportedly higher antioxidant activity than green tea and red wine. Recent studies 

show that anatomically discrete sections of the pomegranate fruit acting synergistically exert anti-

proliferative and antimetastatic effect against CaP cells.

In a more recent study, pomegranate fruit extract treatment of highly aggressive PC-3 cells 

resulted in a dose-dependent inhibition of cell growth/cell viability along with induction of apopto-

sis [71]. A recently concluded 2-year, single center study showed that pomegranate juice increased 

the mean PSA doubling time coupled with corresponding laboratory effects on CaP in vitro cell pro-

liferation and apoptosis, as well as oxidative stress [71]. No serious adverse effects were reported, 

and the treatment was well tolerated. These results are being further tested in a randomized, double-

blind, three-arm, placebo-controlled study, which began in April 2006, and addresses several limi-

tations of the current study, with the inclusion of two treatment arms in a dose-response design, as 

well as the use of a placebo control [72].

SAW PALMETTO

Some in vivo studies have reported that saw palmetto may have anti–prostate cancer properties and 

be useful in prostate cancer patients [122, 123].

Saw palmetto extract reduces the amount of dihydrotestosterone (DHT) (an active form of tes-

tosterone) binding in the part of the prostate surrounding the urethra. Test tube studies also suggest 

that saw palmetto weakly inhibits the action of 5α-reductase, the enzyme responsible for converting 

testosterone to DHT [124].

There has, however, been no evidence in humans regarding the association with saw palmetto 

and prostate cancer in a human clinical trial. In one prospective cohort study of 35,171 men aged 50 

to 76 years in western Washington State, there was no association with commercial saw palmetto, 

which varies widely in dose and constituent ratios, with prostate cancer risk [125].

V. VITAMINS AND MINERALS IN PROSTATE CANCER (TABLE 40.2)

VITAMIN D

Ecologic data show that where sun exposure is low, prostate cancer rates increase [73]. In the body, 

vitamin D is changed into a hormone with great activity. This activated vitamin D causes “cellular 

differentiation”—essentially the opposite of cancer.

In a preliminary trial, 7 of 16 men who had prostate cancer that had spread to bone and who had 

been unresponsive to conventional treatment were found to have evidence of vitamin D defi ciency 

[74]. All 16 were given 2000 IU of vitamin D per day for 12 weeks, and levels of pain were recorded 

for 14 of these men. Vitamin D supplementation led to reduced pain in 4 of the 14 men, and 6 

showed evidence of increased strength [74]. Those with vitamin D defi ciency were more likely to 

respond, compared with those who were not defi cient [74]. People taking 2000 IU/day of vitamin D 

should be supervised by a doctor.
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In another preliminary study, men with prostate cancer that had relapsed after surgery or radia-

tion therapy were treated with 2000 IU of vitamin D per day for 9 months. In approximately half 

of the men, the prostate-specifi c antigen (PSA) level decreased, suggesting that the progression 

of the disease had been halted or reversed; this decrease was sustained for 5 to 17 months [75]. 

In addition, the study was done in Toronto, Canada, where the amount of sunlight is limited and 

vitamin D status tends to be low. It is not known whether vitamin D supplementation would be as 

effective in geographical regions such as the southern United States, where the amount of sunlight 

is greater.

A normal vitamin D status seems to be an important precondition via the local and autocrine 

synthesis of calcitriol [1,25(OH)2D] in the target tissues for a lower risk of overall morality due to 

organ cancer [76]. A plethora of evidence that vitamin D and its synthetic analogues promote dif-

ferentiation and inhibit the proliferation, invasiveness, and metastasis of human prostatic cancer 

cells both in in vitro and in vivo models exists [77]. In addition, data from various studies sup-

port the concept that adequate exposure to ultraviolet (UV) radiation results in reduced risk of 

TABLE 40.2
Supplemental Nutrients That May Be Benefi cial in Prostate Cancer Treatment

Supplement Dose Regimen Interactions Other

Vitamin D (Cholecalciferol) 2000 IU Daily Helpful with patients on 

docetaxel

Corticosteroids reduce 

active D

 

25(OH)D in the range of 

30-40 ng/mL maximizes 

intestinal absorption of 

calcium; interpret keeping 

seasonal variation in mind

Vitamin E

(Mixed tocopherols)

400 IU Daily Contraindicated with 

blood thinning drugs

May potentiate 

chemotherapy 

Avoid dl-alpha tocopherol 

(synthetic). 

Use mixed tocopherols and 

tocotrienols 

Selenium 200 μg Daily None known Selenomethionine is type 

with best bioavailability 

Higher than 400 μg can be 

toxic—selenosis

Fish oil 1000 mg 2 times a 

day

High doses can possibly 

interfere with blood 

thinning drugs 

Lycopene 15 mg 2 times a 

day

Statin drugs may lower 

levels. Fat substitutes like 

Olestra® may inhibit 

absorption as can 

over-the-counter and 

prescription weight 

reduction medications.

Lyco-Mato® has been 

studied 

Green tea extract 250 mg 2 times a 

day

None known May increase blood pressure 

in hypertensive patients

Zyfl amend: extracts of 

rosemary, turmeric, ginger, 

holy basil, green tea, hu 

zhang, Chinese goldthread, 

barberry, oregano, and 

Baikal skullcap.

1 pill 3 times a 

day

None Drink with food

Prostabel: Pao Pereira and 

Rauwolfi a vomitoria
2 pills 2 to 3 times 

a day

None Drink on an empty stomach
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various diseases, including cancer, through a vitamin D–mediated mechanism. A recent analysis 

of mortality data over a 45-year period (1950 to 1994) by Schwartz and colleagues confi rmed 

their earlier fi ndings that the geographic distribution of CaP mortality is the inverse of that of 

UV radiation [78].

In addition, recent analysis of the available literature indicates a lack of evidence to support asso-

ciation between vitamin D receptor polymorphisms and risk of CaP [79]. Currently, over 2000 vita-

min D analogues have been evaluated, and several have entered phase I or phase II trials in patients 

with advanced cancer. A variety of drug administration schedules have been tried, including daily 

or intermittent administration of oral calcitriol, subcutaneous injections, or in combination with 

other chemotherapeutic agents [80], as the dose-limiting hypercalcemia associated with calcitriol 

has limited the use of natural vitamin D in cancer prevention. Clinical responses have been seen 

with the combination of high-dose calcitriol and dexamethasone, and in a large randomized trial 

in men with an androgen-independent CaP, calcitriol potentiated the antitumor effects of docetaxel 

[80]. Randomized phase III clinical trials are necessary to determine the optimal dose and preferred 

vitamin D analogue along with the route and schedule of administration.

It is appropriate to measure 25-hydroxyvitamin D [25(OH)D] in patients to make sure they have 

adequate levels. Normal ranges are 20 to 56 ng/mL vitamin D level and should not fall below 32 ng/

mL. Any levels below 20 ng/mL are considered serious defi ciency states [81].

VITAMIN E

Vitamin E refers to a group of naturally occurring compounds: the tocopherols, tocotrienols, and 

their natural and synthetic derivatives. Out of the eight different tocopherols included in the term 

“vitamin E,” alpha tocopherol often exerts specifi c functions and is the predominant form of vita-

min E found in plasma and tissues, whereas gamma tocopherol, and not alpha tocopherol, is the 

major form present in the diet. Besides its antioxidant function, vitamin E can regulate cell cycle 

through DNA synthesis arrest in LNCaP, PC-3, and DU-145 CaP cells [82]. Interestingly, tocoph-

erol metabolites have been reported to be as effective as their vitamin precursors in inhibiting PC-3 

growth through down-regulation of cyclin expression, with stronger inhibition seen with the gamma 

forms [83].

Relatively high blood levels of vitamin E have been associated with relatively low levels of hor-

mones linked to prostate cancer [84]. While a relationship between higher blood levels of vitamin 

E and a reduced risk of prostate cancer has been reported only inconsistently [85, 86], supplemental 

use of vitamin E has been associated with a reduced risk of prostate cancer in smokers. In a double-

blind trial studying smokers, 50 IU of a vitamin E supplementation taken daily for an average of 

6 years led to a 32% decrease in prostate cancer incidence and a 41% decrease in prostate cancer 

deaths [87, 88].

While vitamin E has been demonstrated to be protective, a therapeutic role has not been estab-

lished [91–94]. An important methodologic consideration is the type and quality of vitamin E used. 

For example a decrease in CaP risk with alpha-tocopherol occurs through a mechanism that is non-

hormonal and independent of IGF-I [89]. Gamma-tocopherol exhibits anti-infl ammatory activities 

by inhibiting cycloxygenase and possibly lipoxygenase-catalyzed formation of prostaglandin E and 

leukotriene B, respectively [90].

SELENIUM

Selenium is an essential micronutrient, and part of the body’s antioxidant defense system that has 

been shown to inhibit tumorigenesis in a variety of experimental models. Methylated selenium 

sensitizes CaP cells to TRAIL-mediated apoptosis, effectively down-regulates the expression of 

androgen receptor (AR) and PSA in the androgen-responsive LNCaP cells, and inhibits the growth 

of LNCaP xenografts in nude mice [95, 96].
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The double-blind, randomized Nutritional Prevention of Cancer trial, designed to test whether 

selenized yeast could prevent the recurrence of nonmelanoma skin cancer in 1312 patients, showed 

a statistically signifi cant increase in nonmelanoma skin cancer, although a secondary end point 

analysis revealed a striking reduction in CaP incidence in those with low-serum selenium lev-

els. Furthermore, no evidence of selenium toxicity was seen at doses of 400 μg selenium daily in 

424 persons for 1220 person-years of observation [97].

Selenium may have a protective effect against mercury and other heavy metal toxicities [98, 99]. 

Experimental fi ndings have shown that selenium-defi cient rodents are more susceptible to the prenatal 

toxicity of methylmercury. In the neonate, signifi cant alterations of the activities of selenoenzymes, 

such as glutathione peroxidase and iodothyronine deiodinases, were evident  [100].

Selenium appears to antagonize cadmium, especially in acute exposures. In a mouse study, after 

acute cadmium exposure a signifi cant decrease in cadmium levels was observed in the kidneys and 

liver following an eight-week daily selenium supplementation [101].

Selenomethionine was selected for the SELECT trial, which tests the effectiveness of dietary 

supplements of selenium and tocopherol, individually or in combination, in the reduction of clini-

cal incidence of CaP in a population-based cohort of men at risk [94]. The enrollment for SELECT 

began in 2001, and the fi nal results are anticipated by 2013. SELECT will be analyzed as a four-arm 

study, with primary analyses consisting of fi ve pair-wise comparisons of CaP incidence, in associa-

tion with vitamin E versus placebo, selenium versus placebo, vitamin E plus selenium (combination) 

versus placebo, combination versus vitamin E, and combination versus selenium. The participants 

are required to take 200 μg/day L-selenomethionine and/or 400 IU/day of alpha-tocopherol supple-

mentation for 7 to 12 years [94].

VI. ANTI-INFLAMMATORY CHEMOPREVENTION

Cyclooxygenese 2 (COX-2) is overexpressed in many cancers, including prostate cancer, and is a well-

established and signifi cant target for efforts to forestall cancer growth. Benign prostate tissue in can-

cerous prostates has been found to have low COX-2, suggesting increased activity of the enzyme with 

disease progression. COX-2 overexpression is a predictor of worse prostate cancer outcome [102].

Other studies have suggested that angiogenesis is orchestrated in part by increased COX-2 activ-

ity and ensuing prostaglandin production—a hypothesis supported by the effects of some COX-2 

inhibitor drugs on the biochemical measures of apoptosis. COX-2 inhibitor drug celecoxib (Celebrex) 

has been found to be a promising chemotherapy. Inhibition of COX-2 in animals suppresses angio-

genesis and prostate cancer growth and enhances sensitivity to radiation therapy.

Thus, the anti-infl ammatory aspect of chemoprevention appears to be a pivotal one, particularly 

in cases of prostatic intrarepithelial neoplasia (PIN). PIN, which can appear up to 10 years before 

diagnosable cancer and which coexists with cancer in more than 85% of cases, offers investigators 

the opportunity to apply chemopreventive measures when dysplasia is present—the point at which 

prostate carcinogenesis may be at its earliest stages.

Manipulation of pro-infl ammatory eicosanoids can be achieved through two approaches: (1) with 

manipulation of fatty acid intake, providing the body with increased substrate for the production of 

anti-infl ammatory eicosanoids, which then competitively inhibits formation of pro-infl ammatory 

eicosanoids; and (2) with manipulation of COX and LO enzyme isoforms, inhibiting those that 

promote the infl ammation found to encourage prostate carcinogenesis. So far, it appears that fatty 

acid intake is a safe and effective intervention in this regard. Manipulating COX and LO with 

pharmaceutical agents, however, has proven to be a less promising avenue for chemoprevention. 

Recent case-control studies have found signifi cant risks with long-term COX-2 inhibitor therapy, 

with increases in mortality and risk of heart failure and gastrointestinal bleeding.

Herbal anti-infl ammatory agents have a broader, less specifi c effect. As herbs are increasingly 

subjected to the rigors of modern studies, the research community is beginning to recognize their 

therapeutic value.
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Many researchers have explored a variety of natural plant extracts and other natural products to 

elucidate their specifi c and nonspecifi c effects on COX and LO. Curcumin (turmeric), ginger, holy 

basil, resveratrol (concentrated in grape skins), and berberine (from barberry and Chinese goldthread) 

are among the most promising candidates in the burgeoning fi eld of herbal anti-infl ammatories.

A novel compound that we have studied, Zyfl amend, is comprised of these and a few other 

herbs, most of which have nonselective COX-inhibitory effect. Each of the mixture’s components 

has been found to have anti-infl ammatory, antioxidant, and/or antiproliferative effects. Some are 

anti-angiogenic.

In 2005, Bemis and colleagues published the results of an analysis of Zyfl amend’s effects on 

LNCaP cells. The supplement brought about a dramatic drop in both COX-1 and COX-2 activity; 

increased p21 expression; attenuated cell growth; and induced apoptosis. Interestingly, the effect 

of the supplement on LNCaP cells appeared to be due to COX-independent mechanisms, including 

enhanced expression of p21 and reduced expression of AR, pStat3, and PKC alpha and beta [103].

A phase I clinical trial has been recently completed at Columbia in men with PIN to determine 

whether Zyfl amend can infl uence the progression of biopsy-proven high-grade PIN to prostate can-

cer [126]. Of the 15 patients that fi nished the trial, 60% (8/15) had all benign tissue, 36% (5/15) 

had HGPIN in one core, and 14.3% (2/15) developed prostate cancer at the fi nal 18-month biopsy. 

A statistically signifi cant reduction in serum C-reactive protein was also observed (p = 0.045). 

Immunoreactive staining for NFκB, COX-2, IL-6, and thromboxane A-2 were determined and a 

signifi cant reduction in NFκB staining was observed in the 18-month tissue samples (95% CI: 0.8 

to 3.0, p = 0.017).

Curcumin has also been found to be a potent radiosensitizer that enhances radiation-induced 

clonogenic inhibition in tumor cells [104]. At Columbia, Dorai and colleagues found that curcumin 

modulates proteins that suppress apoptosis and interferes with growth factors that promote cancer 

progression [105].

Ginger root fl avors many cuisines, and has been an herbal medicine since antiquity, used to treat 

nausea, motion sickness, upper respiratory infection, and intestinal parasites. Modern investigators 

have discovered in this rhizome more than 20 phytochemicals that inhibit COX-2 and 5-LO. Ginger 

constituents have potent antioxidant and anti-infl ammatory activities; some, particularly shogaols 

and vallinoids [6]-gingerol and [6]-paradol, exhibit cancer-preventive activity in experimental car-

cinogenesis. This herb’s chemopreventive effects have been illustrated in a variety of experimental 

models [106].

Prostabel, an herbal combination containing extracts of Pao pereira (an Amazonian tree) and 

Rauwolfi a vomitoria (from the bark of a sub-Saharan plant), was created by the late molecular biolo-

gist Mirko Beljanski. These plants have been used in indigenous medical traditions for hundreds 

of years; Beljanski found that they had anticancer activities in various cancer cell lines, including 

prostate cancer. Investigations at Columbia have revealed that both Rauwolfi a and Pao extracts 

suppress prostate tumor cell growth in culture and in vivo. Katz and colleagues of Columbia are 

enrolling patients with elevated PSA and negative biopsy results for a phase I study of Prostabel; 

seven regimens are being employed, with subjects taking from two to eight capsules daily of this 

herbal medicine [107].

The herbs listed here are relatively free of interactions with prescription drugs. Turmeric may 

potentiate antiplatelet activity in patients on antiplatelet agents; ginger and turmeric may potentiate 

the effects of blood thinners. Patients should be advised that herbs and drugs can interact in harmful 

ways, and that they should reveal the use of all medications and supplements to their medical team 

so that these kinds of interactions can be avoided.

VII. NUTRIENT-DRUG INTERACTIONS

Some in the oncology community contend that patients undergoing chemotherapy and/or radia-

tion therapy should not use food supplement antioxidants and other nutrients. Although there are 
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few studies observing the interactions between antioxidants and chemotherapy and/or radiation 

with prostate cancer patients, Simone and colleagues researched concomitant nutrient use with 

chemotherapy and/or radiation therapy (280 peer-reviewed articles including 62 in vitro and 218 in 

vivo) among different cancer patients from MEDLINE® and CANCERLIT® databases from 1965 

to November 2003 [87]. These studies show that vitamin A, beta-carotene, and vitamin E do not 

interfere with and actually can enhance the killing capabilities of therapeutic modalities for cancer, 

decrease their side effects, protect normal tissues, and, in some studies, prolong survival.

Antioxidants increase cancer cell differentiation and/or apoptosis, and growth inhibition. 

Antioxidants selectively inhibit repair of radiation damage of cancer cells but protect normal cells 

when antioxidants are used before, during, and after radiation. There are no published studies that 

show antioxidants protect cancer cells against radiation. Vitamin E reduces the expression of vascu-

lar endothelial growth factor and thus acts as an anti-angiogenic factor.

Five early studies showed that N-acetylcysteine, an antioxidant, protects the heart from the car-

diac toxicity of adriamycin without interfering with the tumor-killing capability of adriamycin [111]. 

Cellular animal studies [112, 113] and human studies [114–121] have demonstrated that vitamins A, 

E, C, and K, as well as beta-carotene and selenium—as single agents or in combination—all protect 

against the toxicity of adriamycin and actually enhance its cancer-killing effects.

Cancer patients suffer from caloric and nutritional malnutrition and have vitamin defi ciencies, 

particularly of folic acid, vitamin C, pyridoxine, and other nutrients because of poor nutrition and 

treatment [108]. Chemotherapy and radiation therapy reduce serum levels of antioxidant vitamins and 

minerals due to lipid peroxidation and thus produce higher levels of oxidative stress [22]. Iron could 

be the intermediate cause of this oxidative stress [109, 110]. Therefore, supplemental iron should not 

be recommended to cancer patients who have anemia unless it is an iron-defi ciency anemia.

VIII. SUMMARY

In sum, we encourage patients to have diets rich in the foods found in Table 40.1. Equally important 

is to avoid certain foods: char-grilled meats, trans fats, excess omega-6 fats beyond the ratio with 

omega-3 fats, rancid fats, well-cooked meats, and simple carbohydrates. Nutrient interventions can 

be synergistic with medical treatment of prostate cancer. Supplemental nutrients with the strongest 

evidence are listed in Table 40.2.
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41 Lung Cancer

Nutritional Support

Sheila George, M.D.

I. INTRODUCTION

This chapter informs primary care practitioners about what foods and nutrients are important 

for their patients with non-small cell lung cancer (NSCLC) in order to support the body’s meta-

bolic functions. It discusses nutritional approaches primarily based on seven strategies for cancer 

inhibition.1

II. EPIDEMIOLOGY

Lung cancer is the most common cause of cancer death in the United States with an average 5-year 

survival rate of approximately 16%.2 Cigarette smoking is the number one risk factor with other 

risk factors being chemicals such as asbestos, radon gas, and chromium. Exposure to any of these 

toxicants can result in damage to various genes; and the inability to repair these genes can result in 

lung cancer.

Studies indicate that food and nutrients can affect gene alterations.3 Consequently, we can use 

food and nutrients to assist in cancer inhibition, thus complementing existing therapy for patients 

with lung cancer.

III. PATHOLOGY

The two histologic types of lung cancer are small cell lung cancer (SCLC) and non-small cell lung 

cancer (NSCLC). The focus of this chapter is on tailoring a patient-specifi c nutritional plan for 

people with NSCLC, which is 75% to 80% of all lung cancer and includes adenocarcinoma (40%), 

squamous cell carcinoma (25%), and large cell carcinoma (10%).

IV. STRATEGIES FOR CANCER INHIBITION

Lung cancer is a result of an accumulation of genetic and epigenetic alterations caused primarily 

by exposure to toxins from smoking, asbestos, radon gas, and other toxic agents found in the work-

place. Using food and nutrients to affect these pro-cancer events plays an important role in reversing 

or slowing down this process. The following are seven strategies to inhibit cancer progression as 

defi ned by John Boik in Natural Compounds in Cancer Therapy and how food and nutrients affect 

these strategies.1
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 1. Reduce genetic instability

  Production of reactive oxygen species (ROS) is a normal metabolic process, but excessive 

ROS production creates oxidative stress that can increase genetic instability. Fresh veg-

etables and fruits, which are rich in antioxidants, reduce the effects that oxidative stress 

has on cells and cellular DNA.

   Fresh vegetables and fruits also may help to restore normal DNA methylation. 

   Epigenetic changes in DNA are primarily due to the attachment of methyl groups to 

specifi c locations on the cytosine base. Most genes in cancer cells tend to be hypomethy-

lated, whereas tumor suppressor genes tend to be hypermethylated.5

   Antioxidants help protect DNA from oxidative damage. Therefore, they may help to 

reduce abnormal cytosine methylation. In addition, folate along with vitamin B12, and 

vitamin B6 assist in the production of S-adenosylmethionine (SAM), which helps to regu-

late DNA methylation.

 2. Inhibit abnormal expression of genes

  Transcription factor proteins such as p53 protein, nuclear factor-κB (NFκB), and activa-

tor protein-1 regulate gene expression and thus control the expression and progression of 

cancer. P53 protein initiates repair of DNA and when it cannot, it will induce apoptosis. 

Certain food and nutrients increase normal p53 and decrease abnormal p53 proteins. 

NFκB, which promotes collagenases, infl ammation, and angiogenesis, and activator 

protein-1 (AP-1), which promotes cell proliferation, are found in excess in cancer cells. 

Foods containing antioxidants and phytonutrients may help normalize transcription 

factor protein activity or down-regulate it by inhibition of signal transduction.

 3. Inhibit abnormal signal transduction

  Signal transduction is a normal process that involves the movement of a signal from out-

side the cell toward the cell’s nucleus, where it can stimulate proliferation. There is excess 

signal transduction found in cancer cells, which promotes unregulated proliferation and 

metastasis. Food and nutrients containing fl avonoids such as apigenin, luteolin, and quer-

cetin, curcumin, omega-3 fatty acids, selenium, and vitamin E can inhibit abnormal signal 

transduction.

 4. Encourage normal cell-to-cell communication

  Normal cell-to-cell communication involves cell adhesion molecules (CAM), which are 

located on the outer cell membrane. It also involves intercellular communication via gap 

junctions. Cancer cells have altered CAM activity and a loss of gap junction communication, 

which promotes cancer proliferation. Foods with fl avonoids such as apigenin and luteolin 

may inhibit NFκB and thus the up-regulation of CAM. In addition, food and nutrients con-

sisting of various phytonutrients, omega-3 fatty acids, and selenium facilitate gap junction 

intercellular communication.

 5. Inhibit tumor angiogenesis

  Although angiogenesis, the growth of new blood vessels, is a normal process in the body, 

cancer angiogenesis needs to be inhibited to prevent metastasis. Vascular endothelial 

growth factor (VEGF) stimulates angiogenesis and thus metastasis.6 Nutrients such 

as omega-3 fatty acids and selenium may decrease VEGF and the resulting vascular 

permeability, thereby slowing down angiogenesis. COX-2 inhibitors also reduce angio-

genesis. Alpha-lipoic acid and phytonutrients such as catechins, luteolin, proanthocya-

nins, and resveratrol may help chelate copper, which is needed for angiogenesis to take 

place.
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 6. Inhibit invasion and metastasis

  Cancer cells must invade and digest the extracellular matrix (ECM) in order to spread. 

Food and nutrients that stabilize the extracellular matrix can be used to help decrease inva-

sion and metastasis. Several phytonutrients have been found to inhibit enzymatic digestion 

of normal tissue around the tumor.

 7. Increase the immune system

  Cancer cells can evade immune attack by producing prostaglandin E2. Taking nutrients 

such as glutamine can enhance intracellular glutathione (GSH) and inhibit PGE2.7 In addi-

tion, suffi cient glutathione levels are required for activation of T-cells by interleukin-2.8 

Studies also show that nondenatured whey protein increases GSH levels in normal cells 

helping to detoxify carcinogens and other toxins, while it depletes GSH in cancer cells 

helping to inhibit their growth and proliferation.9

V. FOOD AND NUTRIENTS AS AN ADJUNCT TO THE TREATMENT OF NSCLC

Patients can use food and nutrients to powerfully affect multiple pro-cancer events on a daily basis 

while receiving cancer therapy.

VEGETABLES AND FRUITS

Vegetables and fruits are rich in vitamins, minerals, and phytochemicals that work synergistically 

to help inhibit the growth of cancer. They also contain soluble and insoluble fi ber, which are impor-

tant in controlling blood glucose levels and encouraging a healthful fl ora in the colon, respectively. 

This also helps inhibit the growth of cancer.

A clinical trial with vegetable supplements showed eating vegetables prolongs the life of people 

with advanced NSCLC.10 Daily ingestion of selected vegetables prolonged survival and slowed nor-

mal progression of the disease.

Dark Green Leafy Vegetables
Dark green leafy vegetables (Table 41.1) are an excellent source of magnesium, potassium, folate, 

carotenoids, saponins, and fl avonoids to support the functioning of a healthy metabolism.

Dark green leafy vegetables are a good source of beta-carotene, a carotenoid antioxidant that 

plays a role in blocking the development of cancer. Beta-carotene used as a concentrated supplement 

is harmful for smokers with lung cancer, as proven in the lung cancer chemoprevention trials.11,12 

But as part of a complex array of nutrients and phytochemicals in foods, it inhibits cancer growth.

The high amount of folate in dark green leafy vegetables is important for DNA replication and 

repair. Diets low in folate may increase the risk of lung cancer because without suffi cient folate, 

there is a defi ciency of methyl groups bound to cysteine in DNA, which promotes oncogenes. 

TABLE 41.1
Dark Green Leafy Vegetables

Spinach• 

Dark green lettuce• 

Swiss chard• 

Chicory• 

Collard greens• 

Mustard greens• 

Turnip greens• 

Kale• 

Bok choy• 
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Cruciferous Vegetables (Table 41.2)
Cruciferous vegetables contain phytochemicals, isothiocyanates, and indole-3-carbinol, which have 

the ability to stop the growth of cancer. In particular, the isothiocyanates found only in cruciferous 

vegetables stimulate our bodies to break down potential carcinogens.

In a study of over 18,000 Chinese men in Shanghai, it was shown that subjects genetically defi -

cient in the enzymes that quickly remove isothiocyanates from the body had a decreased risk of 

developing lung cancer.13 They had more protection because the isothiocyanates remained in the 

body longer. Isothiocyanates induce phase II enzymes, thereby inactivating carcinogens and pro-

moting their excretion.14 They also induce apoptosis.

Berries
Berries have phytochemicals, including ellagic acid and fl avonoids, that in lab studies work syner-

gistically to stop the progression of cancer. The anthocyanins in berries are powerful antioxidant fl a-

vonoids that have anti-infl ammatory properties and inhibit epidermal growth factor receptor on cancer 

cells. Berries also have the antioxidant vitamin C that helps to neutralize free radicals and ROS.

Grapes
Grapes have phytochemicals that work synergistically against DNA topoisomerase II, an enzyme 

necessary for the spread of cancer.15 In addition, the skins of red and purple grapes have the poly-

phenol resveratrol. Resveratrol is a powerful antioxidant and anti-infl ammatory, which helps inhibit 

angiogenesis.

WHOLE GRAINS

Whole grains such as millet, brown rice, oats, buckwheat, and quinoa are rich in fi ber, vitamins, 

minerals (including selenium), and phytochemicals, all of which support the body’s metabolism and 

prevent the promotion of cancer. Intact whole grains have a low glycemic index, which supports a 

noninfl ammatory state, while whole grain fl our has nearly the same glycemic index as refi ned fl our.

PROTEINS

Eating quality protein supports the body in building and repairing tissues and making essential 

components such as hemoglobin, enzymes, amino acids, and hormones. The minimum amount of 

TABLE 41.2
Cruciferous Vegetables

Arugula• 

Bok choy• 

Broccoli• 

Brussels sprouts• 

Cabbage• 

Caulifl ower• 

Collard greens• 

Horseradish• 

Kale• 

Kohlrabi• 

Mustard greens• 

Napa• 

Radishes• 

Rapini (broccoli rabe)• 

Rutabagas• 

Watercress• 
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daily protein an adult needs is 0.8 g/kg of body weight, but more is needed for patients with cancer 

based on their catabolic imbalance.

Eggs
Eggs are an excellent source of quality protein with very little fat. A large egg has a total of 5 g of fat 

with about 3.5 g being unsaturated. Unless a patient is “dietary cholesterol sensitive” or has allergies 

to eggs, they are an excellent source of protein. Almost all the absorbed nitrogen from egg protein 

can be retained and used by the body.

Fish
Fish is a good source of protein and easy to digest. In addition, fatty fi sh such as salmon, sardines, 

anchovies, trout, and herring are also rich in omega-3 fatty acids, which inhibit metastasis. However, 

avoid fi sh that is high in mercury. It can interfere with the proper functioning of the immune, ner-

vous, and endocrine systems.

Whey Protein
If a patient is not allergic to whey protein, it is a good source for complete protein. In addition, low-

temperature processed or nondenatured whey protein selectively depletes glutathione in cancer cells 

making them more susceptible to chemotherapy. 

Legumes
Legumes, which include beans, lentils, and peas, are a good source of low-fat protein (though not a 

“complete” protein), fi ber, vitamins, minerals, and antioxidants, which support the body and keep 

pro-cancer activity in check. They have phytochemicals such as saponins, protease inhibitors, and 

phytic acid, which inhibit cancer cells. In laboratory studies, saponins interfere with the replication 

of cancer cells and slow the growth of tumors, protease inhibitors inhibit tumors from releasing 

protease that destroys nearby cells, and phytic acid slows the progression of tumors.1

Beans have a low glycemic index, so there is a slow rise in blood glucose after eating them. This 

prevents hyperinsulinemia, insulin resistance, and infl ammation that promote angiogenesis and the 

progression of cancer.

OMEGA-3 FATTY ACIDS

Foods such as sugar (cake, ice cream, soda, candy), junk food, fast foods, and high-fat meats are 

pro-infl ammatory and stimulate the progression of cancer by stimulating angiogenesis, which is 

necessary for the survival and metastasis of lung cancer.

If omega-6 fatty acids are not excessive, omega-3 fatty acids inhibit infl ammation by suppress-

ing the synthesis of pro-infl ammatory eicosanoids from arachidonic acid. Omega-3 fatty acids also 

promote normal activity of signal transduction molecules, which control cell growth, differentia-

tion, and apoptosis.

It has been shown that omega-3 fatty acid supplementation improves the quality of life and sur-

vival of patients with end-stage cancer.17

The ideal ratio of omega-3 to omega-6 fatty acids is less than or equal to 1:4. The American diet 

typically consists of a ratio on average of greater than 1:15. Two and one-tenth (2.1) g of EPA and 

1.9 g of DHA reduced production of PGE2 by intestinal cells in healthy subjects.18

In addition to omega-3 fatty acid supplements, coldwater fi sh is the best source for these fats. 

Flaxseed is the best plant source for alpha-linolenic acid (omega-3). Walnuts are also a good source 

of omega-3 fatty acids.

It is important to note as elaborated elsewhere in this text that high doses of fl axseed, fl axseed 

oil, and omega-3 fatty acids can interact with drugs that affect blood clotting.
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FLAXSEED

Flaxseed is a rich source of dietary lignans that has antiestrogenic properties and inhibits the aro-

matase enzyme. It is metabolized by the body into two major lignans, enterodiol and enterolactone. 

Enterolactone may produce an antiestrogenic effect by stimulating the production of sex hormone 

binding globulin in the liver and thus regulates the concentration of free sex hormones in the plas-

ma.19 And both enterolactone and enterodiol inhibit the aromatase enzyme, which is involved in 

estrogen synthesis.20 Therefore, fl axseed may be benefi cial to women over 65 with early NSCLC 

who have increased levels of estrogen receptor alpha on cancer cells and increased aromatase levels, 

which is associated with more aggressive disease.21 In this scenario, fl axseed may help to slow the 

progression of the disease.

SELENIUM

Broccoli, brussels sprouts, and garlic grown in selenium-rich soil protect against lung cancer. These 

vegetables contain the most active form of selenium, selenium methylselenocysteine, which induces 

apoptosis independent of p-53 protein activity.22 In addition to being an antioxidant that can neutral-

ize free radicals, selenium inhibits prostaglandins and decreases the rate of tumor growth.

In NSCLC normal p-53 protein is suppressed while abnormal p-53 protein is expressed. Selenium 

activates normal p-53 protein, which induces DNA repair or apoptosis.

Daily doses of 100 to 200 μg of selenium inhibit genetic damage and cancer development in 

humans.23

CURCUMIN

Curcumin found in tumeric inhibits the cyclooxygenase-2 enzyme (COX-2 enzyme), which is up-

regulated in lung cancer. COX-2 is typically undetectable or found in low amounts in normal tissue, 

but increases with the infl ammatory process. And it is overexpressed and involved in the progres-

sion of NSCLC. Curcumin inhibits NFκB, which is activated by pro-infl ammatory signals and 

up-regulates COX-2.24

Up-regulation of epidermal growth factor receptor (EGFR) is another factor implicated in the 

progression of NSCLC. Curcumin has also been found to inhibit EGFR intrinsic kinase activity and 

EGF-induced tyrosine phosphorylation of EGFRs.25 In addition, curcumin increases the expression 

of normal p53 protein.26

VITAMIN D

Vitamin D has anti-cancer properties. It can inhibit cell growth and angiogenesis and contributes to 

apoptosis and cell differentiation. It has been shown that a high vitamin D level is associated with 

prolonged survival in NSCLC.27 Most people in the United States do not get enough sunlight, there-

fore, a 25-hydroxyvitamin D level is recommended to determine if supplementation is necessary.

VI.  EFFECT OF CHEMOTHERAPY AND RADIATION 
THERAPY ON NUTRITIONAL STATUS

Chemotherapy and radiotherapy affect the rapidly dividing cells of the gastrointestinal tract (GIT). 

This has an effect on digestion and absorption of nutrients. It also creates an environment for the 

development of food reactivities. Some patients have prior unrecognized food allergies that worsen 

with chemotherapy and radiation. Avoiding common allergens such as gluten and cow dairy and 

protecting and nourishing the cells of the GIT with glutamine can improve a patient’s energy and 

well-being.
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Chemotherapy can also upset the normal fl ora balance and create a dysbiosis, which can put an 

additional strain on the body. Small bowel overgrowth of microfl ora can interfere with the avail-

ability of nutrients. Probiotics and fi ber-rich vegetables can help to maintain intestinal health and 

optimal absorption.

Because chemotherapy and radiotherapy kill tumor cells (and normal cells) this creates an 

increased toxic load for the body. Therefore, all the organs of elimination need to be functioning 

optimally. The liver must have all the necessary enzymes, vitamins, minerals, amino acids, antioxi-

dants, and other nutrients required for phase I and II detoxifi cation. The bowels must be open and 

moving regularly without dysbiosis. The patient must be well hydrated with pure water to facilitate 

the movement of intracellular and extracellular toxins out of the body and to optimize the function-

ing of the perspiration mechanism and urinary system. Daily dry skin brushing should be done to 

keep the toxic load in the lymphatic system moving toward the circulatory system, thus decreasing 

intercellular congestion and facilitating nutrients into the cells. Sinus cleansing should be done if 

the sinuses are not draining properly. In addition, moderate exercise helps with all the organs of 

elimination. Addressing the aforementioned will improve the overall health of the patient and the 

effectiveness of therapy.

The platinum and taxane chemotherapeutic drugs used for NSCLC can cause peripheral neu-

ropathy. Acetyl-l-carnitine has been shown to improve damage done to the nervous system due to 

chemotherapy.28 Also, B vitamins given IM are useful in decreasing the side effects of neuropathy. 

Moreover, starting both acetyl-l-carnitine and adequate B vitamins prior to chemotherapy may 

prevent the peripheral neuropathy commonly experienced. Cisplatinum can also cause electrolyte 

wasting. Foods such as celery juice and coconut water can help to maintain electrolyte balance.

Hyperglycemia and insulin resistance, which is a typical metabolic response in advanced cancer, 

can affect a patient’s response to chemotherapy.29 Proper diet, nutrients such as omega-3 fatty acids, 

alpha-lipoic acid, calcium, and magnesium, and stress reduction and exercise may help to improve 

insulin sensitivity and thus improve response to chemotherapy.

VII. FOOD AND NUTRIENTS AND COMORBID CONDITIONS

Cancer cachexia occurs in up to 80% of people with advanced cancer and is directly responsible 

for death in up to 20% of cases.30 It is not fully understood, but the presence of the tumor leads to 

the persistent release of pro-infl ammatory cytokines such as TNF alpha, interferon gamma, IL-1B, 

and IL-6 by the body. These cytokines coupled with the production of cytokines and the release of 

catabolic factors by the tumor such as lipid mobilizing factor (LMF) and proteolysis inducing factor 

(PIF) lead to tissue breakdown from both the fat and skeletal muscle compartments of the body.31

Melatonin decreases TNF production.32 “In a randomized study of 70 patients with advanced 

NSCLC treated with cisplatin and etoposide, the addition of melatonin (at 20 mg/day, orally) 

increased the 1-year survival rate as compared to those receiving only chemotherapy (from 19% to 

44%). In the group taking melatonin and chemotherapy, no cachexia was reported, but in the one 

taking chemotherapy only, 44% of patients experienced cachexia.”33

Nutritional supplementation alone cannot reverse cachexia, but may be able to prevent or slow the 

process. EPA in large doses will down-regulate pro-infl ammatory cytokines and PIF.34 The intake of 

suffi cient quality protein and glutamine will support protein synthesis. Melatonin will reduce TNF. 

So, the combination of EPA, highly absorbable and utilizable protein, glutamine, plus high-dose 

melatonin (20 mg at night) may help to slow down the progression of tissue wasting and the advance-

ment of cachexia. Moreover, incorporating these nutrients early on may prevent cachexia altogether.

Fatigue is also a critical issue in patients with NSCLC. It can be due to multiple reasons such 

as the metabolic effects of the cancer itself, cancer therapy (chemotherapy or radiotherapy), endo-

crine dysfunctions, toxic overload in the body, poor assimilation of nutrients, depression, anemia, 

insomnia, shortness of breath, low-grade infection, and pain. Optimizing the diet, ensuring all the 

organs of elimination are functioning properly, addressing treatable causes of anemia and hormonal 
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imbalances, incorporating relaxation techniques if insomnia is due to anxiety, treating any low-grade 

infections and pain, and incorporating mild to moderate exercise will help to mitigate fatigue.

VIII. RECOMMENDATIONS

ASSESS DEFICIENCIES

Laboratory tests to assess reversible nutrient and hormone defi ciencies include:

Essential amino acid profi le • 

Red blood cell mineral analysis• 

Thyroid profi le: TSH, free T3, and free T4• 

Saliva for morning and evening cortisol levels• 

25-hydroxyvitamin D level• 

Vitamin B12 level• 

OPTIMIZE THE FUNCTION OF ORGAN SYSTEMS

Optimize digestive functioning with pancreatic enzyme support, if there is no history of • 

gastritis.

Supplement with iodine to achieve TSH levels in the optimal range.• 

Utilize prebiotics and probiotics to maintain healthful microfl ora.• 

Ensure phase I and phase II liver detoxifi cation is balanced (Chapter 12, “Viral Hepatitis”).• 

Support adrenal glands as necessary based on stage of adrenal exhaustion (resistance or • 

exhaustion stage).

Keep all organs of elimination functioning properly.• 

RECOMMEND NUTRIENTS FOR METABOLIC SUPPORT

Cruciferous and dark green leafy vegetables, twice daily, plus a variety of other vegetables • 

and fruits.

Eggs, three to four times a week.• 

Fish rich in omega-3 fatty acids, three to four times a week.• 

Legumes and whole grains, which are free of gluten.• 

Omega-3 fatty acid supplements with an EPA component of 2 g/day. Some patients may • 

require supplemental GLA even though this is an omega-6 fat.

Omega-3 fatty acids to omega-6 fatty acids should be maintained at a ratio of 1:4 or less.• 

Selenium 200 μg/day.• 

Calcium 1000 mg and magnesium 400 to 500 mg daily, with extra magnesium as needed.• 

Multivitamins and minerals without iron and copper or beta-carotene.• 

Vitamin D3, 1000 IU/day as a maintenance dose. Higher dosing may be necessary in some • 

patients.

Acetyl-l-carnitine, 500 mg twice a day between meals to protect the nervous system • 

throughout the duration of chemotherapy.

Glutamine swish and swallow between meals at a dose of 4 g twice a day.• 

Melatonin, 20 mg a half hour before bed for advanced cancer. Caution should be taken • 

with those patients on anticoagulants.

Plenty of pure water.• 

Nonallergic highly absorbable protein supplement, with amount based on defi ciency of • 

amino acids.

Eating every 3 to 4 hours during the day.• 

Avoiding processed sugar and junk food.• 

Supplements should be taken with food unless otherwise specifi ed.• 
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Eating a variety of food and nutrients that support the body’s metabolic functions while also 

inhibiting multiple aspects of pro-cancer activity in the body will improve the quality of life and 

survival of patients with NSCLC.
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42 Pregnancy

Optimizing the In Utero 
Environment

Gary Chan, M.D.

I. INTRODUCTION

Women with suboptimal nutrient levels may experience clinical symptoms consistent with defi ciency 

syndromes during the high-nutrient demands of pregnancy. Delays in diagnosing nutrient defi cien-

cies that arise during pregnancy can be costly to both maternal and fetal health. Recent technologic 

advances have allowed research into the consequences of a nutrient-compromised fetal environ-

ment. The fetal nutrient environment exerts measurable impact on the interpretation of genome. 

This chapter on the nutritional aspects of pregnancy presents research on the in utero environment, 

potential long-term implications, and strategies for mothers to improve their own nutrition during 

pregnancy. We will fi rst review the effects of maternal nutrition, health status, and toxin exposure 

on the health of the fetus. We will then use the pathology of intrauterine growth restriction (IUGR) 

as a case example to illustrate how early nutritional deprivation in a fetus can exert long-term health 

consequences. Finally, we will conclude with a list of dietary recommendations for the pregnant 

woman aimed at maximizing the health of both mother and child.

II. EPIDEMIOLOGY

Defi ned as the number of births per 1000 individuals, the birth rate has decreased from 16.7 in 

1990 to 14 in 2005 [1]. There has been an increase in the percentage of infants born prematurely, 

less than 37 weeks gestation. Between 1990 and 2005, this percentage rose from 10.6% to 12.7%. 

Furthermore, this increase has been seen across multiple races since the year 2000. Some of this 

increase may be explained by an increased rate of multiple gestation pregnancies. Twin births rose 

from 22.6 in 1990 to 32.2 in 2005. However, it is important to note that an increase in premature 

births has also been noted in singleton pregnancies [1]. Another increasing trend is that of infertility. 

The underlying causes for these trends remain poorly understood, and maternal nutrition may be a 

contributing factor. A number of factors place women at an increased risk of infertility, including 

advancing age, polycystic ovarian syndrome (PCOS), and obesity. Of note, both PCOS and obesity 

have direct links to poor maternal nutrition.
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III. PATHOPHYSIOLOGY

MATERNAL WEIGHT AND BIRTH OUTCOMES

Appropriate weight gain during pregnancy has been associated with outcome. Weight gain com-

prises the changes in the mother’s body and the products of conception: fetus, amniotic fl uid, and 

placenta. More than 30 years ago, researchers [2] reported that the average weight gain during preg-

nancy for healthy primigravadas was 12.5 kg, a value still accepted as the norm. They estimated that 

the accepted 12.5 kg weight gain included: fetus (3400 g), amniotic fl uid (800 g), placenta (659 g), 

blood volume expansion (1450 g), increased extracellular and extravascular water (1480 g), uterus 

(970 g), mammary tissue (405 g), and maternal fat (3345 g) [2].

Low gestational weight gain during pregnancy is associated with increased risk of intrauterine 

growth retardation (IUGR), low birthweight, and perinatal mortality. High gestational weight gain 

is associated with high birthweight but also with increased risk of complications during labor due to 

feto-pelvic disproportion. This complication is even higher in short-stature women [3]. The current 

Institute of Medicine recommendations for weight gain during pregnancy are shown in Table 42.1. 

The desirable weight gain in each pre-pregnancy weight-for-height category is that expected for 

delivery of a term infant weighing 3 to 4 kg. Higher weight gains are recommended for thin women. 

Lower weight gains are recommended for overweight and obese women to help minimize later 

maternal fat gain.

Pregnant obese women are at risk for perinatal complications. Women with a body mass index 

(BMI) greater than 30 kg/m2 have a higher risk of gestational hypertension, diabetes, and fetal 

macrosomia compared with women with a BMI less than 30 kg/m2. Also mothers with BMI 30 to 

34.9 kg/m2 have a 34% Cesarean section rate compared to 21% rate in mothers with a lower BMI. 

Obesity increases the operative complications such as excessive blood loss, anesthesia problems, 

increased operative time, wound infections, postpartum endometritis, and increased length of hos-

pital stay [4].

Excessive weight gain during pregnancy increases the risk that the mothers will develop type 

II diabetes and obesity. The development of type II diabetes is affected by a multitude of factors, 

including ethnicity, age, obesity, and sedentary lifestyle, and whether the mother had pregnancy-

induced diabetes. Obesity has been associated with the amount of weight gain during pregnancy 

and the time required to lose the pregnancy weight. Mothers who lost their pregnancy weight by 

6 months only gained an average 2.4 kg later. However, those mothers who kept their pregnancy 

weight at 6 months postpartum weighed 8.3 kg heavier later in life [5]. Breastfeeding and exercise 

can help in weight loss but only if they are done for longer than 12 weeks.

TABLE 42.1
Recommended Total Weight Gain Ranges for Pregnant 
Women by Prepregnancy Body Mass Index (BMI)

Weight for Height
Recommended Total Weight 

Gain, Kg (lb)
Low (BMI < 19.8)

Normal (BMI 19.8 – 26)

High (BMI 26 – 29)

Obese (BMI > 29)

12.5 – 18 (28–40)

11.5 – 16 (25–35)

7 – 11.5 (15–25)

> 6 (15)

 Adolescent and African American women should strive for gains at the 

upper end of the recommended range. Short women (< 157 cm or 62 in) 

should strive for gains at the lower end of the range. BMI is defi ned as 

weight in kilograms divided by height in meters2.

Source:  Institute of Medicine. Nutrition During Pregnancy (Washington, 

DC: The National Academies Press, 1990).
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Maternal obesity also appears to impair the process of breastfeeding. While simple mechanical 

factors likely play a role in this, it appears that obesity reduces prolactin response. Rasmussen et 

al. studied the response to suckling in 40 women in the week following delivery [6]. Overweight 

and obese women exhibited a blunted prolactin response during lactation as compared to normal 

weight controls. The impaired milk production in overweight mothers may be the reason why they 

tend to breastfeed for shorter durations of time. As such, maternal obesity serves as a risk factor for 

inadequate lactation, often considered an extension of the in utero environment.

LACTATION, AN EXTENSION OF THE IN UTERO ENVIRONMENT

Further emphasizing the importance of breastfeeding on infant health, Von Kries [7] examined the 

association between breastfeeding and childhood obesity. This survey study evaluated 9357 5- and 

6-year-old children. Results indicated that the prevalence of obesity (BMI > 97th percentile) was 

only 2.8% in children who were breastfed, versus 4.5% in nonbreastfed children. The prevalence of 

obesity steadily decreased with the longer duration of breastfeeding. This study indicates that post-

partum women should be encouraged to breastfeed, as this may help decrease the number of obese 

children who become obese adults [8].

MATERNAL DIABETES

Diabetes during pregnancy presents higher mortality and morbidity for the mother and the fetus 

compared to nondiabetic mothers. The glucose control of the diabetic mother may become more 

diffi cult with increased risk of preterm labor and spontaneous abortions. The fetus has increased 

risk of developing malformations of the central nervous system, heart, gastrointestinal tract, renal 

system, and skeleton. Causes of these malformations have been related to the poor glucose control 

and impaired magnesium metabolism during the diabetic state [9]. Though stabilizing and control-

ling glucose levels during the diabetic pregnancy are critical, more research in this area is needed 

to improve the perinatal outcome in diabetic mothers.

MATERNAL IRON DEFICIENCY ANEMIA

Mothers with iron defi ciency anemia are at risk for preterm delivery and low-birthweight infants. 

Anemia during the fi rst trimester has been associated with preterm labor. This association may be 

due to the hypoxia from the anemia, stress, and/or maternal infection. More studies are needed to 

understand the basic pathophysiology between maternal anemia and the perinatal outcome [10].

MATERNAL PKU

Phenylketonuria (PKU) is an autosomal recessive genetic disorder characterized by a defi ciency 

in an enzyme needed to metabolize the amino acid phenylalanine. Left untreated, the elevated 

phenylalanine can cause problems with brain development leading to mental retardation and 

seizures. Adults with PKU are generally not restricted in their phenylalanine intake. But, pregnant 

women who have PKU especially need to be on a low-phenylalanine diet so that their phenylalanine 

levels do not damage the developing fetal brain [11].

HYPERTENSION AND PREECLAMPSIA

High blood pressure may be a preexisting condition in the mother or develop during the pregnancy 

(preeclampsia). Hypertension has a major effect on the mother and fetus. For the mother, it may cause 

cardiovascular stress leading to cardiac failure and neurologic compromise leading to stroke and/or 

seizures. For the fetus, maternal hypertension will reduce uteroplacental blood fl ow, decrease pla-

cental growth and development, and compromise fetal oxygen and nutrient supply. Pharmacologic 
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intervention remains the major treatment for maternal hypertension during pregnancy. The use of 

calcium supplementation for maternal hypertension is discussed later in this chapter.

MATERNAL EXPOSURE TO PHARMACOLOGIC AGENTS

Many commonly prescribed medications have the ability to impact the development of the fetus 

(Table 42.2). Drugs that affect the fetus do so by several mechanisms. First, the unique character-

istics of the fetal circulation represent an important determination of drug distribution and dispos-

ition. A major part of umbilical venous blood fl ow enters via the ductus venosus, bypassing the 

liver, so the fetus is generally exposed to high levels of unmetabolized drug. Also, the fetal liver is 

immature and has relatively little drug-metabolizing capacity. The binding of the drug by fetal pro-

teins is limited. Oxidative enzyme and conjugation systems appear to be defi cient. Finally, the fetal 

excretory activity of drugs is limited. Renal excretion of drugs is limited in the fetus. The major 

clearance of drugs is by the fetal liver and placenta; this may be impaired from the drug itself or by 

placental impairment. Thus, the fetus may be exposed to high and prolonged drug levels [12, 13].

MATERNAL TOXIN EXPOSURE

Toxin exposure in the mother can have signifi cant consequences for the fetus. One well-known 

example is that of maternal mercury exposure leading to a variety of neurological defects in the 

fetus. The tragic consequences of excessive mercury exposure were seen in Japan in the 1950s [14]. 

Thousands of people were exposed to high levels of mercury in their diets secondary to industrial 

dumping of chemicals, conversion of inorganic mercury into methylmercury by marine algae, and 

subsequent buildup of mercury stores within fi sh. Referred to as Minamata disease, the result of the 

exposure was a wide range of neurological illnesses and death in people of all ages. Fetal effects 

were likely compounded by the fact that the placenta may actually serve to concentrate mercury 

levels in the fetus by removing mercury from the maternal bloodstream.

Nishikido et al. studied the effects of selenium supplementation on pregnant mice who were 

exposed to varying levels of mercury [15]. He noted that relatively small amounts of selenium 

(one-tenth part per million) were able to prevent lethal fetal toxicity in mice whose mothers were 

fed mercury. Mercury levels did not vary between selenium supplemented and nonsupplemented 

TABLE 42.2
Drugs Affecting Fetal Growth
Alcohol

Nicotine

Steroids

Illicit Drugs:

 Heroin

 Cocaine

 Marijuana

 Methadone

 Methamphetamine

 Opiates

 Phencyclidine

Immunosuppressive Drugs

Note:  A variety of legal and illicit drugs have the potential to signifi cantly 

alter fetal growth, thus making a thorough medication history 

essential when caring for the pregnant woman.
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subjects, suggesting that selenium exerts its protective effect in a manner in addition to blocking 

mercury absorption.

INTRAUTERINE GROWTH RESTRICTION (IUGR)

Defi ning IUGR
Having reviewed the importance of maternal nutrition, health, and toxin exposure on the health of 

the fetus, let us turn to a specifi c cause of fetal nutritional deprivation to better understand how it 

affects the long-term health of the fetus. In generic terms, IUGR can be defi ned as the failure of a 

fetus to achieve its inherent growth potential. IUGR is the second leading cause of infant morbid-

ity and mortality. Clinically, infants who are born at a weight less than the 10th percentile for their 

gestational age are often classifi ed as IUGR [16], with those whose weight is less than the 3rd per-

centile being at increased risk for perinatal morbidity and death [17]. However, each of these defi ni-

tions fails to distinguish between infants who are IUGR from those who are simply constitutionally 

small. The ability to make this distinction remains a diffi cult clinical and research problem. Despite 

this limitation, IUGR is a clinical risk factor for several medical conditions throughout life.

Multiple etiologies of IUGR exist, including problems inherent to the fetus itself such as genetic 

disorders, chromosomal abnormalities, and infectious diseases, as well as problems external to the 

fetus such as utero-placental insuffi ciency (UPI) and maternal malnutrition. The prevalence of dif-

ferent etiologies varies throughout the world, with UPI accounting for the majority of cases in the 

developed world [18].

The placenta is responsible for transporting all of the components of metabolism and nutrition 

to the developing fetus. Establishment of the placenta is a complex process beyond the scope of this 

review, but any disturbance to this process jeopardizes the ability of the placenta to effectively pro-

vide glucose, protein, fatty acids, oxygen, and other key elements to the fetus. It is important to note 

that, in up to one-third of twin pregnancies, the two fetuses share a common placenta. Therefore, 

twin studies that examine the effects of genetics on health outcomes face a signifi cant confounding 

variable in that many of these subjects have also shared a similar intrauterine environment.

Since UPI and its associated deprivation of nutrient supply to the fetus is the leading cause of 

IUGR in the United States, examining the long-term health outcomes of IUGR infants provides an 

important insight into the role of intrauterine nutrition on health later in life. After briefl y examining 

how IUGR impacts the nutritional status of the fetus, we will then discuss these long-term effects.

Glucose
Glucose serves as the primary energy source for the developing fetus. It is transported from the pla-

centa to the fetus primarily through the actions of specifi c transporters in a concentration-gradient-

dependent manner [19]. Along with amino acids, glucose stimulates the production of insulin, insu-

lin-like growth factor (IGF)-1, and IGF-2, factors that play key roles in promoting fetal growth. As 

such, limitations in glucose supply have the ability to directly impair normal growth.

Once glucose delivery to the fetus drops below a critical level, fetal hypoglycemia ensues. This 

leads to a complex metabolic response in an attempt to compensate for inadequate fuel supplies for 

aerobic metabolism. Insulin secretion is inhibited and glucagon levels rise, which contributes to 

gluconeogenesis and release of limited hepatic glycogen stores [20]. Protein stores are broken down 

to provide substrates for gluconeogenesis [21]. In addition to adaptations directed toward normaliz-

ing plasma glucose levels, vital organs like the brain can utilize alternate sources of energy, such as 

lactate and ketones [22]. The net result of the compensatory measures is a relative normalization of 

glucose levels at the expense of glucose stores. As a result, IUGR infants are born with signifi cantly 

depleted hepatic glycogen stores [23]. When the limited but continuous supply of glucose from the 

placenta is interrupted after birth, these infants are at increased risk for developing hypoglyce-

mia and require frequent initial glucose monitoring. It is important to maintain a steady supply of 
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glucose to the infant. It has been a standard of care to start parenteral nutrition of glucose and amino 

acids immediately after birth for preterm or IUGR infants.

Protein
In addition to leading to protein breakdown to generate the precursors of gluconeogenesis, IUGR 

adversely affects amino acid levels in the fetus in other ways. Per unit of body weight, IUGR infants 

exhibit decreased total body protein secondary to decreased muscle growth. Amino acids are trans-

ported across the placenta by transport systems that are specifi c for different types of amino acids 

[24]. In normal pregnancies, this active process leads to a greater fetal circulating pool of amino 

acids than that found in the maternal blood supply. Amino acids play key roles in helping to regulate 

insulin, IGF-1, and IGF-2 production, and are also necessary substrates for protein synthesis and 

muscle growth. For these reasons, early protein administration is considered the standard of therapy 

to prevent protein catabolism within the fi rst 24 hours of life for preterm or IUGR infants.

Several studies have identifi ed specifi c amino acid defi ciencies in IUGR pregnancies [25]. While 

the underlying mechanism is not completely understood, decreases in amino acid transport from 

the placenta to the fetus may play a key role. The net decrease in amino acid transport and low fetal 

plasma levels contribute to growth defi ciencies in the IUGR fetus.

Fatty Acids
Fatty acids are transmitted across the placenta by both simple diffusion and with specifi c binding 

proteins. These binding proteins enable higher levels of certain fatty acids within the fetal circula-

tion relative to the maternal circulation. The vast majority of fat deposition occurs during the last 

10 weeks of gestation [26]. This deposition serves as a signifi cant source of postnatal energy stores. 

The combination of decreased fatty acid supply to the fetus as well as decreased insulin levels sec-

ondary to fetal hypoglycemia leads to impaired fat stores at birth in the IUGR infant.

In addition to being an important source of energy, fatty acids are key components to proper 

neurological and ocular development. In particular, two polyunsaturated fatty acids, arachidonic 

acid (AA) and docosahexaenoic acid (DHA), are thought to be integral to this function. Human 

studies demonstrate a decreased fetal-to-maternal serum ratio of AA and DHA in IUGR infants as 

compared to control infants [27]. While a causative link has not been established, this may play a 

role in the increased risk of neurological morbidity faced by IUGR infants.

Effects of IUGR on the Long-Term Health of the Fetus
What long-term consequences do these early nutritional insults have? Over the last 20 years, mul-

tiple large epidemiological studies have linked impaired intrauterine growth with several adult-

onset metabolic morbidities. Barker et al. was the fi rst to examine the association between birth 

weight and risk for ischemic heart disease [3]. In a retrospective study involving over 5600 men 

born in England between 1911 and 1930, subjects weighing less than 5.5 pounds were found to be at 

the highest risk for developing ischemic heart disease. In another large study involving a different 

population of more than 1500 men, Barker showed that IUGR, rather than simply low birth weight, 

was related to the increased risk of cardiovascular disease and mortality as an adult [28]. Additional 

studies have subsequently revealed that these increased risks are shared by small-for-gestational age 

(SGA) females as well [29].

In addition to the increased risks IUGR infants face for cardiovascular disease as adults, several 

studies have shown that these infants are more likely to suffer from impaired glucose tolerance and 

non-insulin-dependent diabetes mellitus as adults [30, 31]. For example, Ravelli compared glucose 

tolerance levels in adults who were prenatally exposed to the Dutch famine of the 1940s to adults 

who were conceived or born in the years prior to and following this period. As compared to subjects 

not exposed to famine conditions while in utero, exposed subjects had impaired glucose tolerance 

when challenged with an oral glucose load. Another study determined that ß-cell function in the 

pancreas becomes impaired secondary to nutritional defi ciencies antepartum [32]. Further studies 
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by Barker reported an increased risk of developing insulin resistance, observing that at age 50 years, 

subjects who had a birthweight of less than 2.5 kg had a 10-fold higher incidence of the insulin 

resistance syndrome than subjects with a birthweight greater than 4.5 kg.

Levy-Marchal et al. performed a case control study examining the association between insulin 

resistance and low birthweight. They compared 20-year-old subjects who were born with IUGR 

to age-matched controls of a normal birthweight. They measured peripheral glucose uptake under 

euglycemic hyperinsulinemic clamp and noted a signifi cantly decreased peripheral glucose uptake 

in IUGR subjects [33].

The observation that IUGR leads to increased risks of both cardiovascular disease and impaired 

glucose metabolism led Barker and Hales to develop the “thrifty phenotype” hypothesis [34]. This 

hypothesis states that a fetus facing nutritional deprivation would divert nutrition to vital organs 

like the brain in preference to less vital organs like skeletal muscles and abdominal viscera. If this 

occurs during a critical stage of organ development, long-term alterations in organ function may 

result. This would allow a fetus to survive birth and prepare for a nutritionally restricted extrauter-

ine environment. However, pathologies arise when the growth-restricted fetus enters a world not 

of nutritional defi cit but rather nutritional excess. As these children grow into adults, adaptations 

in regulating metabolism meant for dealing with starvation may be maladaptive when calories are 

abundant. This then leads to increased risks for diabetes and cardiovascular disease. Indeed, studies 

have shown that, among SGA infants, those with the highest prevalence of diabetes are those that 

go on to develop obesity as adults [30]. For these reasons, parents of children with IUGR should be 

counseled regarding the increased adulthood risks for cardiovascular disease and diabetes and that 

a healthful diet and lifestyle is, therefore, of even more importance.

Pathophysiology of IUGR: Role of Epigenetics
What are the mechanisms by which IUGR, an insult that occurs prenatally, can give rise to 

adverse outcomes decades later? A growing body of literature suggests that IUGR leads to these 

changes via epigenetic modifi cations. Epigenetic modifi cations alter gene expression within cells 

without changing the underlying genome. Recall that all cells within a given person contain 

the identical DNA sequence, consisting of approximately 20,000 to 25,000 genes [35]. Despite 

possessing the information to express each of these genes, any given type of cell only expresses 

the genes needed for it to perform its specifi c functions. For example, the genes expressed by a 

cardiac cell vary greatly from those expressed by a neuron, despite the fact that each contains the 

same genetic information. Therefore, it is important for cells to “turn on” certain genes, while 

“turning off” others. This is accomplished by altering the chromatin structure of the DNA. This 

allows the transcriptional machinery responsible for generating mRNA and ultimately proteins 

to easily access some genes and bar others. In this way, within a given cell, certain genes will be 

more actively expressed.

Alterations in chromatin structure are achieved by chemical modifi cations of either the DNA 

itself or of the supporting proteins around which DNA is wrapped, known as histones. A variety 

of proteins have the ability to add methyl or acetyl groups to either DNA or histones. The addi-

tion of these groups alters the structure of the chromatin and either facilitates or inhibits a gene 

from being transcribed. Nutrients are known to affect the proteins responsible for making these 

modifi cations. For example, folate is needed for proper DNA methylation. It may be the case that 

folate defi ciency during pregnancy leads to aberrant DNA methylation patterns and that this in 

turn plays a signifi cant role in the increased risk for the development of neural tube defects in 

folate-defi cient fetuses. Similarly, a growing body of literature has shown that IUGR alters the 

patterns of DNA and chromatin methylation and acetylation on specifi c genes. This may be the 

mechanism by which IUGR alters gene expression and ultimately leads to the pathologies seen in 

adult IUGR individuals.

Studies by Dolinoy et al. further support the argument that the nutritional status of the mother 

can alter gene expression in the fetus. Using a genetically altered mouse model, these researchers 
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have shown that maternal exposure to bisphenol A (a toxic byproduct of plastic production) leads to 

hypomethylation of key genetic components in the offspring [36]. These alterations are visualized 

phenotypically by a change in fur color that results from the altered gene expression. Of striking 

importance, further supplementing the maternal diet with nutrients that serve as methyl donors 

(such as folic acid or genistein) negates the effects of bisphenol A by reducing the hypomethyla-

tion of these same genetic components. As such, this important work not only demonstrates that 

adverse nutritional exposures can alter gene expression, but that further nutritional interventions can 

counteract potential insults. This area of research offers exciting promise for future dietary recom-

mendations to pregnant women.

IV. MANAGEMENT RECOMMENDATIONS

EDUCATE

The primary care setting offers the opportunity to emphasize that the fetal environment, greatly 

infl uenced by nutrition, interprets the conferred genetic material.

ASSESS NUTRITIONAL STATUS

Assessment of a woman’s nutritional status during pregnancy is more complicated than assessment 

of a nonpregnant woman. The physiological changes of pregnancy, including hormone-induced 

changes in metabolism, shifts in plasma volume, and changes in renal function and patterns of 

urinary excretion, result in alterations of nutrient levels in the tissues and fl uids available for evalu-

ation and interpretation [37]. Plasma concentrations of some nutrients show a steady decrease as 

pregnancy progresses, possibly a result of hemodilution. Concentrations of other nutrients, however, 

may be either unaffected or increased because of pregnancy-induced changes in the availability of 

carrier molecules.

The current recommended dietary reference intakes (DRIs) for pregnant, lactating, and non-

pregnant adult women (ages 19–50 years) are shown in Table 42.3 [38]. Table 42.3 is based on the 

resources using the adequate intake (AI), which refers to the recommended daily average intake 

level, assumed to be adequate, that is based on either observed or experimentally determined esti-

mates of nutrient intake by apparently healthy individuals; and the recommended dietary allowance 

(RDA), which refers to the average daily dietary nutrient intake level suffi cient to meet the nutrient 

requirement of nearly all (97% to 98%) healthy individuals.

REVIEW NUTRIENT REQUIREMENTS

Energy
When compared with a nonpregnant woman, a pregnant woman requires an estimated average 

additional energy during the course of a term pregnancy of approximately 335 MJ (80,000 calories). 

This includes energy needed for the products of conception (0.2%), maternal fat stores (0.4%), and 

extra energy needed to maintain new tissues (0.5%) [2, 39]. Energy demands during pregnancy 

are affected by food intake, physical activity, diet-induced thermogenesis, and maternal fat stor-

age. Thus the current recommended dietary reference intakes of an additional 340 kcal/day (1420 

kJ/day) and 452 Kcal/day (1888 kJ/day) during the second and third trimesters, respectively, may 

not meet individual’s energy needs. Interestingly, although the maternal basal metabolic rate rises 

throughout pregnancy in well-nourished women, it has been found to decrease in poorly nourished 

women until late in pregnancy, suggesting an energy-sparing metabolic fl exibility that benefi ts the 

developing fetus [40].
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Protein
During pregnancy, the mother accumulates an estimated 925 g of protein, which is deposited in 

fetal, placental, and maternal tissues primarily during the second and third trimesters [37]. Protein 

requirements during the fi rst trimester do not increase signifi cantly. However, during the last 

two trimesters, the calculated protein RDA for a pregnant woman is 1.1 g/kg/day, equivalent to 

25 g/day of additional protein for a pregnant 57 kg reference woman. This results in a recommended 

protein intake of 71 g/day for a pregnant woman compared with 46 g/day for a nonpregnant woman 

TABLE 42.3
Recommended Daily Energy and Nutrients During Pregnancy and Lactation Compared to 
Nonpregnant Adults

Dietary Reference Intakes % ≠ over Adult Women

Nutrient

Adult
19–50 y
Women

Pregnant
Women

Lactating
Women

Pregnant
Women

Lactating
Women

Energy (Kcal) No value ≠ 340 Kcal/d

2nd trimester

≠ 452 Kcal/d

3rd trimester

≠ 500 Kcal/d

0 – 6 m

≠ 400 Kcal/d

7 – 12 m

≠

_

≠

≠

Protein, g 46 71 71 54.4 54.4

Vitamin C, mg 75 85 120 13.3 60

Thiamin, mg 1.1 1.4 1.4 27.3 27.3

Ribofl avin, mg 1.1 1.4 1.6 27.3 45.5

Niacin, mg NE 14 18 17 28.6 21.4

Vitamin B6, mg 1.3 1.9 2 46.2 53.9

Folate, μg DFE 400 600 500 50 25

Vitamin B12, μg 2.4 2.6 2.8 8.3 16.7

Pantothenic Acid, mg 5 6 7 20 40

Biotin, μg 30 30 35 0 16.7

Choline, mg 425 450 550 5.9 29.4

Vitamin A, μg RE 700 770 1300 10 85.7

Vitamin D, μg 5 5 5 0 0

Vitamin E, mg TE 15 15 19 0 26.7

Vitamin K, μg 90 90 90 0 0

Calcium, mg 1000 1000 1000 0 0

Phosphorus, mg 700 700 700 0 0

Magnesium, mg 310 350 310 12.9 0

Iron, mg 18 27 9 50 50

Zinc, mg 8 11 12 37.5 50

Iodine, mg 150 220 290 46.7 93.3

Selenium, μg 55 60 70 9.1 27.3

Fluoride, mg 3 3 3 0 0

 NE, niacin equivalents; DFE, dietary folate equivalents; RE, retinol equivalents; TE, tocopherol equivalents

Source: Institute of Medicine, Nutrition During Pregnancy (Washington, DC: The National Academies Press, 1990); 

Institute of Medicine, Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, 
Protein, and Amino Acids. (Washington, DC: The National Academies Press, 2002); and MF Picciano, SS McDonald  

Nutrition requirements during pregnancy and lactation, in J Bhatia (Ed.), Perinatal Nutrition Optimizing Infant 
Health and Development (New York: Marcel Dekker, 2005, p. 22).
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[38]. However, studies show that women of reproductive age in the United States consume diets that 

provide mean protein intakes of about 70 g/day, well in line with the estimated pregnancy require-

ment [41]. It is recommended that pregnant women consume two or three servings of protein daily. 

A serving of protein is about 1 oz of cooked animal meat or fi sh, one-half cup of cooked dry beans, 

1 egg, or 2 tablespoons of peanut butter.

Calcium
Calcium needs during pregnancy are increased because of the skeletal development of the fetus. 

There are no data showing that pregnancy causes a permanent negative effect on maternal calcium 

and bone metabolism. Dietary calcium requirements between pregnancy and nonpregnancy are 

not different since calcium intestinal absorption is increased during pregnancy. Requirements of 

calcium during pregnancy are 1200 mg/day for women aged 19 to 50 years and 1500 mg/day for 

women who are 18 years or younger. In a randomized controlled study, calcium supplementation of 

1200 mg/d from dairy foods in adolescent mothers resulted in higher maternal vitamin D and folate 

levels and higher newborn weight and bone mineralization compared to controls [42]. Sources of 

calcium include dairy products, tofu, sesame seeds, and spinach. Most prenatal vitamins contain 

about 250 mg of calcium and therefore will fail to meet daily calcium requirements if used as the 

sole source.

Calcium metabolism is affected by eclampsia, preeclampsia, and pregnancy-induced hyperten-

sion.  Mothers with preeclampsia have hypocalciuria, higher PTH concentrations, lower ionized 

calcium, and lower 1,25-dihydroxyvitamin D concentrations compared to mothers with normal 

pregnancies. Some investigators believe that low daily calcium intake may be the major cause of 

pregnancy-induced hypertension. Countries where the daily calcium intake is low have higher rates 

of eclampsia. Also, the risk of pregnancy-induced hypertension in American and Canadian women 

is higher among women with low milk intake (<1 glass/day) than among those with a moderate 

intake (1–2 glasses/day) [43, 44]. Results of calcium supplementation trials have been inconsistent, 

but they largely indicated a benefi cial effect on pregnancy-induced hypertension and for pregnant 

mothers who have low daily calcium intake. It has been recommended to supply an extra 1000 to 

2000 mg/day throughout the second half of pregnancy [45–50].

Calcium supplementation may also be benefi cial in protecting both mothers and fetuses from 

toxic lead exposure. Lead can cause irreversible neurologic damage, negative renal effects, and 

reproductive toxicity. Lead is easily ingested through the GI tract and deposits largely in bones. As 

pregnancy results in increased bone turnover to mobilize calcium stores, lead can be released as 

well and potentially affect both the mother and the developing fetus’s nervous system. Hernandez 

et al. conducted a randomized, double-blind placebo-controlled trial involving more than 600 lac-

tating women [51]. They found that supplementation with 1200 mg of elemental calcium per day 

signifi cantly decreased circulating lead levels, particularly in women who began the study with the 

highest lead level burdens. Calcium supplementation also lowers these levels in infants. Because 

similar increases in bone turnover can be seen during pregnancy, it seems likely that these results 

can be expanded to pregnancy as well.

To meet these needs, the pregnant woman needs to consume 1000 to 1500 mg calcium  per day. 

Requirements can be met with various foods and/or supplemental calcium. Calcium supplements 

should be taken separately from prenatal vitamins or iron supplements, as iron absorption will 

be decreased. Additional information on calcium supplementation can be found in Chapter 32, 

“Metabolic Bone Disease.” How the alkalinizing effect of fruits and vegetables reduces the meta-

bolic demands for calcium is detailed in Chapter 31, “Osteoporosis.” 

Vitamin D
Vitamin D is necessary for increasing intestinal absorption of calcium, maintaining bone mineral-

ization, and avoiding hyperparathyroidism (Chapter 17, “Hyperparathyroidisms”). Since vitamin D 

is generated from sunlight exposure, vitamin D synthesis is limited in the northern United States 
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owing to the latitude and the decreased hours of daylight between October and March [52]. Recent 

studies indicate rates of vitamin D insuffi ciency to be as high as 40% [53, 54]. The best food sources 

of vitamin D are cod liver oil, fortifi ed milk and other dairy products, and salmon. Mushrooms 

that have been exposed to UV light are under study as a potential nonanimal product food source 

of vitamin D. Requirement of vitamin D during pregnancy is 5 μg or 200 IU daily, though higher 

amounts may be needed for those mothers who have limited sunlight exposure.

It has been reported that despite taking prenatal vitamins that contain 200 to 400 IU vitamin D, 

90% of pregnant women were still vitamin D defi cient. Vitamin D defi ciency during pregnancy has 

been associated with preeclampsia [55] and the development of newborn rickets. Whether vitamin 

D defi ciency continues to be a clinical problem or public health issue and if the current vitamin D 

requirements need to be changed, warrant future research and studies.

Iron
Iron needs are increased during pregnancy because of the maternal increase in the mother’s blood 

volume. A pregnant woman must take in an extra 700 to 800 mg of iron over the course of her preg-

nancy, most of which is needed during the last half of the pregnancy [56]. Since most women rarely 

start pregnancy with adequate iron stores, iron supplementation in the form of ferrous sulfate, glu-

conate, or fumerate may be necessary to prevent iron-defi ciency anemia. Maternal iron-defi ciency 

anemia has adversely affected both mother and infant outcomes, resulting in low gestational weight 

gain, premature delivery, low birthweight, and maternal hypothyroidism [57].

Iron requirements through diet alone during pregnancy are often not met, and therefore a supple-

ment is required. The average prenatal vitamins contain 30 to 60 mg of iron, which is above the 

recommended daily requirement of 27 mg/day. Combining iron with vitamin C intake will improve 

iron absorption and may minimize GI intolerance. Excellent sources of iron include red meats, 

chicken, turkey, fi sh, and lentils. Additionally, cooking foods in an iron skillet may help to increase 

intake.

Folic Acid
Folic acid requirements increase during pregnancy in response to the demands of maternal eryth-

ropoiesis and fetal and placental growth [56]. Folate functions as a coenzyme in nucleic and amino 

acid metabolism. A defi ciency in folic acid has resulted in neural tube defects in the fetus and 

poor pregnancy outcome. Therefore, it is recommended that all women of childbearing years 

and pregnant women should consume 400 μg of folic acid per day. Supplementation should begin 

1 month before conception to ensure that vitamin levels are adequate at the time of neural tube 

closure [58]. Prenatal vitamins contain 1000 μg of folic acid, which is more than adequate to meet 

the daily requirements. Dietary sources of folate are fortifi ed breakfast cereals, cowpeas (black-eye 

peas), spinach, liver, green vegetables, citrus fruits, juices, and whole wheat bread (see Chapter 38, 

“Cervical Cancer”). In addition to assuring that women consume adequate amounts of folate, it is 

important to note that several drugs interfere with folate metabolism. These include trimethoprim 

(commonly used to treat urinary tract infections), pyrimethamine (an antimalarial), methotrexate, 

and phenytoin. Other drugs may also disrupt folate utilization, and it is important to obtain a thor-

ough medication history from any pregnant woman.

Essential Fatty Acids
Linoleic and alpha-linolenic acids are essential fatty acids, meaning that they come from diet. 

They are the nutrients that the body then further processes into gamma-linolenic acid, dihomo-

gamma-linolenic acid, eicosapentaenoic acid, and docosahexaenoic acid to form the structural 

components of the central nervous system (Chapter 5, “Hypertension,” Table 5.5).  The require-

ments of these essential fatty acids are increased during pregnancy, especially in the last tri-

mester. The daily requirements for linoleic acid and linolenic acid during pregnancy are 13 and 

1.4 g/day, respectively. 
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Given the importance of essential fatty acids to fetal development, many studies have focused on 

a potential role for fatty acid supplementation in improving pregnancy outcomes. A recent Cochrane 

review pooled the results of several such studies in an attempt to better answer the question of 

whether such supplementation may lead to improved perinatal outcomes [59]. These studies focused 

on women whose pregnancies had not been complicated by preeclampsia or IUGR. The results of 

this review demonstrated that supplementation led to modest increases in length of gestation (2.6 

days), decreased incidence of infants born prior to 34 weeks, and slight increases in birthweight. 

Functional nutritional assays and balanced essential fats supplementation approaches are discussed 

throughout this text.

Choline
Choline is a small molecule whose metabolites perform a wide array of functions in all cells 

throughout the body, including serving as structural components of cell membranes and trans-

membrane signaling. Studies in rats have suggested that choline may be particularly important in 

neurological development [60–62]. These studies demonstrated that choline supplementation during 

critical periods of in utero neurological development improves memory function in rats as adults. 

While similar studies in humans have yet to be performed, this area of research may eventually sup-

port a role for choline supplementation in pregnant women, especially those who have undergone a 

cholecystectomy as they are at increased risk for developing choline defi ciency.

Iodine
The demand for iodine increases during pregnancy commensurate with other minerals. Maternal 

goiter is a very late stage of iodine defi ciency. Chapter 16, “Hypothyroidism,” details methods of 

earlier detection and explains how certain foods and supplements can be goiterogenic.

AVOID TREND DIETS, SUPPLEMENT FADS, AND UNNECESSARILY RESTRICTING DIETS

Efforts to improve pregnancy outcomes by altering the nutritional intake of pregnant women 

through trend diets, supplement fads, and unnecessarily restrictive diets have met with limited suc-

cess. Kramer performed a meta-analysis of 49 smaller trials looking at the effects of maternal 

energy and protein supplementation during pregnancy [63]. While augmenting energy and protein 

intake did lead to slightly larger fetal weight gain in general, the infants of undernourished women 

did not particularly benefi t versus those of adequately nourished women. Furthermore, nutritional 

supplementation did not result in any long-term growth or neurodevelopment benefi ts. As such, 

this analysis concluded that simple energy or protein supplementation does not lead to improved 

maternal or fetal outcomes, and even more concerning, protein supplementation in particular may 

actually be associated with impaired fetal growth.

STRIKE A BALANCE ON CONTROVERSIAL FOODS

Tea
Tea is a good source of hydration that provides antioxidants and is low in calories and glycemic 

load. Furthermore, ginger teas help to reduce nausea associated with pregnancy. Despite these facts, 

the use of herbs and herbal supplements during pregnancy has not been recommended [64] out of 

concerns for imported teas, which are not regulated and for which the dosage and purity cannot be 

accurately determined. Some herbal products have been found to be contaminated with lead [65]. 

Many herbal supplements have been found to stimulate uterine contractions, which may increase 

the risk of miscarriage or preterm labor. The American Academy of Pediatrics recommends that 

pregnant women choose herbal teas in fi lter teabags and limit consumption to two 250 mL servings 
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per day. Certain herbal teas such as citrus peel, ginger, lemon balm, linden fl ower, and rosehip are 

considered safe [58].

Fish
In many ways, fi sh represent an excellent food during pregnancy, being a good source of protein, 

fatty acids, vitamins, and minerals. However, ongoing concerns regarding mercury contamination 

limit the clinician’s ability to recommend increasing fi sh intake by the pregnant woman. As a result 

of these concerns, the FDA has recommended that pregnant women avoid eating fi sh known to have 

high mercury levels (such as swordfi sh, shark, and king mackerel) and to limit consumption of other 

fi sh to no more than 12 ounces per week. Additionally, it is important to note that fi sh caught in 

local bodies of water may have highly variable mercury levels based upon the locale. It is important 

to counsel pregnant women to check local fi sh advisory services as to the levels of mercury in these 

fi sh. Dietary supplementation of selenium, a trace mineral found in most prenatal vitamins, may 

help to offset the damaging effects of mercury.

COUNSEL FAMILIES ON THE PROGNOSIS OF IUGR INFANTS AND OTHER 
INFANTS WITH A COMPROMISED IN UTERO ENVIRONMENT THAT THIS 
IS A RISK FACTOR FOR OBESITY AND INSULIN RESISTANCE 

Unfortunately, while many children may have less than optimal fetal environments, this is seldom 

detectable at a preventable stage or later. IUGR is one postevent marker that the fetal environment 

was suboptimal and that a number of miscues may have occurred. When IUGR is detected, maxi-

mizing health in the postnatal environment, especially by focusing on the importance of healthful 

nutrition, becomes even more important.
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43 Male Infertility

Environmental Factors

Roger Billica, M.D.

I. INTRODUCTION

Numerous epidemiological studies in recent decades have documented a decline in male fertility. 

Many of these studies propose a link between the deterioration in fertility with growing exposure to 

environmental toxins such as anti-androgenic pesticides and fungicides (e.g., DDT and vinclozolin), 

plasticizers (e.g., bisphenol-A and dibutyl phthalate), water disinfection byproducts (e.g., dibromoa-

cetic acid), heavy metals (e.g., lead, cadmium, and mercury), and common industrial contaminants in 

drinking water (e.g., benzene, phenol, and trichloroethylene). From a review of available literature, it 

is apparent that a variety of commonly used chemicals, now abundant in the environment, drinking 

water, and food chain, can have insidious and long-lasting effects on the male reproductive system.

The rising incidence of male infertility warrants a closer look at both preventable causes and 

potential solutions related to environmental and nutritional factors.

II. EPIDEMIOLOGY

Infertility is defi ned as the inability of a couple to achieve a pregnancy after 1 year of unprotected 

intercourse. Approximately 14% of couples are infertile, and in 40% to 50% of the cases, a male 

factor is a contributing cause of infertility [1, 2]. Therefore, an estimated 6% of men in their repro-

ductive years are thought to be infertile.

In 1992 Carlsen and colleagues reported a signifi cant global decline in sperm density between 

1938 and 1990 [3]. A few years later Swan and colleagues revisited the same issue with an analysis 

of 101 studies published between 1934 to 1996 and concluded that there has been an overall decline 

in sperm density of approximately 1.5% per year in the United States and approximately 3% per 

year in Europe and Australia [4]. Their analysis controlled for variables such as abstinence time, 

age, percent of men with proven fertility, and specimen collection method. There was no decline 

trend in sperm density in non-Western countries, but the authors noted that data were very limited 

for these populations.

III. PATHOPHYSIOLOGY

There are many well-established known causes for male infertility which include [5]:

Testicular disease (primary hypogonadism)• 

Hypothalamic pituitary disease (secondary hypogonadism)• 

Post-testicular defects (disorders of sperm transport)• 
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Alcohol and drug abuse (including anabolic steroid use)• 

Smoking (known to decrease sperm count and sperm cell motility)• 

Tight underwear (elevates scrotal temperature resulting in decreased sperm production)• 

Malnutrition (inadequate vitamin C and zinc in the diet)• 

Infection and disease (testicular atrophy caused by mumps, tuberculosis, gonorrhea, chla-• 

mydia, infl uenza, syphilis, brucellosis)

Hypothyroidism• 

Other endocrine imbalances (hyperprolactinemia, congenital adrenal hyperplasia, • 

panhypopituitarism)

Physical problems (erectile dysfunction, impaired sympathetic innervation of the genital • 

tract, genital tract obstruction, ejaculatory dysfunction)

As epidemiological studies have recognized the declining trend in male fertility, the discussion 

of etiology has included possible involvement of environmental factors. Since both men and women 

require a proper balance of estrogens in order to be successful reproductively, some of the more obvi-

ous considered causes have included exposures to estrogens and xenoestrogens [6, 7]. These estrogen 

mimics are known to be endocrine disrupters and are found in everyday personal care products and 

as the breakdown products from plastics used in items such as water jugs and baby bottles. The 

estrogen-mimic bisphenol-A (BPA) is used in the manufacture of polycarbonate plastics and epoxy 

resins from which food and beverage containers and dental materials are made. Perinatal exposure 

to environmentally relevant doses of BPA has been shown to cause morphological and functional 

changes of the male genital tract and reduced fertility [8]. Dibutyl phthalate is used widely in pro-

duction as a plasticizer, in cosmetics such as nail polish, and as an additive to adhesives and print 

inks. Dibutyl phthalate is considered to be an endocrine disrupter and has been shown to impair 

spermatogenesis and induce lesions in the reproductive system in animal models [9, 10].

Vinclozolin is a fungicide introduced in the 1970s and is used worldwide on fruits, vegetables, and 

vineyards, and thus is commonly ingested. Exposure to vinclozolin in rabbits during development 

stages induced presumably permanent changes in spermiogenesis and FSH secretion [11]. Exposure 

to the fungicides tebuconazole and epoxiconazole were investigated for reproductive effects in rats 

and found to have endocrine-disrupting effects including disturbances of key enzymes involved 

with the synthesis of steroid hormones [12].

Reproductive disorders including sperm abnormalities, hypospadias, and decreased fertility have 

been linked to pesticide exposure [13–16]. In addition to the direct endocrine disrupting effects 

of the various pesticides, there is also evidence that long-term exposure to pesticides can cause 

changes in antioxidant enzymes with harmful consequences not only on the immune and nervous 

system, but also with issues related to immunofertility [17, 18].

Another environmental concern with infertility is the negative impact of heavy metals on sperm 

quality and production. Occupational exposure to lead, mercury, and cadmium has been shown to 

cause signifi cant decrease in male fertility [19–22]. Of course occupational contact with toxic metals 

is not the only risk of exposure due to the diffuse spread of these metals in the environment. Other 

studies have examined the impact of the presence of heavy metals [23]. For example, the mechanism 

of lead toxicity on the testis involves several areas including spermatogenesis, steroidogenesis, and 

the reduction-oxidation system. Chronic lead exposure can induce decreased testosterone synthesis, 

decreased germ cell population, and peritubular fi brosis [24].

Male infertility issues have also been linked with a variety of common industrial and household 

chemicals [25–27]. These include:

Dibromoacetic acid (a water disinfection byproduct)• 

Solvents such as trichlorethylene• 

Phenol• 

Chloroform• 
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In the presence of such widespread exposure to potentially harmful toxins, there is some 

question as to why the impacts on male fertility are not even more widespread than noted. A 

reasonable explanation could be related to the concept of biochemical individuality, wherein 

the level of function of the detoxifi cation and elimination pathways necessary for neutraliza-

tion and removal of these chemicals and heavy metals varies from person to person. One study 

showed that individuals with impaired methylation due to genetic polymorphisms have frequent 

alterations in fertility [28]. Other studies have found that disruption of glutathione S-transferases 

(enzymes that detoxify electrophilic compounds) interferes with fertilizing ability of spermato-

zoa [29]. So whether an individual has genetic or acquired polymorphisms, changes in cellular 

detoxifi cation functions appear to be an additional risk factor for environmental impacts on male 

fertility.

IV. PATIENT EVALUATION

In considering the possibility of environmental causes with a male patient diagnosed with infertility, 

a variety of testing is available. For example Accu-Chem Laboratories and US BioTek Laboratories 

offer various analyses for pesticides and common environmental and occupational chemicals includ-

ing solvents and phthalates. Since blood testing for levels of heavy metals is only accurate for fairly 

recent exposure, most evaluations for heavy metals should more appropriately focus on testing that 

indicates tissue impact of past or chronic exposures. These tests would include urinary porphyrins 

30 or a urine provocative challenge test using clinical dosing of the appropriate chelating agent 

(such as EDTA or DMSA). Many laboratories perform these tests and can provide the clinician with 

detailed guides for test administration and assistance with interpretation of the results. Testing for 

organophosphate pesticide exposure within a few months of exposure can be accomplished with red 

blood cell cholinesterase determination [31].

As with most diagnostic endeavors the clinician must take a careful history looking for poten-

tial exposures, family history of other potential manifestations of environmental toxicities (e.g., 

neurological and developmental disorders), and have a high index of suspicion. However, the 

chemicals and metals involved with increased risk of male infertility are so common and ubiq-

uitous in today’s world that it may not be necessary to fi nd a specifi c or signifi cant history of 

exposure. For example, one study demonstrated clinically signifi cant human exposure to pes-

ticides simply through the persistent presence of these chemicals on foods [32]. Another study 

demonstrated elevated pesticide urinary metabolites of children in farmworker households [33]. 

In many areas of the country households receive routine treatments with pesticides, and a number 

of communities have re-instituted pesticide spraying due to the recent concerns with the West 

Nile virus.

V. TREATMENT

While the various treatment approaches for the more typical causes of male infertility are detailed 

elsewhere, the successful clinical intervention for environmental causes requires that the clinician 

be familiar with three areas of priority: prevention, detoxifi cation, and nutritional and biochemical 

support for male fertility.

PREVENTION

Prevention basically consists of avoidance of exposure to the offending agents. This is not only 

important for men of reproductive age, but also for women to prevent exposure to the fetus in 

utero and for children during growth and development. Due to the overwhelming presence of the 

identifi ed chemicals and toxins in our environment, avoiding them may seem an impossible task. 
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However, there are simple, basic, and commonsense steps that any person or family can take to 

reduce their risk of exposure. For example:

Knowing the source, quality, and content of household and workplace drinking water and • 

if necessary, installing water fi ltration such as reverse osmosis suffi cient to remove chemi-

cals and heavy metals.

Reducing exposure to pesticides and fungicides on fruits and vegetables (either through pur-• 

chase of trustworthy organic produce or use of vegetable wash soaps prior to consumption).

Being aware of and participating in efforts to reduce exposure to heavy metals that are • 

still found in some vaccines, dental fi llings, pharmacological agents, consumer products, 

certain fi sh and seafood, and other products.

Finding nontoxic alternatives for the use of household pesticides and cleaning agents.• 

Limiting exposure to plastics used in food preparation and storage. For example, use nonplas-• 

tic containers and covers while heating food in microwave ovens. Discard scratched cook-

ware with nonstick surfaces. Store food and beverages in glass instead of plastic containers.

DETOXIFICATION

Detoxifi cation of offending chemicals and heavy metals may involve a variety of therapies. The 

basic principles of clinical detoxifi cation remain important when dealing with either heavy metals, 

pesticides, plastics, or other chemical toxins. Especially important are the maintenance of tissue 

hydration and avoidance of constipation. Correction of underlying metabolic and nutritional defi -

ciencies such as impaired methylation and hypothyroidism should precede any focused detoxifi ca-

tion protocols.

Phospholipids and essential fatty acids: Because the area of toxic impact often involves disrup-

tion of the cell membrane bi-lipid integrity, steps to restore the balance of essential fatty acids in the 

cell membranes are a foundation for recovery. The health of the cell membrane is a key determinant 

of the function of the tissue, and therefore detoxifi cation requires that the membrane of the cell be 

supported with balanced essential fatty acids and supportive phospholipids. Phosphatidylcholine 

(PC) is the most abundant phospholipid of the cell membrane and plays a key role in detoxifi cation. 

In addition to phosphatidylcholine, a ratio of balanced essential fatty acids (4:1 omega-6 to omega-3 

oil) provides the cellular nourishment for healthy membrane function [34–36]. Typical adult dos-

ing for phosphatidylcholine in support of cell membrane repair and detoxifi cation is in the range of 

1200 to 2500 mg daily in two divided doses. Essential fatty acids can be found in a balanced ratio 

of 4:1 omega-6 (such as sunfl ower or saffl ower oil) and omega-3 (fl ax oil) and are recommended in 

a therapeutic dose range of 2 to 4 tablespoons daily. It is very important that these oils be organic, 

cold-pressed, and maintained in a refrigerated state to avoid rancidity. Foods that are high in phos-

phatidylcholine are those that provide lecithin, including eggs, soy, brewer’s yeast, grains, legumes, 

fi sh, and wheat germ. A word of caution is prudent concerning the inclusion of soy products with 

men being treated for infertility due to the possible estrogenic effects of soy proteins. However soy-

derived lecithin should not be an issue in this regard.

Glutathione (g-glutamylcysteinglycine [GSH]) performs a variety of vital physiological and met-

abolic functions within all cells affecting the preservation of tissue integrity. GSH plays a major 

role in detoxifying many reactive metabolites by either spontaneous conjugation or by a reaction 

catalyzed by the GSH S-transferases. As a result, its functions include a variety of areas such as:

Maintenance of protein structure and function by reducing disulfi de linkages of proteins, • 

including metallothioneins (involved with heavy metal detoxifi cation)

Stabilization of immune function• 

Protection against oxidative damage• 

TAF-67621-08-0801-C043.indd   688TAF-67621-08-0801-C043.indd   688 12/19/08   7:41:29 PM12/19/08   7:41:29 PM



Male Infertility 689

Detoxifi cation of reactive chemicals• 

Formation of bile• 

Leukotriene and prostaglandin metabolism• 

Reduction of ribonucleotides to deoxyribonucleotides• 

The elevation of cellular levels of glutathione provides a key defense against toxic products of 

oxygen, particularly in the mitochondria, and serves to up-regulate tissue detoxifi cation [37, 38]. 

Various strategies exist for repleting cellular glutathione:

Glutathione given orally has been demonstrated in vivo to raise plasma levels [39]. Recently • 

available formulations of acetyl-glutathione appear to have good absorption and bioavail-

ability with recommended dosing of 100 mg once or twice daily.

Intravenous glutathione (push) in doses ranging from 1500 to 2000 mg has been combined • 

in series with IV phosphotidylcholine as a therapy for various neurodegenerative disorders 

by various clinicians and is described in detail in the instructional manual The Detoxx 
Book: Detoxifi cation of Biotoxins in Chronic Neurotoxic Syndromes by Foster, Kane, and 

Speight (2003).

Glutathione precursors include n-acetyl-cysteine (NAC), l-methionine, l-glutamine, and • 

l-taurine. Administration of precursors do not seem to raise glutathione levels if they are 

already in the normal range, but do appear to raise abnormally low GSH levels back to 

normal [40]. Following its intestinal absorption, NAC is converted to circulating cysteine 

and can effectively replenish GSH in depleted patients [41]. It is not recommended to use 

oral forms of plain l-cysteine because it is known to be highly unstable and potentially 

toxic. The activated counterpart of l-methionine, s-adenosylmethionine (SAMe), is well 

tolerated and has been shown to replenish erythrocyte GSH. Taurine is a sulfur amino acid 

that, given orally, can raise platelet GSH in healthy males [42].

Alpha-lipoic acid (ALA) is a broad-spectrum, fat- and water-phase antioxidant with potent • 

electron-donating capacity, and is another GSH repleter. Oral ALA raises GSH levels in 

HIV patients, and has been demonstrated to improve biliary excretion of heavy metals as 

transported by reduced glutathione [43, 44]. Typical therapeutic dosing is in the range of 

100 to 300 mg twice a day.

Far infrared sauna is a broad-spectrum detoxifi cation modality that is available for home and 

clinical use. Far infrared wavelength is a section of the natural band of light that is not visible to 

the human eye, but can be felt like heat. Rather than the traditional steam or dry saunas, far infra-

red saunas use that specifi c energy wavelength to penetrate the body tissues and stimulate cellular 

detoxifi cation through the breakdown and release of fat-stored toxins and subsequent elimination 

through sweating. Although there are many claims regarding the ability of far infrared sauna to 

safely and effectively remove a variety of toxicants including heavy metals, there are few stud-

ies available to support these claims [45–47]. However, the data that are available suggest that 

this treatment warrants further attention and study given the scope of environmentally related 

illness.

Detoxifi cation of heavy metals is performed using chelation agents such as EDTA (IV and oral) 

and DMSA (oral) according to clinically established protocols. Further training and certifi cation in the 

treatment of heavy metals are available through the American College for Advancement in Medicine.

NUTRITIONAL AND BIOCHEMICAL SUPPORT

Nutritional and biochemical support for a healthy male reproductive system is an important adjunc-

tive strategy in any attempts to help a patient recover fertility. The following nutritional therapies 

have shown promise in this area:
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Arginine 
The amino acid arginine is a precursor in the synthesis of putrescine, spermidine, and spermine, 

which are thought to be essential in sperm motility. A 1973 study by Schacter and colleagues 

demonstrated signifi cant improvement in sperm count and motility in 74% of subjects after taking 

4 g/day for 3 months [48]. Researchers in Italy evaluated the effi cacy of arginine in 40 infertile 

men. After 6 months of therapy there was signifi cantly improved sperm motility without any side 

effects [49].

Carnitine 
In the epididymis, carnitine serves as an energy substrate for spermatozoa, enhancing transport 

of fatty acids into the mitochondria. In a study involving 124 infertile patients, a direct correlation 

between semen carnitine content and sperm motility was found [50]. Several other studies have 

demonstrated improvements in sperm health parameters following administration of carnitine in 

the ranges of 3 to 4 g/day [51, 52].

Zinc
The normal functioning of the male reproductive system requires this trace mineral. Zinc defi -

ciency is associated with decreased testosterone levels and sperm count. An adequate amount of 

zinc ensures proper sperm motility and production, while defi cient levels are often found in infertile 

men with diminished sperm count. Several studies have found supplemental zinc may be helpful in 

treating male infertility [53, 54].

Glutathione and Selenium
In addition to its role in detoxifi cation as previously discussed, glutathione is vital to sperm anti-

oxidant defenses and has demonstrated a positive effect on sperm motility [55]. Selenium and glu-

tathione are essential to the formation of an enzyme present in spermatids that is necessary for 

spermatozoa maturation. Defi ciencies in either substance can lead to defective sperm motility [56]. 

A variety of studies have shown improvement in male fertility parameters following administration 

of glutathione (600 mg daily IM) or selenium (200 μg/day) [57, 58].

Vitamin C
Studies have shown the concentration of ascorbic acid in seminal fl uid directly refl ects dietary 

intake, and that lower levels of vitamin C may lead to infertility and increased damage to the 

sperm’s genetic material [59]. One study demonstrated signifi cant improvements in sperm count in 

previously infertile but otherwise healthy men following administration of 1000 mg of vitamin C 

daily [60].

Vitamin B12
The synthesis of RNA and DNA as part of cellular replication requires vitamin B12, and defi ciency 

states have been associated with decreased sperm count and motility. Studies have administered 

doses in the range of 1000 to 6000 μg/day (the average dose being 1500 μg daily) and have consis-

tently shown improvements in sperm production [61, 62].

Antioxidants
Key components of the sperm cell include polyunsaturated fatty acids and phospholipids, which are 

susceptible to oxidative damage. As with all cells, sperm metabolism results in production of reac-

tive oxygen species, which can result in free-radical- induced damage. Various reports indicate that 

supplementation with additional antioxidants such as vitamin E and CoQ10 may provide improve-

ment to sperm cell function.
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VI. SUMMARY

The decline in male fertility has been attributed in part to an increasing incidence of exposure to 

environmental factors such as pesticides and fungicides, heavy metals, plastics, and industrial and 

household chemicals. As part of a workup with patients who suffer from infertility, these environmen-

tal factors should be taken into consideration by the clinician. Testing for exposure could include:

Urine panels for environmental pollutants and chemical exposures• 

Heavy metals testing using urine porphyrins and provocation with chelation agents• 

Red blood cell cholinesterase determination for pesticide exposure• 

Treatment for these environmental factors in male infertility focuses fi rst on prevention, with avoid-

ance of exposures. Remediation of the toxicity can involve:

Proper hydration and bowel elimination• 

Correction of underlying nutritional and metabolic defi ciencies• 

Providing a therapeutic balance of phospholipids and essential fatty acids• 

Administration of glutathione and glutathione precursors• 

Removal of heavy metals via chelation• 

Far infrared sauna• 

Nutritional support for a healthy male reproductive system includes:

Arginine• 

Carnitine• 

Zinc• 

Glutathione and selenium• 

Vitamin C• 

Vitamin B12• 

Antioxidants• 

Male infertility involves a variety of factors and contributing causes. Since a large percentage 

of male infertility cases are due to unknown causes of defi cient sperm production, environmental 

factors and nutritional considerations should be a standard part of the evaluation and therapeutic 

considerations. Occupational exposures, diet and lifestyle choices, pesticide residues, and xenoe-

strogens adversely affect spermatogenesis. Therefore exposure avoidance and clinical management 

of these issues are indicated, including proper detoxifi cation and nutritional support strategies.
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A

Abdominal cramping, in irritable bowel syndrome, 205, 

210–211

Abdominal pain and bloating, in irritable bowel syndrome, 

205–206, 210–211

Acetyl carnitine. See also Carnitine

in diabetes management, 292t

Acetylcholine, in chemosensory disorders, 52

Acetyl-L-carnitine. See also Carnitine

in fi bromyalgia management, 561

Acid-base balance. See Alkaline diet; Dietary acids

Acids, dietary. See Dietary acids

Acne, 321–330

epidemiology, 321–322

lifestyle considerations, 330

nutritional management of, 329–330

pathophysiology, 322–324, 322f

adrenal and oxidative stress, 327–329

fatty acids, 324–326, 325f

insulin resistance, 326–327

testosterone, 326

pharmacological treatment, 322, 322f

Acupuncture, in rhinosinusitis prevention, 37

Adenomas, hyperparathyroidism and, 273

Adenosine triphosphate (ATP)

in cardiac metabolism, 110–111, 110f

in congestive heart failure, 113–115, 114f

Adipose tissue, obesity and, 304

Adrenal cortical hyperplasia, in chemosensory disorders, 

46

Adrenal cortical insuffi ciency, in chemosensory disorders, 

46

Adrenal dysfunction, in fi bromyalgia, 559

Adrenal stress

in acne pathophysiology, 327–329

dietary effects on, 328–329

Adrenoleukodystrophy, seizures and, 396–397

Age-related macular degeneration, 3–18

anatomic considerations, 3–4

atrophic

characteristics of, 4

defi ned, 3

carotenoids in, 7, 15–17

diagnosis of, 4

exudative (wet)

characteristics of, 4

defi ned, 3

medical treatment of, 5

nutritional management of, 9–15

alpha-lipoic acid, 12

antioxidants, 9–11

beta-carotene, 11

carbohydrates, 14–15

lutein and zeaxanthin, 12–13

whole foods, 13–14

zinc, 11–12

omega-3 fatty acids and, 8, 17–18

risk factors for, 5–8, 6t

nutritional, 6t, 7–8

ocular, 6–7, 6t

sunglasses and, 18

symptoms of, 4

testing for, 8–9

vitamin D in, 8, 15–16

Albumin, serum, in obesity, 310t

Albuminuria, in kidney disease, 352

Alcohol hangover headache, 430, 432

Alcohol Sniff test, 51

Alcohol use

in colorectal cancer, 628, 631t

in migraine headache, 430, 431t, 432

in osteoporosis, 526

renal calculi formation and, 342

in sleep disturbances, 493, 496

Alkaline diet

for diabetes, 285–286

for food reactivities, 251

medical conditions that benefi t from, 515

for obesity, 312

for osteoporosis, 509–511, 510t, 512t–513t, 514, 530, 

532

balancing acid and base, 510–511, 512t–513t, 514

Blatherwick basal diets, 510–511

contraindications, 515–516

overview, 509–510

patient evaluation, 515

supplements, 514

transition to, 516–517, 517f

Allergy. See also Food reactivities

type one, 243, 244t

epidemiology, 242t

testing for, 248–249

Aloe vera

in gastroesophageal refl ux disease treatment, 167

in peptic ulcer disease treatment, 176t

Alosetron, in irritable bowel syndrome management, 205

Alpha-linolenic acid (ALA). See also Flaxseed

in infl ammatory bowel disease, 219

in omega-3 fatty acid metabolic pathway, 85t, 123, 123t

in prostate cancer, 641–642

in vegetarian diet, 17–18

Alpha-lipoic acid

actions of, 91t

in diabetes management, 290, 292t

food sources of, 12

Page numbers followed by f indicate fi gure; those followed by t indicate table.
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in hypertension management, 90, 91f, 91t

in macular degeneration management, 12

in migraine headache, 433–434

in orthopedic surgery preparation, 577

in toxic exposure detoxifi cation, 689

Alpha-tocopherol. See also Vitamin E

in Alzheimer’s disease, 448–449

in cardiovascular disease, 70

in macular degeneration, 10

Aluminosilicates, in Alzheimer’s disease, 48

Aluminum, in Alzheimer’s disease, 48

Alzheimer’s disease, 445–453

in chemosensory disorders, 48

epidemiology, 445

nutritional treatment, 446–453

antioxidants, 447–449

curcumin, 451–452

folate, 450–451

omega-3 fatty acids, 446–447

vitamin D, 452–453

pathophysiology, 48, 445–446

Amino acids

arginine. See Arginine; L-arginine

in attention defi cit hyperactivity disorder, 420

in depression treatment, 471–474, 471f–474f

monamine metabolism and, 473, 474f

precursors as treatment, 474–477, 475t, 476f

uptake, 474

glutamine. See Glutamine

in orthopedic surgery preparation, 571, 576

in seizures, 401

taurine. See Taurine

Ammonia, in autistic spectrum disorder, 370–371, 372t

Amsler grid, 4, 8–9

Androgens, in acne pathophysiology, 326

Anecortave acetate, for macular degeneration, 5

Anemia

infl ammatory bowel disease and, 223

iron defi ciency, pregnancy complications and, 671

Angina pectoris, mortality rates with, fi sh consumption 

and, 127

Angiotensin-converting enzyme (ACE) inhibitors, in 

congestive heart failure treatment, 115

Angiotensin receptor blockers (ARBs), in congestive heart 

failure treatment, 115

Anosmia, 54t. See also Chemosensory disorders

Anti-angiogenic compounds, for macular degeneration, 5

Antibiotics, exposure to

in asthma pathophysiology, 136, 140

in rhinosinusitis prevention, 36

Anticholinergic agents, in irritable bowel syndrome 

management, 205

Antidepressants, in irritable bowel syndrome management, 

205

Antiepileptic drugs, osteoporosis and, 529

Anti-infl ammatory drugs, in gastroesophageal refl ux 

disease, 170t

Antimicrobial therapy, in gastroesophageal refl ux disease 

treatment, 166, 168t–169t

Antioxidant defense mechanisms, in hypertension 

pathophysiology, 76, 78, 79t, 80

Antioxidants. See also Beta-carotene; Vitamin A; 

Vitamin C; Vitamin E

acne and, 329

in Alzheimer’s disease, 447–449

in asthma management, 137–138

in cardiovascular disease, 69–70

chemotherapy and, 608

in food reactivities, 252

in macular degeneration management, 9–11

in male infertility treatment, 690

N-acetylcysteine, in prostate cancer, 650

niacin combined with, in cardiovascular disease, 

69–70

in orthopedic surgery preparation, 576–577

in Parkinson’s disease, 459–460

in prostate cancer, 650

seizures and, 397

thiol, in macular degeneration management, 12

in viral hepatitis treatment, 189–191

zinc combined with, in macular degeneration 

management, 10–11

Anxiety

migraine headache and, 435–436

sleep disturbances and, 486–487

Apo B

apolipoprotein B/apolipoprotein A ratio, 

64, 67–68

in cardiovascular disease, 66

Apolipoprotein B/apolipoprotein A ratio

advantages of use, 67–68

as cardiovascular risk factor, 64

Appetite regulation, obesity and, 304–305, 305t

Arachidonic acid. See also Omega-6 fatty acids; Omega-6 

polyunsaturated fatty acids (PUFAs)

in acne pathophysiology, 324–326, 325f

in omega-6 fatty acids metabolic pathway, 

85t, 123t

in orthopedic surgery preparation, 570–571, 570t

Arginine

food sources of, 576, 593

in male infertility treatment, 690

in orthopedic surgery preparation, 571, 576

wound healing and, 591, 593

Arrhythmias. See Cardiac arrhythmias

Artifi cial sweeteners. See Sweeteners

Ascorbic acid. See Vitamin C

Aspartame (N-1-alpha-aspartyl-phenylalanine-1-methyl 

ester)

irritable bowel syndrome, 209

autistic spectrum disorder, 381t

seizures, 396, 398t, 400t

attention defi cit hyperactivity disorder, 417

migraine, 431t, 437

osteoporosis, 513t

Asthma, 135–141

drug-nutrient interactions, 140

epidemiology, 135–136

hygiene hypothesis of, 136, 140

nutritional management, 137–139

obesity and, 311

pathophysiology, 136–137

patient evaluation, 139

prevention of, 140

Astragaloside, in peptic ulcer disease treatment, 176t

Astrocytes, in autistic spectrum disorder, 370

Atherosclerosis. See also Cardiovascular disease; 

Hyperlipidemia
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diabetes and, 283

epidemiology, 63

homocysteine in pathology of, 68

Atrial dysrhythmias, omega-3 long-chain polyunsaturated 

fatty acids and, 130

Attention defi cit hyperactivity disorder (ADHD), 413–422

etiology, 413–414

nutritional considerations, 414–421

amino acids, 420

essential fatty acids, 417–418, 421

Feingold diet for, 415–416, 421

food additives in, 414–416

iron, 418–419

L-carnitine, 418

magnesium, 419–420

manganese, 419

oligoantigenic/few foods diet for, 416

sugar, 416–417

zinc, 419

patient evaluation, 421

pharmacological treatment, 420–421

treatment recommendations, 422

Autistic spectrum disorder (ASD), 365–387

changing models of, 366–367, 366t

epidemiology, 365–366

pathophysiology, 366–379, 366t

brain volume, 372–373

cellular lipid aberrations, 374–376

epigenetic considerations, 376–377

genetic considerations, 376, 383t

methylation, 377–379

neuroinfl ammation, 367–369

neurotoxicity, 369–371

patient evaluation, 379, 380t–383t, 381

toxic exposure, 378, 381t, 383t

treatment, 381, 384–386

medications, 381, 384

nutritional, 384–386, 385t

Avocado/soybean unsaponifi able residues (ASU), in 

osteoarthritis management, 548

B

Banaba (corosolic acid), in diabetes management, 290, 

291t, 292

Bariatric surgery

carotenoid absorption and, 16

obesity and, 311

osteoporosis and, 524

steatohepatitis and, 191–192

Basal body temperature, in hypothyroidism, 262

Berries, in lung cancer management, 660

Beta blockers, in congestive heart failure treatment, 115

Beta-carotene. See also Vitamin A

in Alzheimer’s disease, 448–449

in cervical cancer, 620

lung cancer risk and, 10–11

in macular degeneration management, 10–11

in Parkinson’s disease, 460, 461t

radiation therapy and, 608

serum, in macular degeneration diagnosis, 8

Betaine

in diabetes management, 291t

in steatohepatitis treatment, 193

Biguanides, in diabetes management, 293t

Bioactive polysaccharide, in peptic ulcer disease 

treatment, 180t

Biopsy, in food reactivities, 249–250

Biotin, in diabetes management, 290

Bisphosphonates, in osteoporosis management, 515

Bisphenol-A, in male infertility, 686

Bitter melon, in diabetes management, 290, 291t

Bladder problems, sleep disturbances and, 487

Blatherwick basal diets, 510–511

Blood sugar, in diabetes pathophysiology, 282

Bolivian medicinals, in peptic ulcer disease treatment, 181t

Bone health

metabolic acidosis in, 506–507

in preoperative evaluation, 568, 568t

protein and, 504, 510

Bone metabolism, 521–523

hormones in, 522–523

mechanical loading, 521

regulation of, 522

Bone metastases, breast cancer and, 611

Borna disease virus, in autistic spectrum disorder, 

369–370

Botanicals. See also Herbal supplements

in diabetes management, 290, 291t

Brahmi, in peptic ulcer disease treatment, 181t

Brain volume, in autistic spectrum disorder, 372–373

Breast cancer, 603–612

comorbid conditions, 609–610

diet modifi cation trials, 604–605, 604t

epidemiology, 603

hormones and infl ammation in, 605–606, 610

insulin resistance in, 606, 610

pathophysiology, 603–607

patient evaluation, 610–611

pharmacological considerations, 607–609, 609t–610t

antioxidants and, 608

beta-carotene and, 608

radiation therapy side effects, 609, 610t

related to cytochrome P450 isoenzymes, 608, 609t

vitamin E and, 608

phytochemicals in, 606–607

special considerations, 611

vitamins and minerals in, 607

Breast feeding, childhood obesity and, 311, 671

Broccoli sprouts, in peptic ulcer disease treatment, 176t

Bromelain, in rhinosinusitis management, 33, 34t

Bronchitis, chronic. See also Chronic obstructive 

pulmonary disease (COPD)

defi ned, 145

Brussels sprouts, in peptic ulcer disease treatment, 176t

Bundle damage theory, in depression pathophysiology, 

469–471

Burn injury, wound healing in, 584

Butterbur (Petasites hybridus)
in allergic rhinitis management, 35

in migraine headache, 434

C

Cachexia. See also Weight loss

cancer and, 149–150, 611

defi ned, 146, 149

HIV and, 150
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management of, 149–150

syndrome of, 149

Cachexia-anorexia syndrome, 149

Cadmium

in male infertility, 686

in osteoporosis, 527

selenium effects on, 648

Caffeine

in chemosensory disorders, 52

in migraine headache, 431t, 432

nutritional sources of, 494t–496t

in orthopedic surgery preparation, 571

osteoporosis and, 525, 532

renal calculi formation and, 342

in sleep disturbances, 492–493

Calcineurin inhibitors, in osteoporosis, 529

Calcitonin, for osteoporosis, 151

Calcium

in chronic kidney disease management, 358

in colorectal cancer prevention, 630, 631t

in hyperparathyroidism, 269–270, 270f

in hypertension management, 83

malabsorption, osteoporosis and, 525

nutritional recommendations during pregnancy, 678

in orthopedic surgery preparation, 577

in osteoporosis management, 151

renal calculi formation and, 340

Calcium D-glucarate, in prostate cancer, 641t

Calcium disodium ethylenediaminetetraacetic acid 

(EDTA), in chronic kidney disease, 356–357

Calcium phosphorus, in hyperparathyroidism, 269–270, 

270f

Calculi, renal. See Renal calculi

Cancer

breast, 603–612

cachexia, 663–664

cervical, 617–623

chemotherapy and radiation, nutritional status and, 

662–663

colorectal, 627–635

gastric, gastroesophageal refl ux disease and, 160, 163

lung, 657–665

prostate, 639–650

Cancer cachexia, 149–150

Candida control diet, 36

Carbohydrate consumption

in breast cancer, 606

in diabetes management, 286, 287f

in hypertension management, 96

in irritable bowel syndrome, 207–209

in macular degeneration management, 14–15

in wound healing, 588–590, 589t

Cardiac arrhythmias, 121–131

epidemiology, 121

omega-3 long-chain polyunsaturated fatty acids and

atrial dysrhythmias, 130

current hypothesis, 124

implantable cardioverter-defi brillators and, 121, 

129–130

prevention following myocardial infarction, 

125–127

pathophysiology, 122–124, 122f, 123f

Cardiac energy metabolism, congestive heart failure and, 

110–111, 110f, 115–116

Cardiolipin, in autistic spectrum disorder, 368–369

Cardiomyopathy. See also Congestive heart failure

breast cancer and, 611

Cardiovascular disease, 63–72

Alzheimer’s disease and, 447

Apo B in, 66

breast cancer and, 609

cardiac arrhythmias, 121–131

comorbid conditions, 70–71

congestive heart failure, 109–118

diabetes and, 70–71, 283

diet considerations, 71–72

drug-nutrient interactions, 70

epidemiology, 63

HDL cholesterol in, 66

homocysteine in, 68

hsCRP in, 67

hyperlipidemia. See Hyperlipidemia

hypertension, 75–97

intrauterine growth restriction and, 674–675

LDL cholesterol in, 65, 65t, 66t

lipid ratios in, 64, 67–68

Lp(a) in, 66–67

migraine headache and, 436

non-HDL cholesterol in, 66, 66t

obesity and, 70–71

omega-3 fatty acids in, 69

patient evaluation, 63–70

risk assessment, 63–65, 64t

triglycerides in, 65

vitamin A in, 69–70

vitamin D in, 68–69

Cardiovascular-related risks, in macular degeneration, 6

Carnitine. See also L-carnitine

in diabetes management, 289, 292t

in fi bromyalgia management, 561

in male infertility treatment, 690

in obesity management, 315

in steatohepatitis treatment, 195–196

Carotenes, 7. See also Beta-carotene; Lycopene

absorption and availability of, 15

in obesity, 310t

Carotenoids, 7. See also Beta-carotene; Carotenes; 

Lycopene; Xanthophylls

absorption of, 15–17

gastric bypass and, 16

malabsorption syndromes and, 17

obesity and, 16

olestra (Olean) and, 17

orlistat (Xenical, Alli) and, 17

warfarin (Coumadin) and, 16

in macular degeneration, 7

serum, in macular degeneration diagnosis, 8

Cartilage repair, in osteoarthritis, 544

Catechins

in infl ammatory bowel disease, 226

in prostate cancer, 641t

Catecholamine O-Methyl Transferase (COMT) enzyme, in 

depression, 472–474, 474f

Catecholamine system, in depression treatment, 477–478

Cat’s claw, in peptic ulcer disease treatment, 176t

Cayenne (Capsicum spp.), in rhinosinusitis management, 

33, 34t

Celery, in hypertension management, 93, 96
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Celiac disease, 245–246

diagnosis of, 250–251, 250f, 530

epidemiology, 241

gastroesophageal refl ux disease and, 161

infl ammatory bowel disease and, 227–228

irritable bowel syndrome and, 206–207

migraine headache and, 436

osteoporosis and, 529

testing for, 161–162

treatment of, 252

Cell adhesion molecules, in lung cancer, 658

Centella asiatica (Gotu kola), in peptic ulcer disease 

treatment, 176t

Ceramides, in seizures, 399

Cervical cancer, 617–623

drug/folate interactions, 620, 621t

epidemiology, 617

nutritional treatment, 621–623

food chooses, 622, 622t

supplements, 622–623

pathophysiology, 617–620

patient evaluation, 620–621

risk factors for, 617, 618t

Cetylated fatty acids (CFAs), in osteoarthritis 

management, 548

Chelation therapy, in chronic kidney disease, 356–357

Chemosensory disorders, 43–56

epidemiology, 43

etiology, 45–50

food selection and, 53, 54t, 55

nutritional treatment, 52–56, 54t

caffeine, 52

phosphatidylcholine, 52

tastants, 55–56

thiamine, 52

vitamin A, 52

zinc, 53

obesity and, 308

pathophysiology, 43–50

anatomy of smell, 43–45

taste physiology, 45

patient evaluation, 50–51

Chemotherapy

nutrient interactions with, 607–609, 609t

nutrients that relieve side effects, 609, 610t

nutritional status and, 662–663

Chinese medicine, in peptic ulcer disease treatment, 181t

Cholecalciferol. See Vitamin D

Cholesterol

in cardiovascular disease

high-density lipoprotein (HDL), 66

lipid ratios, 67–68

low-density lipoprotein (LDL), 65, 65t, 66t

non-HDL, 66, 66t

hyperlipidemia, as cardiovascular disease risk, 

64–65, 64t

Cholic acid, in postcholecystectomy syndrome, 197

Choline

in chemosensory disorders, 52

nutritional recommendations during pregnancy, 680

in postcholecystectomy syndrome management, 197

Chondrocytes, in osteoarthritis, 540

Chondroitin sulfate, in osteoarthritis management, 

545–546

Chromium

in diabetes management, 289, 292t

in obesity management, 314

Chronic hepatitis, pathophysiology, 188

Chronic hepatitis C

antioxidants in treatment, 190–191

pathophysiology, 188

Chronic kidney disease, 351–360

comorbidities, 354–356

epidemiology, 351

hyperparathyroidism and, 270f, 275–277

nutritional treatment

chelation therapy, 356–357

for chronic renal failure, 357–358, 359t, 360

fi sh oil, 357

pathophysiology, 352–353

patient evaluation, 352

pharmacologic considerations, 353–354

treatment strategies, 276

Chronic obstructive pulmonary disease (COPD), 145–152

“blue bloater,” 146

epidemiology, 145

genetic risk factor for, 145

nutritional status and, 146

osteoporosis and, 151–152

“pink puffer,” 146

treatment approaches, 146

weight loss and, 146–151

etiology, 146–149, 147t, 148t

management of, 149–151

Circadian rhythms, sleep disturbances and, 490–492, 491t

Cirrhosis, primary biliary, osteoporosis and, 524

Cobalamin. See Vitamin B12

Cod liver oil. See also Fish oil

arrhythmias and use of, 121

in rhinosinusitis prevention, 36

Coenzyme Q10

in congestive heart failure

clinical and laboratory evaluation of, 117t

dosing, 114

energy metabolism, 115–116

foods sources of, 116t

nutrient-drug interactions, 114t

serum measurement, 114

treatment, 115, 116t

in fi bromyalgia management, 561

in food reactivities, 252

in hypertension management, 90

interaction with statins, 70

in migraine headache, 433

in obesity management, 310t

in orthopedic surgery preparation, 576–577

in Parkinson’s disease, 459

Coffee. See also Caffeine

acidity of, 511

osteoporosis and, 511, 532

Colorectal cancer, 627–635

comorbid conditions, 631–632

epidemiology, 627

infl ammatory bowel disease and, 230

nutritional risk factors for, 627–629, 631t, 634t

nutritional treatment, 633, 634t, 635

primary prevention, 629–630

calcium, 630, 631t
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fi ber, 629, 631t, 633

fruits and vegetables, 630, 631t

vitamin D, 630, 631t, 633

screening for, 632

secondary prevention, 631

symptoms of, 632

Congestive heart failure, 109–118

characteristics of, 109–110

epidemiology, 109

nutritional treatment, 115–116, 118

pathophysiology, 109–113

cardiac energy metabolism and, 110–111, 110f

energy starvation and, 113–115, 114f

patient evaluation, 113–114

pharmacologic treatment, 115

Conjugated linoleic acid (CLA)

in diabetes management, 288

in obesity management, 314

Constipation

common causative agents of, 207, 208t

in irritable bowel syndrome, 204, 210

Contraceptives, in cervical cancer, 618

Contraction, in wound healing, 585t, 586

Contrast dyes, in chronic kidney disease, 353–354

Cooking oils. See also Fats, Flaxseed oil, Olive oil

in macular degeneration, 8, 15

selection of, 15

trans fatty acid creation in, 128

and obesity, 314

as source of vitamin E, 453, 607

orthopedic surgery and managing infl ammation, 569t

unrefi ned, 312, 622

Copper

food sources of, 590t

in rhinosinusitis, 34t

Corosolic acid (banaba), in diabetes management, 290, 

291t, 292

Corticosteroids, excess of, in osteoporosis, 526

Cortisol

in osteoporosis, 526

in sleep disturbances, 490–492, 491t

Cranberry, in peptic ulcer disease treatment, 177t

Cranberry juice

renal calculi formation and, 342, 344

in urinary tract infection prevention, 345

C-reactive protein

in breast cancer, 606

chronic obstructive pulmonary disease and, 149

high-sensitivity, in cardiovascular disease, 67

in obesity, 309t

in preoperative evaluation, 568, 568t

Creatine

in chronic obstructive pulmonary disease management, 

151

in orthopedic surgery preparation, 576

Crohn’s disease. See also Irritable bowel syndrome

celiac disease and, 227–228

characteristics of, 218

epidemiology, 217–218

fi ber and, 228–229

malnutrition in, 220–221

probiotic and prebiotic in management, 227

Cruciferous vegetables, 660t

in cervical cancer, 619–620

as goitrogens, 263

in lung cancer management, 660, 660t

in peptic ulcer disease treatment, 175, 176t

in prostate cancer, 642

Curcumin. See also Turmeric

in Alzheimer’s disease management, 451–452

in infl ammatory bowel disease management, 226

in lung cancer treatment, 662

in peptic ulcer disease treatment, 180t

in prostate cancer treatment, 649

Curry (Murraya koenigii), in rhinosinusitis management, 

33, 34t

Cushing’s disease, in osteoporosis, 528

Cyanoglucosides, as goitrogens, 263

Cyclooxygenase-2 (COX-2)

curcumin and, 662

in Parkinson’s disease, 460

in prostate cancer, 648–649

Cysteine. See also N-acetylcysteine

in depression treatment, 475–476, 476f

Cysticercosis, seizures and, 396

Cytokines

in autistic spectrum disorder, 367

chronic obstructive pulmonary disease and, 149

in osteoarthritis, 540

D

Dairy products

in acne pathophysiology, 327

allergic rhinitis prevention and, 36–37

in rhinosinusitis, 36–37

D-amphetamine, in chemosensory disorders, 46–47

Dangshen, in peptic ulcer disease treatment, 177t

Dehydroepiandrosterone (DHEA), in orthopedic surgery 

preparation, 577

Delta-6-dehydrogenase enzyme, in macular degeneration, 

8

Deoxycholic acid, in postcholecystectomy syndrome, 197

Depression, 467–481

amino acid precursors in treatment of, 474–477, 475t, 

476f

amino acids in, 471–474, 471f–474f

epidemiology, 467

migraine headache and, 435–436

obesity and, 311

pathophysiology, 467–471

bundle damage theory, 469–471

monoamine theory, 467–468

Parkinsonism model, 468–469

patient evaluation, 478–480, 479f

pharmacological management, 471–474, 

471f–474f

reuptake inhibitors in, 468, 471–472, 472f

sleep disturbances and, 487

Desynchronosis, sleep disturbances and, 490–492, 491t

Detoxifi cation

liver

impairment of, 189. See also Nonalcoholic 

fatty liver disease (NAFLD); Nonalcoholic 

steatohepatitis (NASH)

nutrient powders to supplement, 198t

phases of, 188

toxic exposure and, 688–689, 691
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Devil’s Claw (Harpagophytum procumbens), in 

osteoarthritis management, 550

Diabetes, 281–295

Alzheimer’s disease and, 446

cardiovascular disease and, 64, 70–71

colorectal cancer and, 632

effects of, 283–284

gestational, 281

intrauterine growth restriction and, 674–675

latent autoimmune diabetes of the adult (LADA), 281

maternal, pregnancy complications and, 671

nutritional management, 285–292, 291t–292t

carbohydrates, 286, 287f

diet patterns, 285–286

drug-nutrient interactions, 292, 293t–294t

fats, 288–289

minerals and vitamins, 289–290, 292t

proteins, 286, 288

obesity and, 283

osteoporosis and, 526

pancreatic transplantation in, 295

pathophysiology, 282–284

patient evaluation, 284–285, 285t

renal calculi formation and, 344–345

sleep and, 284, 485–486

type 1, 281

type 1.5, 281

type 2, 281

type 3, 282

wound healing and, 583

Dialysis

chronic kidney disease and, 357–358

nutritional recommendations during, 359t

Diarrhea

common causative agents of, 207, 208t

in irritable bowel syndrome, 205, 210

Dibutyl phthalate, in male infertility, 686

Dietary acids, osteoporosis and, 505–517

biochemistry, 505–506, 506f

fruits and vegetables, 508, 508f

metabolic acidosis, 506–507

net endogenous acid production, 508–509

proteins, 507–508

sodium, 507, 511

Digestive enzymes, in gastroesophageal refl ux disease 

treatment, 166, 169t

Digoxin, in congestive heart failure treatment, 115

Dihoma-gamma-linolenic acid (DGLA)

in hypertension, 86

in omega-6 fatty acids metabolic pathway, 85t, 123t

Dihydrotestosterone, in acne pathophysiology, 326

1,25-dihydroxy vitamin D (calcitriol). See also Vitamin D

in Alzheimer’s disease, 452

in cardiovascular disease, 69

in hyperparathyroidism, 269–270, 270f–271f

in osteoporosis, 151

Diuretics, in congestive heart failure treatment, 115

Docosahexaenoic acid (DHA). See also Fish oil; Omega-3 

fatty acids; Omega-3 polyunsaturated fatty 

acids (PUFAs)

in Alzheimer’s disease, 446–447

in attention defi cit hyperactivity disorder, 417–418

in chronic kidney disease management, 357

in macular degeneration, 8

molecular structure of, 122f

in obesity management, 314

in omega-3 fatty acid metabolic pathway, 85t, 123, 123t

in orthopedic surgery preparation, 578

in Parkinson’s disease, 462

vegetarian considerations, 17–18

Dopamine

amino acid precursors of, in depression treatment, 

474–478, 475t, 476f, 479f

in attention defi cit hyperactivity disorder, 420

in Parkinson’s disease, 457–458, 469

Dragon’s blood, in peptic ulcer disease treatment, 177t

D-ribose. See also Ribose

in congestive heart failure

advantages of, 118

clinical and laboratory evaluation of, 117t

dosing, 114, 118

in energy metabolism, 115–116

foods sources of, 116t

nutrient-drug interactions, 114t

in fi bromyalgia management, 561–562

Dual-energy x-ray absorptiometry (DEXA), 530

in obesity, 309t

in preoperative evaluation, 568, 568t

Dysbiosis

defi ned, 161, 242

food reactivities and, 242

in gastroesophageal refl ux disease, 161, 165–166, 168t–170t

in irritable bowel syndrome, 203

Dyslipidemia. See Cardiovascular disease; Hyperlipidemia

E

Edema, obesity and, 311

Eggs, in lung cancer management, 661

Egg yolk, as docosahexaenoic acid (DHA) source, 18

Eicosapentaenoic acid (EPA). See also Fish oil; Omega-3 

fatty acids; Omega-3 polyunsaturated fatty 

acids (PUFAs)

in acne pathophysiology, 324–325, 325f

in asthma management, 138

in attention defi cit hyperactivity disorder, 417–418, 421

in cancer cachexia, 663

in chronic kidney disease management, 357

in chronic obstructive pulmonary disease management, 

150

in migraine headache management, 435

molecular structure of, 122f

in obesity management, 314

in omega-3 fatty acid metabolic pathway, 85t, 123, 123t

in orthopedic surgery preparation, 578

Electrolytes, in hypertension management, 81–83, 95

Elimination diet, for food reactivities, 164–165, 168t, 206, 

248, 251

Emphysema. See also Chronic obstructive pulmonary 

disease (COPD)

defi ned, 145

Encephalopathy, metabolic, in autistic spectrum disorder, 

370–371, 372t

Endocrine disorders, in chemosensory disorders, 45–46

End-stage kidney disease, etiology, 351

Energy expenditure

equations for, 591t

wound healing and, 588–590
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Energy metabolism

congestive heart failure and, 110–111, 110f, 115–116

diabetes and, 282

Enteral nutrition, infl ammatory bowel disease and, 

223–224

Epigallocatechin gallate (EGCG), 13–14. See also Green 

tea

in infl ammatory bowel disease, 226

in prostate cancer, 644

Epigenetics

autistic spectrum disorder and, 376–377

defi ned, 376

intrauterine growth restriction and, 675–676

Epworth Sleepiness Scale, 488, 488f

Essential fatty acids. See also Fatty acids; Omega-3 fatty 

acids; Omega-6 fatty acids; Polyunsaturated 

fatty acids (PUFAs)

in attention defi cit hyperactivity disorder, 417–418

in autistic spectrum disorder, 375–376

in gastroesophageal refl ux disease, 170t

nutritional recommendations during pregnancy, 

679–680

in rhinosinusitis prevention, 34t, 36

in seizure management, 404–405

Estrogen defi ciency, postmenopausal, in osteoporosis, 527

Euphorbia stenoclada, in asthma management, 138

Evening primrose oil

in diabetes management, 288

in obesity management, 314

in peptic ulcer disease treatment, 178t

Exercise

breast cancer and, 605

in fi bromyalgia management, 560

Eye examination, in macular degeneration diagnosis, 8

F

Familial hypocalciuric hypercalcemia (FHH), in 

hyperparathyroidism, 273–274, 276

Far infrared sauna, in toxic exposure detoxifi cation, 689

Fats

in cardiovascular disease, 71–72

in diabetes management, 288–289

enriched, 8

in hypertension management, 84–87, 85t, 96

in macular degeneration, 8

in prostate cancer, 640–642

wound healing and, 589t, 593–594

Fatty acids. See also Essential fatty acids; Omega-3 fatty 

acids; Omega-6 fatty acids; Polyunsaturated 

fatty acids (PUFAs)

in acne pathophysiology, 324–326, 325f

in intrauterine growth restriction, 674

in obesity, 309t, 314

Fatty liver. See also Nonalcoholic fatty liver disease 

(NAFLD)

hypertriglyceridemia and, 189

total parenteral nutrition (TPN) and, 196

Feingold diet, in attention defi cit hyperactivity disorder, 

415–416, 421

Fenugreek, in diabetes management, 290, 291t

Ferritin, in obesity, 310t

Feverfew (Tanacetum parthenium), in migraine headache, 

434

Few foods diet, in attention defi cit hyperactivity disorder, 416

Fiber

in alkaline diet, 516

in colorectal cancer, 629, 631t, 633

in diabetes management, 286, 291t

in hypertension management, 87, 96

in infl ammatory bowel disease, 228–229

in irritable bowel syndrome, 204

in obesity management, 313–314

Fibrates, effects on homocysteine, 70

Fibromyalgia, 557–563

comorbid conditions, 558, 558t

diagnosis, 558

nutritional treatment, 560–563

carnitine, 561

coenzyme Q10, 561

iron, 561

ribose, 561–562

supplements, 560–562

vitamin B12, 561

pathophysiology, 557

treatment, 558–560

for hormonal defi ciencies, 559

for sleep, 559

for unusual infections, 559–560

Fish consumption. See also Docosahexaenoic acid (DHA); 

Eicosapentaenoic acid (EPA)

in Alzheimer’s disease, 446–447

angina pectoris and mortality rates with, 127

arrhythmias and, prevention following myocardial 

infarction, 125–127

in asthma management, 137

in lung cancer management, 661

in macular degeneration, 7–8

during pregnancy, 681

in prostate cancer, 642

sudden cardiac death risk and, 127–129

Fish oil. See also Docosahexaenoic acid (DHA); 

Eicosapentaenoic acid (EPA); Omega-3 fatty 

acids

angina pectoris and mortality rates with, 127

arrhythmias and, 121

atrial dysrhythmias, 130

implantable cardioverter-defi brillators, 129–130

prevention following myocardial infarction, 

125–127

in cardiovascular disease, 69

in chronic kidney disease management, 357

in diabetes management, 288

in obesity management, 314

in orthopedic surgery preparation, 571, 576t, 578

in osteoarthritis management, 547–548

in prostate cancer, 646t

sudden cardiac death risk and, 127–129

Flavonoids. See also Quercetin

in macular degeneration management, 13–14

Flaxseed. See also Alpha-linolenic acid (ALA)

in breast cancer, 607

in lung cancer, 661–662

in prostate cancer, 642

in rhinosinusitis, 34t, 35t

Flaxseed oil

acid chemical balance and osteoporosis, 513t

in attention defi cit hyperactivity disorder, 418
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Fluid intake, renal calculi formation and, 339–340

Folate

in Alzheimer’s disease, 450–451

in cervical cancer, 618–619, 621

in colorectal cancer prevention, 633

drug/folate interactions, 620, 621t

in infl ammatory bowel disease, 231

in Parkinson’s disease, 460

Folic acid

in Alzheimer’s disease, 450–451

in cardiovascular disease, 68

in depression treatment, 476

in infl ammatory bowel disease management, 231

nutritional recommendations during pregnancy, 679

in Parkinson’s disease, 460, 461t

Food additives

in asthma, 137

in attention defi cit hyperactivity disorder, 414–416

in infl ammatory bowel disease, 220

Food intolerance, 242t, 244, 244t, 247t

infl ammatory bowel disease and, 227–229

irritable bowel syndrome and, 206

Food reactivities, 241–254

in asthma, 137

comorbid conditions, 246–247, 247t

elimination diet for, 164–165, 168t, 206, 248, 251

epidemiology, 241, 242t

in gastroesophageal refl ux disease, 163–165, 168t

in irritable bowel syndrome, 206

medications related to, 246

nutritional management, 251–252

pathophysiology, 242

patient evaluation, 247–251, 249t

sleep disturbances and, 487

types of, 242t, 243–245, 244t

Food triggers, in migraine headache, 430, 431t

Fovea, 3

Fructose

in diabetes, 282, 285, 291

glycemic index, 287t

impact on acne, 326, 328, 329

malabsorption, in irritable bowel syndrome, 208–209, 

210

migraine and alcoholic hangover headache, 432

Fruit juice

cranberry

renal calculi formation and, 342, 344

in urinary tract infection prevention, 345

renal calculi formation and, 341–342, 344

Fruits

alkalinizing effects of, 508, 508f, 511

in Alzheimer’s disease, 448

in breast cancer, 606

in colorectal cancer prevention, 630, 631t

in lung cancer management, 659

G

Gallstone disease

diagnosis of, 189

epidemiology, 188

in food reactivities, 248

postcholecystectomy syndrome, 196–197

ursodeoxycholic acid in treatment of, 194

Gamma-linolenic acid (GLA). See also Omega-6 fatty 

acids; Omega-6 polyunsaturated fatty acids 

(PUFAs)

in diabetes management, 288

in hypertension, 85t, 86

in obesity management, 314

in omega-6 fatty acids metabolic pathway, 85t, 123t

Garlic, in hypertension management, 92–93, 93t, 96

Gastrectomy, osteoporosis and, 524

Gastric bypass. See Bariatric surgery

Gastric cancer, gastroesophageal refl ux disease and, 160, 

163

Gastric hypoacidity, osteoporosis and, 524–525

Gastroesophageal refl ux disease (GERD), 159–170

cancer and, 160, 163

defi ned, 159

drug-nutrient interactions, 162–163

dysbiosis in, 161, 165, 168t–169t

epidemiology, 159–160

food reactivities in, 163–165, 168t

Helicobacter pylori infection in, 161, 165, 168t

irritable bowel syndrome and, 161

medications related to, 164, 168t

obesity and, 308

pathophysiology, 160–161

patient evaluation, 161–162

sleep disturbances and, 487

symptoms of, 160

treatment, 162–167, 168t–170t

nutritional management, 164

pharmacologic, 162

4R program for, 166–167, 169t–170t

surgical, 164

Gastrointestinal system, diabetes effects on, 284

Genetic considerations. See also Epigenetics

in autistic spectrum disorder, 376, 383t

in chronic obstructive pulmonary disease, 145

diabetes and, 282

in hypertension, 80–81, 81f, 82f

in lung cancer, 658

in macular degeneration, 5

in prostate cancer, 640

in renal calculi, 337–338

seizures and, 401

Genistein, in prostate cancer, 641t, 642

Ginger

in migraine headache, 435

in peptic ulcer disease treatment, 177t

in prostate cancer, 649

Ginger oil, orthopedic surgery and, 571

Gingko biloba, in Alzheimer’s disease, 453

Glomerular fi ltration rate (GFR)

Cockroft-Gault equation for, 352

in kidney disease, 352

5 glucaric acid, in prostate cancer, 641t

Glucosamine, in osteoarthritis management, 544–545

Glucose

dysregulation, in migraine headaches, 430, 437

in intrauterine growth restriction, 673–674

in wound healing, 588, 589t

Glutamate, in autistic spectrum disorder, 368

Glutamine

in food reactivities, 252

food sources of, 593
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in gastroesophageal refl ux disease treatment, 167, 170t

in infl ammatory bowel disease management, 224

in orthopedic surgery preparation, 571, 576

wound healing and, 593

Glutathione

in autistic spectrum disorder, 378

in depression treatment, 475, 476f

in male infertility treatment, 690

in Parkinson’s disease, 459

in steatohepatitis treatment, 196

in toxic exposure detoxifi cation, 688–689

Gluten intolerance, in gastroesophageal refl ux disease, 161

Gluten-sensitive enteropathy. See Celiac disease

Glycemic index, 286, 287f

in acne pathophysiology, 327

in diabetes management, 286

Glycosylation end products (AGEs), in Parkinson’s 

disease, 460

Goiter. See Iodine defi ciency

Goitrogens

cruciferous vegetables as, 263

in hypothyroidism, 262–263

Grains, whole, in lung cancer management, 660

Grapefruit juice, renal calculi formation and, 341–342

Grapes, in lung cancer management, 660

Green tea. See also Epigallocatechin gallate (EGCG)

in infl ammatory bowel disease, 226

in peptic ulcer disease treatment, 180t

in prostate cancer, 643–645, 646t

Growth hormone, in acne pathophysiology, 326–327

Guarana, in peptic ulcer disease treatment, 177t

Gut-associated lymphoid tissue (GALT)

in asthma pathophysiology, 136

in gastroesophageal refl ux disease, 163

H

Headache

alcohol hangover, 430, 432

migraine. See Migraine headache

Head injury, in chemosensory disorders, 49–50

Heart burn, 159. See also Gastroesophageal refl ux disease 

(GERD)

Helicobacter pylori infection

in gastroesophageal refl ux disease, 161, 165, 168t

in peptic ulcer disease, 174–175

Hemochromatosis, osteoarthritis and, 541–542

Hemostasis, in wound healing, 584, 585t

Heparin use, in osteoporosis, 527

Hepatitis

chronic, pathophysiology, 188

viral

antioxidants in treatment, 189–191

in chemosensory disorders, 45

epidemiology, 187

pathophysiology, 188

Hepatitis B

antioxidants in treatment, 189–190

epidemiology, 187

Hepatitis C

antioxidants in treatment, 190–191

chronic

antioxidants in treatment, 190–191

pathophysiology, 188

epidemiology, 187

pathophysiology, 188

Herbal supplements

in diabetes management, 290, 291t, 292

in migraine headache, 434–435

5-HIAA (hydroxyindoleacetic acid), in autistic spectrum 

disorder, 370

High-density lipoprotein (HDL), in cardiovascular disease, 

66

Highly unsaturated fatty acids (HUFA), 405. See also 

Polyunsaturated fatty acids (PUFAs)

in seizure management, 405

High-sensitivity C-reactive protein (hsCRP), in 

cardiovascular disease, 67

Homeostasis, obesity and, 304–305, 305t

Homocysteine

B vitamin supplementation effects on, 71

in cardiovascular disease, 68

in cervical cancer, 619, 621

in obesity, 309t

in preoperative evaluation, 568, 568t

Honey

acid chemical balance and osteoporosis, 513t

in colorectal cancer, 634t

glycemic index of, 287t

migraine and alcoholic hangover headache, 432

in seizures, 398t

Hormone replacement therapy, sex, for osteoporosis, 

151–152

Hormones

in appetite regulation, 305t

in bone metabolism, 522–523

in breast cancer, 605–606

defi ciencies, in fi bromyalgia, 559

imbalances, in obesity, 306, 306f

in orthopedic surgery preparation, 577

in seizures, 401

serum, in autistic spectrum disorder, 383t

Horseradish (Armoracia rusticana), in rhinosinusitis 

management, 33, 34t

Hot fl ashes, breast cancer and, 611

5HT3 receptor antagonists, in irritable bowel syndrome 

management, 205

5HT4 receptor antagonists, in irritable bowel syndrome 

management, 204

Human immunodefi ciency virus (HIV), cachexia, 

149–150

Hyaluronic acid, in osteoarthritis management, 547

Hydration

in asthma management, 139

in obesity management, 316

in osteoarthritis management, 550, 551f

in rhinosinusitis treatment, 33

Hydrochloric acid (betaine HCI), in gastroesophageal 

refl ux disease treatment, 166, 169t

5-hydroxytriptamine (5HT). See also Serotonin

in irritable bowel syndrome, 202–203

5-hydroxytryptophan (5-HTP)

in depression, 472–475, 474f, 475t

in irritable bowel syndrome, 204

25-hydroxy vitamin D (Calcidiol). See also Vitamin D

in Alzheimer’s disease, 452

in cardiovascular disease, 69

in orthopedic surgery preparation, 578, 578t
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Hygiene hypothesis, of asthma, 136, 140

Hypercalciuria

defi ned, 338

renal calculi formation and, 338, 347t

Hyperinsulinism, in diabetes pathophysiology, 282

Hyperlipidemia. See also Cardiovascular disease

in cardiovascular disease

high-density lipoprotein (HDL), 66

lipid ratios, 67–68

low-density lipoprotein (LDL), 65, 65t, 66t

non-HDL, 66, 66t

as risk factor, 64–65, 64t

Hypermobility syndromes, osteoarthritis and, 541–542

Hyperoxaluria

defi ned, 341

renal calculi formation and, 341, 347t

Hyperparathyroidism, 269–277

associated with chronic kidney disease, 275–277

causes of, 269

health consequences of, 269

primary, 271, 273

secondary, 274–275

tertiary, 276–277

hereditary causes of, 273–274

in osteoporosis, 527

physiology of, 269–276, 270f–274f

renal calculi formation and, 346

treatment strategies, 276–277

vitamin D defi ciency and, 270f, 273–275, 274f, 

276–277

vitamin D defi ciency in, 274f

Hypersensitivity reaction, delayed, 242t, 243, 244t

Hypertension, 75–97

as cardiovascular disease risk, 64–65

as cardiovascular risk factor, 64–65, 64t

chronic kidney disease and, 354–355

classifi cation of, 75, 76t, 77t

dietary considerations, 355

epidemiology, 80–81, 80t

food reactivities and, 247

genetic considerations, 80–81, 81f, 82f

natural antihypertensives by category, 94t, 95

nutritional approaches, 81–97

electrolytes, 81–83, 95

foods, 92–93, 95

macronutrients, 81–87

vitamins and nutraceuticals, 87–92, 97

pathophysiology, 76, 78, 79t, 80

pregnancy complications and, 671–672

protein intake and, 354–355

Hyperthyroidism

iodine defi ciency and, 264–265

in osteoporosis, 527

Hypertriglyceridemia

fatty liver and, 189

gallstone disease and, 189

Hypogeusia, 54t. See also Chemosensory disorders

Hypoglycemia, in migraine headaches, 430, 437

Hypogonadism, osteoporosis and, 151–152

Hypomagnesuria, renal calculi formation and, 343, 347t

Hypophosphatemia, osteoporosis and, 525

Hyposmia, 54t. See also Chemosensory disorders

Hypothalamic lesions, in chemosensory disorders, 46–47

Hypothyroidism, 259–267

in chemosensory disorders, 45

diagnosis of, 260–262

dietary recommendations, 260t, 263–267, 266t

goitrogens in, 262–263

incidence, 259

iodine and, 259, 263–265

obesity and, 308

physiology related to, 259–260

selenium and, 266

Hypovitaminosis D, osteoporosis and, 525, 530

I

IGF-1

in acne pathophysiology, 326–327

dietary effects on, 327

Immobilization, in osteoporosis, 527

Immune complex, food reactivity, 242t, 243, 244t

Immune system

in diabetes, 283

in fi bromyalgia, 559–560

Implantable cardioverter-defi brillators (ICDs), omega-3 

long-chain polyunsaturated fatty acids and, 

121, 129–130

Inactivity, in osteoporosis, 527

Incretin analogues, in diabetes management, 294t

Indole-3-carbinol

in cervical cancer, 619–620

in prostate cancer, 641t

Infection, in fi bromyalgia, 559–560

Infertility

female, 669

male, 685–691

Infl ammation

in acne, 322–324, 322f

in Alzheimer’s disease, 446

in breast cancer, 605–606, 610

in chronic obstructive pulmonary disease, 149

dietary guidelines for management, 569t, 570–571

in infl ammatory bowel disease, 218–220, 219f

obesity and, 303–304

orthopedic surgery preparation and, 569t, 570–571

in osteoarthritis, 544

in osteoporosis, 528

in Parkinson’s disease, 460–462

in prostate cancer, 648–649

in wound healing, 584, 585t

Infl ammatory bowel disease (IBD), 217–232

anemia and, 223

bone health and, 221–222, 222f, 230–231

chronic infl ammation in, 218–220, 219f

dietary role in, 219–220

enteral nutrition and, 223–224

epidemiology, 217–218

food intolerance and, 227–229

glutamine and, 224

malnutrition in, 217, 218t, 220–221

nutritional defi ciencies in, 222, 229–231

nutritional treatment, 229–231

polyunsaturated fatty acids, 219, 224–225, 225t

probiotics and prebiotics, 226–227, 228t

short chain fatty acids, 219, 225, 226t

osteoporosis and, 524, 529

pathophysiology, 218–223
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patient evaluation, 229

total parenteral nutrition and, 223, 231

Infl ammatory markers, in autistic spectrum disorder, 383t

Infl ammatory mediators, in osteoarthritis, 540

In osteoarthritis management, 543t

Insomnia, 486. See also Sleep disturbances

Insulin

dietary effects on, 327

functions of, 282

Insulin resistance

in acne pathophysiology, 326–327

in Alzheimer’s disease, 446

in breast cancer, 606, 610

in diabetes pathophysiology, 282

high-fi ber diets and, 606

obesity and, 303–304

in osteoporosis, 528–529

Interferon alpha-2b (INF alpha-2b), in viral hepatitis 

treatment, 189–190

Interleukin-L, in osteoarthritis, 540

Intrauterine growth restriction, 673–676

defi ned, 673

epigenetics in, 675–676

etiology, 673

fatty acids in, 674

glucose in, 673–674

long-term effects of, 674–675

protein in, 674

Iodine

biologically available, for hypothyroidism, 260t

in breast cancer, 607

in diabetes management, 289, 292t

factors that reduce stores, 264t

food sources of, 265, 266t

hypothyroidism and, 259, 263–265, 264t

nutritional recommendations during pregnancy, 680

in obesity management, 315

radiation and, 265

recommend daily intake for, 259, 263, 265

Iodine defi ciency

in attention defi cit hyperactivity disorder, 414

hyperthyroidism and, 264–265

incidence, 259

pregnancy and, 264

and soy effects on thyroid, 263

testing for, 265, 265t

Iodized salt, 264

Iron

in attention defi cit hyperactivity disorder, 418–419

in fi bromyalgia management, 561

food sources of, 590t

nutritional recommendations during pregnancy, 679

in obesity, 310t

in wound healing, 589t, 596

Iron defi ciency, in infl ammatory bowel disease, 231

Iron defi ciency anemia, maternal, pregnancy 

complications and, 671

Irritable bowel syndrome, 201–211

abdominal cramping in, 205, 210–211

abdominal pain and bloating, 205–206, 210–211

comorbid conditions, 206–207

constipation in, 204, 207, 208t, 210

defi ned, 201

diagnosis of, 201, 202t

diarrhea in, 205, 207, 208t, 210

epidemiology, 201–202

gastroesophageal refl ux disease and, 161

intestinal permeability in, 203–204

migraine headache and, 436

patient evaluation, 207

problematic carbohydrates in, 207–209

risk factors for, 202

Rome criteria for, 201, 202t

small intestinal bacterial overgrowth in, 203

visceral hypersensitivity in, 202–203, 205–206

Isofl avones

in breast cancer, 606–607

soy

in breast cancer, 606–607

in hypothyroidism, 262–263

in osteoporosis, 532

in prostate cancer, 642

K

Kallmann’s syndrome, in chemosensory disorders, 46

Ketogenic diet, 516

modifi ed, 404

overview, 403

in seizures, 398t, 399, 404

side effects of, 403

Kidney disease

chronic. See Chronic kidney disease

end-stage, etiology, 351

pathophysiology, 352–353

patient evaluation, 352

stages of, 351

Kidneys, functions of, 352–353. See also Renal function

Korsakoff’s psychosis, in chemosensory disorders, 46

L

Lactase defi ciency, osteoporosis and, 524

Lactation, childhood obesity and, 311, 671

Lactobacilli, in rhinosinusitis prevention, 35

Lactose hydrogen breath test, 208

Lactose intolerance, 247

in irritable bowel syndrome, 207–208

L-arginine. See also Arginine

in hypertension management, 91–92

L-carnitine. See also Carnitine

in attention defi cit hyperactivity disorder, 418

in chronic kidney disease management, 358

in congestive heart failure

clinical and laboratory evaluation of, 117t

dosing, 114

in energy metabolism, 115–116

foods sources of, 116t

nutrient-drug interactions, 114t

in obesity management, 315

L-dopa

in attention defi cit hyperactivity disorder, 420

in depression, 472–475, 474f, 478

in Parkinson’s disease, 469

Lead exposure

in attention defi cit hyperactivity disorder, 414

effects on peak bone mass, 524

in osteoporosis, 524, 528
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Legumes, in lung cancer management, 661

L-glutamine. See Glutamine

Licorice, deglycyrrhizinated, in peptic ulcer disease 

treatment, 177t

Licorice root, in gastroesophageal refl ux disease 

treatment, 167

Light exposure, as macular degeneration risk factor, 

6–7, 18

Lingzhi, in peptic ulcer disease treatment, 179t

Linoleic acid. See also Omega-6 fatty acids; Omega-6 

polyunsaturated fatty acids (PUFAs)

in acne, 323–324, 326

biochemistry of, 122, 122f

conjugated

in diabetes management, 288

in obesity management, 314

in infl ammatory bowel disease, 219

nutritional recommendations during pregnancy, 679

in omega-6 fatty acids metabolic pathway, 85t, 123t

trans, biochemistry of, 122, 122f

Linolenic acid

alpha. See also Flaxseed; Omega-3 fatty acids

in infl ammatory bowel disease, 219

in omega-3 fatty acid metabolic pathway, 85t

in prostate cancer, 641–642

in vegetarian diet, 17–18

gamma. See also Omega-6 fatty acids

in diabetes management, 288

in obesity management, 314

in omega-6 fatty acids metabolic pathway, 85t

nutritional recommendations during pregnancy, 679

Lipid ratios. See also Apolipoprotein B/Apolipoprotein A 

ratio

in cardiovascular disease, 67–68

Lipoprotein (a) [Lp(a)], in cardiovascular disease, 66–67

Liver detoxifi cation

impairment of. See also Nonalcoholic fatty liver 

disease (NAFLD); Nonalcoholic steatohepatitis 

(NASH)

diagnosis, 189

nutrient powders to supplement, 198t

phases of, 188

Liver disease, in osteoporosis, 528

Long-chain polyunsaturated fatty acids (PUFAs). 

See also Docosahexaenoic acid (DHA); 

Eicosapentaenoic acid (EPA)

biochemistry of, 122, 122f

electrophysiology of, 124

in prostate cancer, 641

Loperamide, in irritable bowel syndrome management, 205

Low-density lipoprotein (LDL), in cardiovascular disease, 

65, 65t, 66t

Lp-PLA2, in cardiovascular disease, 67

L-tryptophan, in orthopedic surgery preparation, 577

Lung cancer, 657–665

cachexia in, 663

epidemiology, 657

fatigue in, 663–664

genetic considerations, 658

inhibition strategies, 657–659

nutritional status, chemotherapy and radiation and, 

662–663

nutritional treatment, 659–662, 659t

pathology, 657

Lutein, 7

food sources of, 13, 14t

in macular degeneration, 7, 12–13

Luteolin, 12–13

Lycopene

in asthma management, 138

food sources of, 643

in hypertension management, 89–90, 96

in prostate cancer management, 641t, 643, 646t

Lymphedema, breast cancer and, 611

Lymphocyte response assays (LRA), in food reactivities, 

249

Lyprinol, in osteoarthritis management, 547–548

M

Macula, 3

Macular degeneration. See Age-related macular 

degeneration

Macular pigment optical density (MPOD)

in macular degeneration, 7, 12–13

testing for, 9

Magnesium

in asthma management, 137–138

in attention defi cit hyperactivity disorder, 419–420

in congestive heart failure treatment, 115, 116t

in diabetes management, 289, 292t

in hypertension management, 83

in migraine headache, 433, 437

in obesity, 310t, 315

in orthopedic surgery preparation, 577

parathyroid hormone function and, 270–271, 272f

renal calculi formation and, 343

Malabsorption syndromes, carotenoid absorption and, 17

Maldigestion, in food reactivities, 242–243

Male infertility, 685–691

epidemiology, 685

pathophysiology, 685–691

patient evaluation, 687

prevention, 687–688

toxic exposure in, 686–687

treatment, 687–691

detoxifi cation, 688–689

nutritional, 689–690

Malnutrition

chronic obstructive pulmonary disease and, 146

obesity and, 302–303

protein-calorie, in osteoporosis, 528

Manganese, in attention defi cit hyperactivity disorder, 419

Marine algae, as docosahexaenoic acid (DHA) source, 18

Mastic gum, in peptic ulcer disease treatment, 177t–178t

Meat, red

in colorectal cancer, 628, 631t

in prostate cancer, 640

Mediterranean diet

in cardiovascular disease management, 71

in metabolic syndrome management, 356

modifi ed, in cardiovascular disease, 71

in obesity management, 312

in Parkinson’s disease management, 462

Meglitinides, in diabetes management, 293t

Melatonin

in cancer cachexia, 663

in jet lag, 491
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in orthopedic surgery preparation, 577

in sleep disturbances, 491–492, 492f

Membrane Stabilizing Protocol Diet

in autistic spectrum disorder, 385–386

intravenous, 406–407

overview, 398t

in seizures, 397, 398t, 399, 404, 406–407

Meningiomas, in chemosensory disorders, 46

Menopause, sleep disturbances and, 487–488

Mercury

asthma and, 137

male infertility and, 686

pregnancy and, 672–673

seizures and, 396

selenium effects on, 648, 672–673

Metabolic acidosis, in bone health, 506–507

Metabolic bone disease, 521–532. See also Osteoporosis

epidemiology, 521

nutritional treatment, 530, 531t, 532

pathophysiology, 521–529

decreased mineral availability, 524–525

decreased osteoblast activity, 526

impaired protein metabolism, 528

increased osteoblast activity, 527

insulin resistance, 528–529

peak bone mass, 523–524

patient evaluation, 530

secondary causes, 521, 522t, 523

Metabolic disorders, migraine headache and, 436

Metabolic homeostasis, obesity and, 304–305, 305t

Metabolic rate, obesity and, 304

Metabolic syndrome

chronic kidney disease and, 355–356

colorectal cancer and, 632

defi ned, 355

dietary considerations, 356

Metabolism

autistic spectrum disorder and, 380t

bone, 521–523

cardiac energy, 110f, 115–116

energy

congestive heart failure and, 110–111, 110f, 

115–116

diabetes and, 282

obesity and, 302t, 304

of polyunsaturated fatty acids, 123, 123f

Metformin, in diabetes management, 292

Methionine-homocysteine cycle, in depression treatment, 

475, 476f

Methotrexate osteopathy, in osteoporosis, 527

Methylation, in autistic spectrum disorder, 377–379

Methylene tetrahydrofolate reductase (MTHFR) 

defi ciency, in seizures, 396

Methylmercury. See Mercury

Methylsulfonylmethane (MSM), in osteoarthritis 

management, 546–547

Migraine headache, 429–438

comorbid conditions, 435–437

epidemiology, 429

nutritional considerations, 430, 431t, 432–435

alcohol, 430, 431t, 432

caffeine, 431t, 432

eicosapentaenoic acid (EPA), 435

food triggers, 430, 431t

glucose dysregulation, 430

herbal supplements, 434–435

nutrients, 432–434

nutritional management, 437

pathophysiology, 429–430

pediatric, 437–438

pregnancy and, 438

Milk thistle. See Silymarin (milk thistle)

Mineral water, in osteoporosis, 511, 514

Mitochondrial dysfunction

in autistic spectrum disorder, 368–369

in fi bromyalgia, 557

in migraine headache, 430

in Parkinson’s disease, 458–459

Monoamine, in depression

metabolism of, 473, 474f

patient evaluation of, 478, 479f

reuptake inhibitor depletion of, 471–472, 472f

synthesis of, 472–473, 473f

Monoamine oxidase (MAO) enzyme, in depression, 

472–474, 474f

Monoamine theory, for depression pathophysiology, 

467–468

Monosaccharides, in Parkinson’s disease, 460, 461t

Monounsaturated fats

in cardiovascular disease, 71

in hypertension management, 84, 86–87

Mood disorders, migraine headache and, 435–436

MPTP (1-methyl4-phenyl1,2,3,6-tetrahydropyridine)

in depression, 469

in Parkinson’s disease, 468–469

Multiple endocrine neoplasia (MEN) syndromes, in 

hyperparathyroidism, 273–274

Muscles, atrophy of, obesity and, 304, 308

N

N-acetylcysteine

in orthopedic surgery preparation, 576

in prostate cancer, 650

in steatohepatitis treatment, 194

Nandrolone decanoate, in chronic obstructive pulmonary 

disease management, 150

Nasal irrigation, in rhinosinusitis treatment, 32

Nasal obstruction, in chemosensory disorders, 45

Nephrolithiasis. See Renal calculi

Nephrotoxicity, pharmacologic considerations, 353–354

Net endogenous acid production (NEAP), 508–509

Neurogeneration, diabetes and, 283–284

Neuroinfl ammation

in autistic spectrum disorder, 367–369

in seizures, 406

Neuron bundle damage, in depression pathophysiology, 

469–471

Neuropathy, breast cancer and, 611

Neuropeptides, in appetite regulation, 305t

Neurotoxins, in depression pathophysiology, 470–471

Neurotransmitters

in appetite regulation, 305t

in autistic spectrum disorder, 367–368, 382t

dysfunction of, in depression pathophysiology, 470, 

472, 472f

false, in autistic spectrum disorder, 369–371

that mediate smell, 44–45
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Niacin. See Vitamin B3

Niacinamide, in osteoarthritis management, 549

Nicotinic acid. See Vitamin B3

Nonalcoholic fatty liver disease (NAFLD)

diagnosis of, 189

epidemiology, 187

obesity and, 308

Nonalcoholic steatohepatitis (NASH). See also Steatohepatitis

diagnosis of, 189

epidemiology, 187

pathophysiology, 188

Non-small cell lung cancer. See Lung cancer

Nonsteroidal anti-infl ammatory drugs (NSAIDs)

adverse effects of, 542

in chronic kidney disease, 353

in osteoarthritis, 542

in Parkinson’s disease, 460–461

Norepinephrine, in chemosensory disorders, 46–47

N-trimethylglycine. See Betaine

O

Obesity, 301–317

asthma and, 137

breast cancer and, 605

cardiovascular disease and, 64, 70–71

carotenoid absorption and, 16

childhood, 311, 671

chronic obstructive pulmonary disease and, 146

colorectal cancer and, 632

complications of, 303, 303t

diabetes and, 283

epidemiology, 301

as macular degeneration risk factor, 6, 16

maternal, pregnancy and, 670–671

medications related to, 302t, 303

nutritional treatment, 312–316

calorie restriction, 313

hydration, 316

supplementation, 313–315

sweeteners, 312–313

orthopedic surgery and, 565, 567

osteoarthritis and, 541

pathophysiology, 302–306

adipose tissue growth, 304

appetite regulation, 304–305, 305t

atrophy, 304

homeostasis, 304–305, 305t

hormone imbalances, 306, 306f

infl ammation, 303–304

malnutrition, 302–303

in utero factors, 305–306

patient evaluation, 306–308, 309t–310t, 311

pharmacological treatment, 316

prior bariatric surgery and, 311

renal calculi formation and, 344–345

risk factors for, 302t

sleep apnea and, 308, 488–489

wound healing and, 587–588

Obesity-exacerbating conditions, 303, 303t, 307

Obstructive sleep apnea, 488–489, 488t

Older adults

olfactory defi cits in, 47–48

vitamin D in, 15–16

Oleic acid (omega-9 fatty acid)

in diabetes management, 288

in hypertension management, 84, 86–87

Olestra (Olean), carotenoid absorption and, 17

Oligoantigenic/few foods diet, in attention defi cit 

hyperactivity disorder, 416

Olive oil

in cardiovascular disease, 71

in hypertension management, 84, 86–87

Omega-3 fatty acids. See also Docosahexaenoic acid 

(DHA); Eicosapentaenoic acid (EPA); Fish oil; 

Omega-3 polyunsaturated fatty acids (PUFAs)

in acne pathophysiology, 324

in Alzheimer’s disease, 446–447

in asthma management, 137–139

in attention defi cit hyperactivity disorder, 417–418, 421

in cachexia, 150

in cardiovascular disease, 69

in chronic obstructive pulmonary disease management, 

150

in food reactivities, 251

food sources of, 417

in hypertension management, 85–86, 86t

in hypothyroidism, 260t

in lung cancer management, 661

in macular degeneration, 8, 17–18

metabolism of, 85t, 123, 123f

in orthopedic surgery preparation, 571, 578

in osteoarthritis management, 547–548

in prostate cancer, 641–642, 641t

ratio to omega-6 fatty acids

in attention defi cit hyperactivity disorder, 417

in hypertension management, 84

in lung cancer treatment, 661

in vegetarian diet, 17–18

wound healing and, 593–594

Omega-3 long-chain polyunsaturated fatty acids (PUFAs)

cardiac arrhythmias and

atrial dysrhythmias, 130

current hypothesis, 124

implantable cardioverter-defi brillators and, 121, 

129–130

prevention following myocardial infarction, 

125–127

electrophysiology of, 124

membrane physiology of, 123

metabolism of, 123, 123f

sudden cardiac death risk and, 127–129

Omega-3 polyunsaturated fatty acids (PUFAs). See also 

Omega-3 fatty acids

biochemistry of, 122, 122f

in infl ammatory bowel disease, 219, 224–225, 225t

in macular degeneration, 8, 17–18

metabolism of, 85t, 123, 123f

in vegetarian diet, 17–18

Omega-6 fatty acids. See also Omega-6 polyunsaturated 

fatty acids (PUFAs)

in chronic obstructive pulmonary disease management, 

150

in food reactivities, 251

food sources of, 86

in hypertension management, 86

in macular degeneration, 8

metabolism of, 85t, 123, 123f
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ratio to omega-3 fatty acids

in attention defi cit hyperactivity disorder, 417

in hypertension management, 84

in lung cancer treatment, 661

trans fats, 8

vegetable oils, 8

Omega-6 polyunsaturated fatty acids (PUFAs). See also 

Linoleic acid; Omega-6 fatty acids

biochemistry of, 122, 122f

in infl ammatory bowel disease, 219, 224–225

in macular degeneration, 8

metabolism of, 85t, 123, 123f

sudden cardiac death risk and, 128

Omega-9 fatty acids (oleic acid)

in diabetes management, 288

in hypertension management, 84, 86–87

Optiberry, in peptic ulcer disease treatment, 178t

Orange juice, renal calculi formation and, 344

Orlistat (Xenical, Alli), carotenoid absorption and, 17

Orthopedic surgery, 565–579

epidemiology, 565

nutritional management, 572t–575t

amino acids, 571, 576

antioxidants, 576–577

fi sh oil, 571, 576t, 578

hormones, 577

for infl ammation, 569t, 570–571

minerals, 577

supplements, 571, 576t

vitamins, 577–578

pathophysiology, 565–566

pharmacological considerations, 566

preoperative patient evaluation, 566–568, 568t–570t

laboratory testing, 567–568, 568t

physical examination, 566–567

Osteoarthritis, 539–553

epidemiology, 539–553

nutritional prevention, 552

nutritional treatment, 542–552, 543t

avocado/soybean unsaponifi able residues (ASU), 

548

cetylated fatty acids (CFAs), 548

chondroitin sulfate, 545–546

Devil’s Claw (Harpagophytum procumbens), 550

glucosamine, 544–545

hyaluronic acid, 547

hydration, 550, 551f

methylsulfonylmethane (MSM), 546–547

niacinamide, 549

omega-3 fatty acids, 547–548

SAMe (S-adenosyl Methionine), 546

selenium, 550

sprains, 552

strontium, 549–550

supplementation duration, 550–551

supplementation timing, 551–552

vitamin C, 548

vitamin D, 550

pathophysiology, 539–541

patient evaluation, 541–542

Osteoblasts

in bone formation, 521–522

decreased activity, in osteoporosis, 526

increased activity, in osteoporosis, 527

Osteomalacia

hyperparathyroidism and, 275

obesity and, 308

Osteopathy, methotrexate, in osteoporosis, 527

Osteopenia

hyperparathyroidism and, 271, 273f, 275

infl ammatory bowel disease and, 221–222, 222f

Osteoporosis, 503–517, 521–532

alkaline diet for, 509–511, 510t, 512t–513t, 514, 530, 532

balancing acid and base, 510–511, 512t–513t, 514

Blatherwick basal diets, 510–511

contraindications, 515–516

overview, 509–510

patient evaluation, 515

supplements, 514

transition to, 516–517, 517f

bone-building nutrients, 531t

breast cancer and, 610

chronic obstructive pulmonary disease and, 151–152

corticosteroid-induced, 151

dietary acids and, 505–517

biochemistry, 505–506, 506f

fruits and vegetables, 508, 508f

metabolic acidosis, 506–507

net endogenous acid production, 508–509

proteins, 507–508

sodium, 507, 511, 525

epidemiology, 503–504, 505f, 521

hyperparathyroidism and, 271, 273f, 275

infl ammatory bowel disease and, 222

nutritional treatment for, 151–152, 530, 531t, 532

pathophysiology, 521–529

decreased mineral availability, 524–525

decreased osteoblast activity, 526

impaired protein metabolism, 528

increased osteoblast activity, 527

insulin resistance, 528–529

peak bone mass, 523–524

patient evaluation, 530

protein in bone health, 504, 510

renal function and, 504

secondary causes, 521, 522t, 523

Western diets and, 504, 507–508, 525

Oxalate intake, renal calculi formation and, 340–341

Oxandrolone, in chronic obstructive pulmonary disease 

management, 150

Oxidative stress

in acne pathophysiology, 327–329

in Alzheimer’s disease, 446

in diabetes, 283

dietary effects on, 328–329

in hypertension pathophysiology, 76, 78, 79f, 79t, 80

in Parkinson’s disease, 459–460

P

Pain, sleep disturbances and, 487

Pancreatic transplantation, in diabetes, 295

Parasites, in gastroesophageal refl ux disease, 166, 169t

Parathyroid hormone (PTH)

functions of, 269, 270f

magnesium and, 270–271, 272f

physiology of, 269–276, 270f–274f

renal calculi formation and, 346
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Parenteral nutrition, osteoporosis and, 529

Parkinsonism model, in depression pathophysiology, 

468–469

Parkinson’s disease, 457–463

in chemosensory disorders, 47

comorbid conditions, 460–462

epidemiology, 457

pathophysiology, 458–462

infl ammation, 460–462

mitochondrial dysfunction, 458–459

oxidative stress, 459–460

pharmacological treatment, 457–458

Parsley, in peptic ulcer disease treatment, 178t

Peak bone mass

failure to reach, 523–524

in osteoporosis, 523–524

Pediatric migraine headache, 437–438

Peppermint oil, in irritable bowel syndrome management, 

205

Peptic ulcer disease (PUD), 173–183

acid-inducing beverages in, 182, 183f

epidemiology, 173–174

incidence, 173

nutritional treatment, 175–176, 176t–182t, 182–183

pathophysiology, 174–175

Periodic limb movement disorder, sleep disturbances and, 

489–490

Peroxisomal disorders, in seizures, 396–398

Peroxisome-proliferator activated receptor-gamma (PPAR)

in acne, 323–325

in Parkinson’s disease, 461–462

Pesticides, in male infertility, 686

Peyer’s patches, 242

Phenylketonuria, maternal, pregnancy complications and, 671

Phosphatidylcholine

in chemosensory disorders, 52

in obesity management, 315, 407

in seizures, 399

in steatohepatitis treatment, 194–195

in toxic exposure detoxifi cation, 688

Phospholipase A2, in seizures, 399–400, 400t

Phospholipids, in toxic exposure detoxifi cation, 688

Phosphorus

in chronic kidney disease management, 358

in osteoporosis management, 525

Phytochemicals. See Phytonutrients

Phytoestrogens

in breast cancer, 607

herbs that are estrogenic, 607

in prostate cancer, 642

Phytonutrients. See also Carotenoids; Flavonoids; 

Isofl avones

in angiogenesis prevention, 14

in breast cancer, 606–607

in cervical cancer, 619–620

in macular degeneration, 13–14

whole foods and, 13–14

Pigment-epithelium-derived growth factor, in macular 

degeneration, 5

Plantain, in peptic ulcer disease treatment, 178t

Polycystic ovary syndrome (PCOS)

diabetes and, 284

obesity and, 308

Polyphenols, in infl ammatory bowel disease, 225

Polyunsaturated fatty acids (PUFAs)

in attention defi cit hyperactivity disorder, 418

biochemistry of, 122, 122f

in infl ammatory bowel disease, 219, 224–225, 225t

membrane physiology of, 123

metabolism of, 123, 123f

in obesity management, 314

omega-3. See Omega-3 long-chain polyunsaturated 

fatty acids (PUFAs); Omega-3 polyunsaturated 

fatty acids (PUFAs)

omega-6. See Omega-6 polyunsaturated fatty 

acids (PUFAs)

in peptic ulcer disease treatment, 178t

Pomegranate, in prostate cancer, 645

Postcholecystectomy syndrome, 196–197

choline supplementation in, 197

defi ned, 196

Potassium

in alkaline diet, 515–516

in congestive heart failure treatment, 115, 116t

hypertension and, 82–83, 355

Prebiotics

in food reactivities, 252

in gastroesophageal refl ux disease treatment, 166, 

169t–170t

in infl ammatory bowel disease management, 

227, 228t

Preeclampsia, 671–672

Pregnancy, 669–681

drugs effecting, 672, 672t

epidemiology, 669

gastroesophageal refl ux disease during, 161

intrauterine growth restriction, 673–676

defi ned, 673

epigenetics in, 675–676

etiology, 673

fatty acids in, 674

glucose in, 673–674

long-term effects of, 674–675

protein in, 674

iodine defi ciency and, 264

maternal weight gain, 670t

migraine headache and, 438

nutritional recommendations, 676–681, 677t

controversial foods, 680–681

energy needs, 676

essential fatty acids, 679–680

nutrients, 677t, 678–680

protein, 677–678

pathophysiology, 670–676

toxic exposure and, 672–673

in utero factors

diabetes and, 282

obesity and, 305–306

Pressure ulcers, wound healing and, 583

Primary biliary cirrhosis, osteoporosis and, 524

Probiotics

in food reactivities, 252

in gastroesophageal refl ux disease treatment, 166, 

169t–170t

in infl ammatory bowel disease management, 226–227, 

228t

in irritable bowel syndrome management, 205–206

in peptic ulcer disease treatment, 175, 178t–179t
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in rhinosinusitis prevention, 34t, 35–36

in steatohepatitis treatment, 195

in urinary tract infection prevention, 346

Procyanidin, 14

Proliferation, in wound healing, 585t, 586, 586f

Propionibacterium acnes (P. acnes), in acne, 322–324, 

322f

Propolis, in peptic ulcer disease treatment, 179t

Prostabel, in prostate cancer, 646t, 649

Prostate cancer, 639–650

anti-infl ammatory chemoprevention, 

648–649

epidemiology, 639–640

nutrient-drug interactions, 649–650

nutritional treatment

food chooses, 640–645, 641t

supplementation, 645–648, 646t

pathophysiology, 640

Protein

bone health and, 504, 510

chronic kidney disease and, 354–355, 357–358, 

359t

in diabetes management, 286, 288

food sources of, 592t

hypertension and, 354–355

in hypertension management, 83–84, 95

in intrauterine growth restriction, 674

in lung cancer management, 660–661

nutritional recommendations during pregnancy, 

677–678

in obesity management, 314–315

in orthopedic surgery preparation, 569t, 570

osteoporosis and, 525

renal calculi formation and, 343–344

sardine muscle, in hypertension management, 84

soy, in hypertension management, 84

whey

in hypertension management, 84

in lung cancer management, 661

wound healing and, 583, 587, 590–591, 592t, 593, 

595–596

Protein-calorie malnutrition, in osteoporosis, 528

Protein metabolism, impaired, in osteoporosis, 528

Proteolytic enzymes, in rhinosinusitis management, 33

Proton pump inhibitors (PPIs)

effects of, 163–164, 167

gastric cancer and, 160, 163

in gastroesophageal refl ux disease management, 

159, 162

Pseudohypoparathyroidism, in chemosensory disorders, 45

Psychological therapies, in irritable bowel syndrome, 

209

Pycnogenol

in asthma management, 138

in hypertension management, 93, 95

Pyridoxine. See Vitamin B6

Q

Quercetin

in allergic rhinitis management, 34–35

in asthma management, 138

in diabetes management, 290

in peptic ulcer disease treatment, 179t, 182

R

Race, as macular degeneration risk factor, 5

Radiation, iodine and, 265

Radiation therapy

nutrient interactions with, 607–609

nutrients that relieve side effects, 609, 610t

nutritional status and, 662–663

Radiotherapy, for macular degeneration, 5

RANKL, in osteoporosis, 522, 528–529

Reactive oxygen species (ROS), in hypertension 

pathophysiology, 76, 78, 78f, 79t, 80–81, 81f

Recombinant human growth hormone (rhGH), in chronic 

obstructive pulmonary disease management, 

151

Red cell fatty acids

in autistic spectrum disorder, 374–375, 382t

in seizures, 401, 402f, 404

Reinoculation, in gastroesophageal refl ux disease 

treatment, 166, 169t–170t

Reishi, in peptic ulcer disease treatment, 179t

Remodeling, in wound healing, 585t, 587

Renal calculi, 337–347

comorbid conditions, 344–346

diagnostic testing, 339

diet-genetic interactions, 337–338

epidemiology, 337–338

incidence, 338, 338f

medications related to, 346

nutritional considerations, 339–344, 347t

alcohol, 342

caffeine, 342

calcium, 340

fl uids, 339–340

fruits and vegetables, 344

magnesium, 343

oxalate, 340–341

protein, 343–344

sodium, 342–343

vitamin C, 341

pathophysiology, 338–339

uric acid

dietary considerations, 347t

pathophysiology, 338–339, 342–344

Renal failure, chronic, nutritional considerations, 357–358, 

359t, 360

Renal function

diabetes and, 283

function of kidneys, 352–353

osteoporosis and, 504

Renegade fatty acids, in seizures, 396–397, 399, 407

Resting Energy Equivalent (REE), chronic obstructive 

pulmonary disease and, 148

Resting metabolic rate (RMR), in obesity, 309t

Restless leg syndrome

attention defi cit hyperactivity disorder and, 419

iron supplementation for, 419

migraine headache and, 436–437

sleep disturbances and, 489

Resveratrol, in infl ammatory bowel disease, 225

Retinal pigments, as macular degeneration risk factor, 7

Retinol

cervical cancer and, 620

osteoporosis and, 529
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Rhinitis, allergic. See also Rhinosinusitis

nutritional management, 33–35, 35t

prevention of, 36–37

Rhinosinusitis, 29–38

components of, 32, 32t

defi ned, 29

differential diagnosis, 30, 30t

medical treatment of, 32–33

nutritional management, 33–35, 34t

pathophysiology, 30, 30t

prevention of, 35–37

acupuncture, 37

multivitamin-mineral supplementation, 36

probiotics, 35–36

smoking and, 37

risk factors for, 30, 30t

signs and symptoms, 29–30

Ribofl avin

in migraine headache, 433

in Parkinson’s disease, 460, 461t

Ribose. See also D-ribose

in breast cancer, 611

in diabetes, 286

in fi bromyalgia management, 561–562

glycemic impact of, 118, 286

in obesity management, 312

as sweetener substitute, 560

Rome criteria, for irritable bowel syndrome, 201, 202t

Rotation diets, for food reactivities, 251

4R program, in gastroesophageal refl ux disease treatment, 

166–167, 169t–170t

S

Saccharin

in attention defi cit hyperactivity disorder, 417

in osteoporosis, 513t

in sleep disturbance, 489

S-adenosylmethionine (SAMe)

in orthopedic surgery preparation, 576

in osteoarthritis management, 546

in steatohepatitis treatment, 194

Salt. See also Sodium

iodized, 264

osteoporosis and, 507, 511, 525

Sanogastril, in peptic ulcer disease treatment, 

179t

Sarcogenic obesity, orthopedic surgery and, 565, 567

Sardine muscle protein, in hypertension management, 84

Sariva, in peptic ulcer disease treatment, 180t

Saturated fats, in cardiovascular disease, 71

Sauna, far infrared, in toxic exposure detoxifi cation, 689

Saw palmetto, in prostate cancer, 645

Sea-buckthorn, in peptic ulcer disease treatment, 180t

Seaweed

in breast cancer, 607

in hypertension management, 93, 96

Seizures, 395–408

defi ned, 395

epidemiology, 395

gene-nutrient interactions, 401

nutritional treatment, 403–407

essential fatty acids, 404–405

ketogenic diet, 403–404

Membrane Stabilizing Protocol, 397, 398t, 399, 

404, 406–407

neuroinfl ammation, 406

specifi c ratio, 404–405

pathophysiology, 395–400

cell membrane, 396, 398t

ceramides, 399

nutrient-related etiologies, 396

peroxisomal disorders, 396–398

phosphatidylcholine, 399

phospholipase A2, 399–400, 400t

sodium phenylbutyrate (PBA), 398–399

patient evaluation, 400–401

pharmacological treatment, 401, 403

Selenium

in Alzheimer’s disease, 448–449

in asthma management, 137–138

cadmium and, 648

in depression treatment, 475–476

in hypothyroidism, 260t, 266

in lung cancer, 662

in male infertility treatment, 690

mercury and, 648, 672–673

in osteoarthritis management, 550

in prostate cancer, 641t, 646t, 647–648

in rhinosinusitis prevention, 34t, 36

Serotonin

amino acid precursors of, in depression treatment, 

474–480, 475t, 476f, 479f

in irritable bowel syndrome, 202–203

Serotonin system, in depression treatment, 477–478

Sex hormone binding globulin (SHBG), in acne 

pathophysiology, 326–327

Sex hormones

imbalance of, in obesity, 306, 306f

replacement therapy for osteoporosis, 151–152

Short chain fatty acids (SCFAs)

in infl ammatory bowel disease, 219, 225, 226t

in prostate cancer, 640–641

Silicon, in orthopedic surgery preparation, 577

Silymarin (milk thistle), in steatohepatitis treatment, 

195

Sinupret, in rhinosinusitis management, 33

Sinusitis. See Rhinosinusitis

Sleep, physiology of, 485

Sleep apnea

obesity and, 308, 488–489

obstructive, 488–489, 488t

Sleep disturbances, 485–496

diabetes and, 485–486

desynchronosis, 490–492, 491f

in fi bromyalgia, 559

insomnia, 486

jet lag, 491

medical conditions related to, 486–492

nutritional management, 492–493, 494t–496t, 496

alcohol, 493, 496

caffeine, 492–493, 494t–496t

hunger, 493

nutrition-related consequences of, 485–486

obstructive sleep apnea, 488–489, 488t

periodic limb movement disorder, 489–490

restless leg syndrome, 489

shift workers, 490
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substances related to, 486, 486t

weight gain and, 485

Small intestinal bacterial overgrowth (SIBO). See also 

Dysbiosis

in irritable bowel syndrome, 203

Smell

alteration in. See Chemosensory disorders

anatomy of, 43–44

assessment of, 50–51

neurotransmitters that mediate, 44–45

Smoking

in allergic rhinitis prevention, 37

as cardiovascular risk factor, 64, 64t

in chemosensory disorders, 49

as macular degeneration risk factor, 5–6

in osteoporosis, 526

in steatohepatitis, 192

Sodium

in congestive heart failure treatment, 115, 116t

hypertension and, 81–82, 355

osteoporosis and, 507, 511, 525

renal calculi formation and, 342–343

Sodium phenylbutyrate (PBA), in seizures, 398–399

Sorbitol

diabetes and taurine depletion, 290

in irritable bowel syndrome, 206, 208, 209

in seizures, 398t

Soy isofl avones

in breast cancer, 606–607

in hypothyroidism, 262–263

in osteoporosis, 532

in prostate cancer, 642

Soy products

fermented, 262

genetically modifi ed, 262

iodine defi ciency effects on, 263

metabolic syndrome and, 356

nonfermented, 262

in prostate cancer, 642

Soy protein, in hypertension management, 84

Specifi c ratio, in seizure management, 404–405

Spicy foods, in rhinosinusitis management, 33, 34t

Spirulina, in allergic rhinitis management, 33–34

St. John’s wort, chemotherapy and, 608, 609t

Stanozolol, in chronic obstructive pulmonary disease 

management, 150

Statin drugs

in chronic kidney disease, 354

coenzyme Q10 interaction with, 70

Steam inhalation, in rhinosinusitis treatment, 33

Stearic acid, biochemistry of, 122, 122f

Stearidonic acid, in omega-3 fatty acid metabolic pathway, 

85t, 123t

Steatohepatitis, 191–196. See also Nonalcoholic 

steatohepatitis (NASH)

treatment

food selection and, 192–193

nutrients, 193–196

smoking and, 192

weight loss and, 191–192

Steroids

in chronic obstructive pulmonary disease management, 

150

seizures and, 397

Sterol regulatory element binding protein (SREBP), 191

Stevia, 385, 386, 398, 560, 569

acid chemical balance and osteoporosis, 511

Stimulants, for attention defi cit hyperactivity disorder, 

420–421

Stinging nettles (Urtica dioica), in allergic rhinitis 

management, 35

Stroke, ischemic, migraine headache and, 436

Strontium

in osteoarthritis management, 549–550

in osteoporosis, 549

Substitution diets

for food reactivities, 251

in obesity management, 312

Sucrose. See Sugar

Sucralose, in irritable bowel syndrome, 209

Sudden cardiac death (SCD), fi sh consumption and risk of, 

127–129

Sugar

in attention defi cit hyperactivity disorder, 416–417

blood, in diabetes pathophysiology, 282

in colorectal cancer, 634

glycemic index of, 287t

role in obesity, 303, 312

steatohepatitis and high-sucrose diet, 193

in seizures, 398t

in rhinosinusitis prevention, 36

Sulfonylureas, in diabetes management, 293t

Sulforaphane, 12

Sulfur metabolism, in autistic spectrum disorder, 377

Sunglasses, macular degeneration and, 18

Surgery, orthopedic. See Orthopedic surgery

Surgical site infections, wound healing and, 584

Swallowroot, in peptic ulcer disease treatment, 180t

Sweeteners. See Aspartame, Fructose, Honey, Ribose, 

Saccharin, Sorbitol, Stevia, Sucralose, Sucrose, 

Sugar, Xylitol

in irritable bowel syndrome, 209

maltitol, 209, 398t

mannitol, 398t

obesity and, 209, 312–313

T

Tastant use

in chemosensory disorders, 55–56

weight loss and, 55–56

Taste

alteration in. See Chemosensory disorders

physiology of, 45

Taurine

in diabetes management, 290

in hypertension management, 92

T-cell mediated food reactivity, 242t, 243, 244t

Tea consumption. See also Green tea

during pregnancy, 680–681

Tegaserod, in irritable bowel syndrome, 204

Temporal lobe lesions, in chemosensory disorders, 46

Testosterone, in acne pathophysiology, 326

Thalamic lesions, in chemosensory disorders, 46–47

Thalidomide, in chronic obstructive pulmonary disease 

management, 150

Thermal photocoagulation, for macular degeneration, 5

Thiamine (vitamin B1)
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in chemosensory disorders, 52

in congestive heart failure treatment, 115, 116t

Thiazolidinediones (rosiglitazone), in diabetes 

management, 292, 294t

Thioctic acid. See Alpha-lipoic acid

Thyroid gland

attention defi cit hyperactivity disorder and, 414

physiology of, 259–260

Thyroid hormone defi ciency, in fi bromyalgia, 559

Thyroid-stimulating hormone (TSH), in obesity, 309t

Tobacco use. See also Smoking

in osteoporosis, 526

Tocopherol. See Alpha-tocopherol; Vitamin E

Tocotrienols, 10. See also Vitamin E

Total cholesterol/high-density lipoprotein (TC/HDL) ratio, 

67–68

Total parenteral nutrition (TPN)

complications of, 223, 223t

fatty liver and, 196

infl ammatory bowel disease and, 223, 231

Toxic agents

in attention defi cit hyperactivity disorder, 414

in autistic spectrum disorder, 378, 381t, 383t

in chemosensory disorders, 48–49

in male infertility

detoxifi cation, 688–689, 691

pathophysiology, 686–687

patient evaluation, 687, 691

prevention, 687–688

pregnancy and, 672–673

in seizures, 401, 406

Trans fatty acids

in acne pathophysiology, 325

in macular degeneration, 8

in prostate cancer, 641

in sudden cardiac death, 128–129

Trans linoleic acid, biochemistry of, 122, 122f

Trauma, in chemosensory disorders, 49–50

Triamcinolone acetonide, for macular degeneration, 5

Trigeminovascular complex, in migraine headache, 

429–430

Triglycerides

in cardiovascular disease, 65

in obesity, 309t

Tryptophan. See 5-hydroxytryptophan (5-HTP)

TSH blood test, 260–261

Tumor necrosis factor (TNF), in infl ammatory bowel 

disease, 218–219

Turmeric. See also Curcumin

in peptic ulcer disease treatment, 180t

Tyrosine

in attention defi cit hyperactivity disorder, 420

in depression treatment, 475, 475t, 478

in hypothyroidism, 260, 260t

U

Ubiquinone. See Coenzyme Q10

Ulcerative colitis. See also Infl ammatory bowel disease 

(IBD)

characteristics of, 218

epidemiology, 217–218

probiotic and prebiotic in management, 226–227, 228t

Ultraviolet radiation, in prostate cancer, 646–647

University of Pennsylvania Smell Identifi cation Test, 51

Upper respiratory infection, prevention of, probiotics, 

35–36

Urinary tract infection (UTI), renal calculi formation and, 

345–346

Ursodeoxycholic acid, in steatohepatitis treatment, 

193–194

V

Vaccinations, autistic spectrum disorder and, 378

Valerian root, in migraine headache, 435

Valyl-Tyrosine (VAL-TYR), in hypertension management, 

84

Vanadium, in diabetes management, 289

Vascular disease. See also Cardiovascular disease

Alzheimer’s disease and, 446

diabetes and, 283

Vascular endothelial growth factor (VEGF)

in angiogenesis, 14

in lung cancer, 658

Vegetable oils

in macular degeneration, 8, 15

selection of, 15

Vegetables

alkalinizing effects of, 508, 508f, 511

in Alzheimer’s disease, 448

in breast cancer, 606

in colorectal cancer prevention, 630, 631t

cruciferous, 660t

in cervical cancer, 619–620

as goitrogens, 263

in lung cancer management, 660, 660t

in macular degeneration, 12

in peptic ulcer disease treatment, 175, 176t

in prostate cancer, 642

dark green, 659t

in lung cancer management, 659, 659t

in macular degeneration, 12

in lung cancer management, 659, 659t

sea, as iodine source, 265, 266t

seaweed, in hypertension management, 93, 96

Very long chain fatty acids (VLCFs)

in autistic spectrum disorder, 374–375

in seizures, 396–397, 399, 404, 407

Vinclozolin, in male infertility, 686

Viral hepatitis

antioxidants in treatment, 189–191

in chemosensory disorders, 45

epidemiology, 187

pathophysiology, 188

Visceral hypersensitivity

defi ned, 202

in irritable bowel syndrome, 202–203, 

205–206

Vitamin A. See also Beta-carotene

in cardiovascular disease, 69–70

in cervical cancer, 620

in chemosensory disorders, 52

food sources of, 590t

in hypothyroidism, 260t

osteoporosis and, 529

retinol, osteoporosis and, 529

in rhinosinusitis, 34t
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Vitamin B1

in chemosensory disorders, 52

in congestive heart failure treatment, 115, 116t

Vitamin B3

combined with antioxidants, in cardiovascular disease, 

69–70

niacinamide, 549

in osteoarthritis, 549

supplementation, effects on homocysteine, 70

Vitamin B5, in orthopedic surgery preparation, 578

Vitamin B6

in asthma management, 138

in cardiovascular disease, 68

in hypertension management, 89

in orthopedic surgery preparation, 578

Vitamin B9. See Folate

Vitamin B12

in Alzheimer’s disease, 450–451

in cardiovascular disease, 68

in cervical cancer, 619, 621

defi ciency of, in infl ammatory bowel disease, 231

in fi bromyalgia management, 561

in male infertility treatment, 690

in obesity, 309t

in orthopedic surgery preparation, 577–578

Vitamin B complex. See also specifi c B vitamin
food sources of, 590t

supplementation, effects on homocysteine, 70

wound healing and, 589t, 594

Vitamin C

actions of, 87, 87t

in Alzheimer’s disease, 448–449

food sources of, 590t

in hypertension management, 87–89, 87t, 88t

in macular degeneration management, 9–10

in male infertility treatment, 690

in osteoarthritis management, 548

in peptic ulcer disease treatment, 180t

renal calculi formation and, 341

in rhinosinusitis, 34t

wound healing and, 589t, 594

Vitamin D. See also 1,25-dihydroxy vitamin D (calcitriol); 

25-hydroxy vitamin D (Calcidiol)

in Alzheimer’s disease, 452–453

in breast cancer, 607

in cardiovascular disease, 68–69

in colorectal cancer, 630, 631t, 633

defi ciency of

in hyperparathyroidism, 270f, 273–275, 274f, 

276–277

in macular degeneration, 8, 15–16

in older adults, 15–16

treatment, 277

food sources of, 590t

in hyperparathyroidism, 269–270, 270f–271f, 277

in hypertension management, 89

in hypothyroidism, 260t

in infl ammatory bowel disease management, 221–222, 

222t, 230

in lung cancer, 662

in macular degeneration, 8, 15–16

nutritional recommendations during pregnancy, 

678–679

in obesity, 309t

in obesity management, 315

in orthopedic surgery preparation, 578, 578t

in osteoarthritis management, 550

in osteoporosis, 151

in prostate cancer, 641t, 645–647, 646t

Vitamin E. See also Alpha-tocopherol

in Alzheimer’s disease, 448–449

arrhythmia prevention following myocardial 

infarction, 125–126

in asthma management, 138

in attention defi cit hyperactivity disorder, 418

in diabetes management, 292t

food sources of, 590t

in hypothyroidism, 260t

in macular degeneration management, 10

in Parkinson’s disease, 459

in prostate cancer, 641t, 646t, 647

radiation therapy and, 608

Vitamin K

food sources of, 590t

in wound healing, 589t

W

Wakame (Undaria Pinnatifi da), in hypertension 

management, 93, 96

Warfarin (Coumadin), carotenoid absorption and, 16

Water hyssop, in peptic ulcer disease treatment, 181t

Weight gain. See also Obesity

maternal, during pregnancy, 670–671, 670t

sleep deprivation and, 485

Weight loss. See also Cachexia

chronic obstructive pulmonary disease and, 146–151

steatohepatitis and, 191–192

tastant use and, 55–56

Western dietary patterns

colorectal cancer and, 631

osteoporosis and, 504, 507–508, 525

Whey protein

in hypertension management, 84

in lung cancer management, 661

Whole foods

in macular degeneration management, 13–14

phytonutrients in, 13

Wound healing, 583–596

comorbid conditions, 587–588

energy expenditure and, 588–590, 591t

epidemiology, 583–584

nutritional management, 588–596, 589t–590t

carbohydrates, 588–590, 589t

fat, 589t, 593–594

protein, 590–591, 592t, 593, 595–596

vitamin B complex, 589t, 594

vitamin C, 589t, 594

zinc, 589t, 594–595

patient evaluation, 588

stages of, 584, 585t, 586–587

stress response to injury, 587, 587f

X

Xanthophylls, 7

absorption and availability of, 15

in macular degeneration, 7
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Xenoestrogens

in male infertility, 686

in prostate cancer, 642

Xenotoxins, in food reactivities, 242

Xylitol

glycemic index, 287t

in irritable bowel syndrome, 209

in obesity management, 311

in rhinosinusitis prevention, 36

Y

Yeast

allergic rhinitis prevention and, 36

overgrowth, in gastroesophageal refl ux disease, 166, 

169t

Z

Zeaxanthin, 7

food sources of, 13, 14t

in macular degeneration, 7, 12–13

Zinc

absorption of, 11

and antioxidant combination, in macular degeneration 

management, 10–11

in attention defi cit hyperactivity disorder, 419

in chemosensory disorders, 53

in diabetes management, 292t

food sources of, 11, 590t

in hypothyroidism, 260t

in macular degeneration management, 11–12

in male infertility treatment, 690

in prostate cancer, 641t

in rhinosinusitis, 34t

wound healing and, 589t, 594–595

Zinc carnosine

in gastroesophageal refl ux disease treatment, 167, 170t

in orthopedic surgery preparation, 577

in peptic ulcer disease treatment, 181t

Zinc defi ciency

in gastroesophageal refl ux disease, 161

in macular degeneration, 8

Zyfl amend, in prostate cancer, 646t, 649
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