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DEDICATION 

To my parents and teachers; 
without them, this work would never have been possible, 

and to my students and patients; 
without them, this work would never have had real meaning. 



SERIES EDITOR'S INTRODUCTION 

It is common knowledge that diabetes has become, over the last few decades, one of 
the most important public health problems. This is mainly the result of the explosive 
increase in the number of people who are diagnosed with type 2 diabetes in every part of 
the world and in almost every society, whether they have limited or advanced resources. 
As a matter of fact, it is the developing countries that present themselves with the highest 
rate of increase in diabetes. It is also not surprising that the increase in type 2 diabetes is 
accompanied by and related to the increase in obesity, which in some countries, like the 
United States, tends to be at an epidemic level. The terms "diabesity" and "metabolic 
syndrome" are recent additions to the medical dictionary, and they refer to new condi- 
tions that were described during the last 20 yr. 

The management of diabetes and the complications that are associated with it, such as 
cardiovascular disease, neuropathy, retinopathy, and renal disease, is one of the main 
challenges of medicine in this century. It has long become obvious that this task cannot 
be achieved by the efforts of one discipline, which traditionally has been endocrinology, 
but will require a multidisciplinary approach that includes the services of numerous 
health professionals, such as the primary care physician, the endocrinologist, the special- 
ist nurse, the dietitian, the exercise physiologist, the cardiologist, the podiatrist, and the 
vascular surgeon, to name only a few. In addition, the financial burden of the management 
of both diabetes and obesity is very high, and in some cases prohibitive, even in advanced 
societies that can afford to allocate considerable recourses for this purpose. 

Education of the health professionals who are involved in the management of diabetes 
is probably one of the most important priorities. In that sense, I feel very excited and 
privileged that Humana Press has asked me to be the editor of its Contemporary Diabetes 
series. I hope that our collaboration will lead to the publication of high-quality books that 
will be edited by scientists who are world leaders in this field. It is our hope that these 
books will have a significant impact in the management of a condition that can affect the 
lives of so many people. 

I am proud to present Obesity and Diabetes, the first book in the new series, which was 
edited by Dr. Chris Mantzoros, MD. Dr. Mantzoros, a friend and compatriot of mine who 
also works in the same institution with me, is a world leader in the field of obesity and 
its links to diabetes. In this volume, he has managed to bring together all of the authorities 
in diabetes and obesity to produce a high-quality book. I have no doubt that his work can 
be a major contribution and help the medical community to manage these conditions. 

Aristidis Veves, MD 
Series Editor 
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PREFACE 

Obesity and diabetes are reaching epidemic proportions in developed countries in the 
21 st century while, at the same time, they are also becoming disturbingly more prevalent 
in developing countries. In the United States alone, one-third of the population is obese 
and another third is overweight, more than 10 million people have been diagnosed with 
diabetes mellitus, and another 5 million remain undiagnosed. Similar numbers have been 
reported in other Western nations as well. Because these disease states are closely linked 
with the development of serious complications, including cardiovascular disease and 
several malignancies, their impact from a public health perspective is enormous and 
continues to increase. As the population ages and becomes more sedentary, the morbidity 
and mortality associated with obesity and diabetes will continue to escalate. 

Thus, it is imperative to focus our research efforts on trying to understand the etiology 
of obesity and diabetes as well as the mechanisms underlying the development of the 
complications associated with these conditions. It is also critically important to focus our 
public health efforts on the prevention and our clinical efforts on the treatment of these 
disease states. Obesity and Diabetes furthers these goals by presenting a comprehensive 
review of both the research and clinical aspects of obesity and diabetes to scientists and 
practicing clinicians alike. 

Part I (Chapters 1 and 2) is a review of the history and epidemiology of these condi- 
tions. Part II (Chapters 3-7) focuses on the genetics and pathophysiology of obesity and 
diabetes, reviewing known mechanisms and interactions. In Part III (Chapters 8 -23), the 
diagnosis, clinical manifestations, and complications associated with obesity and diabe- 
tes are discussed in detail. Finally, Part IV (Chapters 24-31) presents state-of-the-art 
approaches (lifestyle and pharmacological) to the treatment of these conditions. 

I am indebted to the many people, all leading experts in their respective fields, who 
have contributed to Obesity and Diabetes. I certainly hope that our efforts will not only 
serve as a stimulus for further research in this increasingly important field of medicine, 
but also provide cutting-edge and clinically vital information to our students and prac- 
ticing colleagues that will enhance the quality of care that we provide to our patients. 

Christos Mantzoros, MD, DSc 
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1 Obesity and Diabetes 
The Historical Events Marking the Evolution 
of the Understanding of the Pathophysiology 
and Treatment of Two Related Diseases 

George Karanastasis, M~ 
and Cbristos S. Mantzoros, MD, DSc 

CONTENTS 

INTRODUCTION 
THE ORIGINS OF OBESITY AND DIABETES 

THE CLASSICAL AGES (500 BC TO AD 100) 
THE SCIENTI~C ERA (AD 1500 TO PRESENT) 
TWO CENTURIES OF RAPID DEVELOPMENT: THE PATH 

TOWARD A TREATMENT 
RECENT DISCOVERIES THAT HAVE REVOLUTIONIZED THE APPROACH 

TO DIABETES AND OBESITY 

RECENT ADVANCES IN GENETICS CREATE A RESURGENCE 

OF INTEREST IN OBESITY AND DIABETES RESEARCH 
CONCLUSIONS 
REFERENCES 

I N T R O D U C T I O N  

Throughout history, man has shown a keen interest in understanding the mechanisms 
that sustain our existence and the relentless attempts of pathology to hinder our sur- 
vival. Obesity, in the simplest of descriptions the result of an imbalance of energy 
intake and energy expenditure (EE), has been viewed in a multitude of differing ways 
throughout the centuries. At an early point in history when starvation was so prevalent, 
obesity was regarded as the aesthetic ideal. In today's society of affluence, however, the 
continual projection of a slender image through the media and the morbidity and mor- 
tality associated with this disease have likened obesity to an unyielding plague. 

In the same respect, another disease entity, one that was originally identified as an 
obscure syndrome of excessive thirst despite copious fluid intake, has also attracted 
considerable attention throughout the history of investigative medicine. Now a disease 
with an ever-increasing prevalence, diabetes has been a topic of intense research and 
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4 Karanastasis and Mantzoros 

exploration throughout the evolution of medicine and, more recently, has come to be 
recognized as a comorbidity of obesity. 

Although physicians had made great efforts in understanding both diseases, break- 
throughs were not significant enough to result in effective therapy until the early twen- 
tieth century. Previous to that point in history, the prognosis of a patient suffering from 
obesity and/or diabetes was largely similar to one of 3000 yr ago. It has been through 
the rapid progression in knowledge obtained about these illnesses in the last century 
that a correlation between the two has been established and effective treatment strate- 
gies have emerged. 

The purpose of this chapter is to outline the evolution of our understanding of the 
pathophysiology and treatment of these two disease states originally regarded as unre- 
lated phenomena and their later association following extensive probing into their 
causes. Thus, we provide separate descriptions of obesity and diabetes in an interleaved 
pattern until that point in history where a relationship between the two was established. 
Then we continue with a combined discussion of scientific milestones in the history of 
these two associated diseases. 

T H E  ORIGINS OF OBESITY A N D  DIABETES 

Obesity 
The first descriptions of obesity date back to the Paleolithic Stone Age (approx 

25,000 yr ago), as illustrated by the discovery and excavation of a series of artifacts 
spread across Europe. These artifacts, of various height and composition, depict obese 
women with pendulous breasts, the most famous of these being the Venus of Willendoff. 
They serve not only as proof of the presence of obesity, but perhaps as a symbol of the pro- 
jected ideal of health and fertility, a state that so sparingly existed in that era (1). Through 
the Neolithic period (8000 Be to 5500 BC) and into the Charcolithic age (3000 Bc), several 
more artifacts, coined "Mother Goddesses," depicting women exhibiting exaggerated 
breasts, bellies, and hips were uncovered. 

Continuing into the era of Egyptian medicine, it is evident from the Ebers Papyrus 
and the Edwin Smith Papyrus (2), an even older document written sometime between 
2500 and 2000 Be, that Egyptians were oblivious neither to the phenomenon of exces- 
sive body weight nor to the association with certain social classes in which it com- 
monly existed. It would be inaccurate to conclude that, in those times, being obese was 
only a "commodity" of the rich, but it is clear from studies of royal mummies that obe- 
sity had earned a firm place among the more fortunate. This variation is readily apparent 
in artistic engravings set in stone that portray situations such as a grossly obese harpist 
playing before Prince Ald (3), and a fat man enjoying food presented to him by his lean 
servants in Mereruka's tomb (reviewed in ref. 4) 

Obesity was also of interest in the medicine practiced in other parts of the world. 
The early Chinese attempted to treat it using a technique of inserting needles into the 
flesh, currently widely known as acupuncture. They applied this approach to obese 
individuals by placing the needle into the pinna of the ear in hopes of reducing appetite 
and causing body weight and size to decrease (reviewed in ref. 4). 

Considered by many the offspring of Chinese tradition, Tibetan medicine followed 
up on its ancestors' ideology that overeating was the cause of obesity and the only 
defense one had in the face of this problem was to decrease energy intake. As described 
in an ancient text entitled The Four Tantras, the Tibetans acknowledged the fact that 
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"overeating.. .  causes illness and shortens life span" (5). The realization was made that 
a catabolic state was imperative in the fight against this unwavering condition. Their 
treatment strategies, however, would eventually prove far too inadequate; to mention a 
few: "The vigorous massage of the body with pea flour counteracts phlegm diseases 
and obesity . . . .  The gullet, hair compress and flesh of a wolf remedy goiters, dropsy, 
and obesity" (6). 

Diabetes 

The clinical syndrome of diabetes also shares the deep roots of obesity in the prehis- 
toric era despite being clearly documented at a much later time. The first evidence of 
diabetes was recorded in the Egyptian Papyrus written in 1500 BC and was discovered 
by Egyptologist Georg Ebers in AD 1862 during the excavation of an ancient grave in 
Thebes. It was within this document that a condition of "too great emptying of urine" 
was noted, perhaps a reference to the syndrome of diabetes (reviewed in ref. 7). 
Coinciding in time with the discovery of Ebers, physicians in India, through their obser- 
vations of the attraction of flies and ants to diabetic urine, essentially developed the 
first crude clinical test for its diagnosis. They named the condition madhumeha (honey 
urine) and recognized that patients suffering from this disease exhibited polyuria and 
relentless polydipsia (reviewed in ref. 7). 

T H E  CLASSICAL AGES (500 Be T O  AD 100) 

Obesity 

During the times of Greco-Roman medicine, the understanding and characterization 
of obesity as a serious disease evolved to a great extent. Hippocrates made the astute 
observation that "sudden death is more common in those who are naturally fat than in 
the lean" (8). Also documented in his writings was the correlation among an inordinate 
body mass, infertility, and oligomennorhea in those affected by this condition. 
Hippocrates was as serious in his treatment approach of obesity as he was with the study 
of the other end of the energy homeostasis spectrum, anorexia, noting that "extreme 
diets leading to anorexia are of equal peril as those leading to obesity" (9). He recog- 
nized that a state of starvation was just as dangerous as obesity itself and that weight loss 
should not be attempted by total caloric restriction. Hippocrates suggested that 

Obese people and those desiring to lose weight should perform hard work before 
food. Meals should be taken after exertion and while still panting from fatigue and 
with no other refreshment before meals except only wine, diluted and slightly cold. 
Their meals should be prepared with a sesame or seasoning and other similar sub- 
stances and be of a fatty natures as people get thus, satiated with little food. They 
should, moreover, eat only once a day and take no baths and sleep on a hard bed and 
walk naked as long as possible. (10) 

In addition to diet and lifestyle modification, the first operations dedicated to weight 
reduction date back to this point in history. Essentially, these were crude methods of 
tissue removal whereby anesthesia would be achieved through the administration of 
"sleeping potions," followed by the removal of large quantities of adipose tissue from 
the body (11). 

Galen, a highly regarded Greek physician of the Roman times, went as far as to 
characterize obesity as "moderate" and "immoderate," the former being somewhat of a 
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variation of a normal condition, and the latter carrying with it considerable morbidity 
and mortality. 

Diabetes  

In 230 BC, Apollonius of Memphis was the first person to refer to the clinical presen- 
tation of this state as "diabetes," a Greek term literally translated as "to pass through." 
Based on the Greeks' observation of such profuse urine output, they incorrectly attrib- 
uted this disease to kidney pathology. It was only later that they went on to describe 
this clinical scenario in full. 

Aulus Cornelius Celsus made the first thorough clinical description of the disease in 
his eight-volume work entitled "De medicina." In the second century AD, the syndrome 
of diabetes mellitus was further differentiated from its polyuric equivalent, diabetes 
insipidus, by the Greek physician Aretaus of Cappadocia, who partially described its 
etiology, observing that it consisted of a series of events following acute illness, injury, 
or emotional stress. He wrote: 

Diabetes is a dreadful affliction, not very frequent among men, being a melting down 
of the flesh and limbs into urine. The patients never stop making water and the flow is 
incessant, like the opening of  aqueducts. Life is short, unpleasant and painful, thirst 
unquenchable, drinking excessive and disproportionate to the large quantity of  urine, 
for  yet more urine is passed . . . . .  I f  for  a while they abstain from drinking, their 
mouths become parched and their bodies dry; the viscera seem scorched up, the 
patients are affected by nausea, restlessness and a burning thirst, and within a short 
time they expire. (12) 

T H E  SCIENTIFIC ERA (AD 1500 T O  PRESENT) 

The Scientific Era was essentially built on the time-honored principles of 
Hippocrates, a historic figure considered to be the founding father of modern medicine. 
By abandoning the spiritual approach to sickness and following his example of 
evidence-based medicine through the application of scientific principles, men contin- 
ued to make great headway not only regarding science but in the field of medicine as a 
whole. Later, tools such as the mechanical watch and the magnifying glass, along with 
the invention of movable type and printing by Steven Guttenberg, allowed physicians 
and scientists to gage their theories more effectively and communicate them more effi- 
ciently to others. Out of this interaction grew the method of experimentation and hypoth- 
esis falsification that provides the theoretical framework of the Scientific Era (13). 

Obesity 

The Scientific Era marked the onset of the partitioning of medicine into its respec- 
tive scientific disciplines. Andreas Vesalius published the first modern atlas of human 
anatomy in 1543, allowing others, including Nicholas Bonetus, to follow in his foot- 
steps. The latter was the first man to perform dissections on obese individuals describ- 
ing the presence of enormous amounts of fat (14). The birth of histology enabled 
Theodor Schwann and his colleague Matthias Schleiden to develop the cell theory in 
1839. The physicians David L. Hoggan and William Hassal recognized shortly there- 
after that similar to other cells in the body, the fat cell was the basic unit responsible for 
altered body composition and that obesity was associated with the presence of a large 
amount of these fat cells (15,16). 
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Subsequently, the development of physiology made possible the application of 
Gallileo's principle "Measure what can be measured, and make measurable what cannot 
be measured" to the problem of obesity (reviewed in ref. 4). Santorio created the weighing 
scale in 1614, allowing physicians to appreciate the extent of obesity by accurately meas- 
uring body weight and using it as a longitudinal marker of improvement or deterioration. 

The understanding of obesity was further significantly impacted by the physiological 
studies of the gastrointestinal (GI) tract and digestion. In 1752, Rene Reamur isolated 
gastric juice from a bird and demonstrated its digestive effect on food, a finding that 
was later confirmed by Lazzaro Spallanzani. Francois Magendie and his student Claude 
Bernard discovered the central role of the pancreas in this mechanism and thus further 
clarified the digestive process (reviewed in ref. 7). 

The contribution of chemistry to the study of obesity was made possible by the 
efforts of Lavoiser in the eighteenth century, which served as the basis for the laws of 
the conservation of mass and energy. These principles, along with Max Rubner's con- 
ception of the law of surface area, paved the way for the creation of the first human 
calorimeter by Atwater and Rosa in 1896. These measurements of EE and overall meta- 
bolic rate would later have an important impact on the study of obesity. 

Diabetes 

The beginning of the Scientific Era proved to be an important period in the study of 
diabetes as well. It was Aureolus Theophrastus Bombast von Hohenheim, best known 
as Paracelsus, who first observed that diabetic urine formed a white residue on evapo- 
ration. Although the content of the urine was initially incorrectly attributed to salt accu- 
mulation, this observation proved to be on the right path in terms of uncovering the 
presence of a dissolved substance in this disease. Initially, it was believed that salty 
urine residues were related to similar depositions in the kidneys that were in turn 
responsible for the perceived thirst in subjects with this affliction, polyuria being the 
end result of this phenomenon (17). In 1674, the English anatomist and physician 
Thomas Willis published his scientific work in the area of pharmacology in Oxford 
entitled Pharmaceutice rationalis. Within this text he described the sweet taste of dia- 
betic urine. Willis acknowledged that diabetes had been rare in classical times 

but in our age, given to good fellowship and gusling down chiefly of  unalloyed wine, 
we meet with examples and instances enough, I may say daily, of  this d i s e a s e . . .  
wherefore the urine of the sick is wonderfully sweet, or hath an honied taste . . . .  As 
to what belongs the cure, it seems a most hard thing in this disease to draw proposi- 
tions for curing, for that its cause lies so deeply hid, and hath its origin so deep and 
remote. (18) 

Thomas Sydenham later hypothesized that diabetes arose from an error in metabo- 
lism and was the first to challenge previous opinions of kidney deposits as a probable 
cause. Matthew Dobson, a British physiologist working out of Liverpool, would later 
publish a more concrete description of his predecessors' theories identifying the syrupy 
substance in urine to be sugar and concluding that it circulated in the bloodstream, 
rather than was formed directly by the kidney, thus establishing the concept of hyper- 
glycemia. Shortly thereafter, Dr. John Rollo became the first physician to attribute the 
amount of glycosuria to the foods that one ate. He was also among the first doctors to 
address this condition as diabetes mellitus (the latter word coming from the Greek, 
meaning honey) in order to distinguish it from other diseases that exhibited copious 
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urine output devoid of sugar, such as diabetes insipidus (as cited in ref. 7). Finally, 
toward the end of the eighteenth century, it was Thomas Cawley who discovered a link 
between pancreatic injury and diabetes. On postmortem examination, he noticed tissue 
damage and calculus formation of the pancreas in patients who had died of this disease 
(19). At that time, Cawley could not be certain if these findings were the cause of dia- 
betes or a pathological feature of the disease itself. It would take nearly an additional 
century for the pancreas's role in diabetes to become clearly established. 

T W O  CENTURIES OF RAPID DEVELOPMENT:  
T H E  PATH TOWARD A T R E A T M E N T  

Treatment of Diabetes 
It may not be an exaggeration to suggest that the science and practice of medicine 

gained more during the nineteenth century than in all of the previous centuries com- 
bined. With Von Fehling's development of a method to measure glucose in urine, the 
latter became one of the diagnostic criteria of diabetes (20). In addition, the famous 
French physiologist Claude Bernard discovered the storage of carbohydrates in the 
liver as glycogen and the technique of pancreatic ligation, a procedure that would 
later be used to isolate the active substance of this gland (insulin) and prove that it 
is responsible for carbohydrate metabolism. He was also able to attribute the role of 
glucose control not only to the pancreas itself but to the central nervous system 
(CNS) as well. By stimulating the motor nuclei of the vagal nerve with the use of a 
needle, Bernard demonstrated a transient induction of hyperglycemia and glycosuria 
in rabbits (21). 

Paul Langerhans, a doctoral student working in Berlin, would bring science one step 
closer to the localization of the pancreatic product responsible for glucose regulation. 
In 1869, he recognized a clear demarcation between collections of cells from the rest of 
the gland (22). His discovery would later lead Edouard Laguesse, in 1893, to suggest 
the endocrine nature of this heap of cells, which he named "the islets of Langerhans," 
in recognition of his predecessor's discovery. 

That same year, Edouard Hedon would prove the physiological importance of these 
islets by demonstrating that incomplete pancreatectomy failed to produce the symp- 
toms of diabetes. Following total pancreatic extraction, the ensuing polyuric and poly- 
dipsic symptoms were interpreted as strengthening the evidence that the absence of a 
discrete component of the gland (now known to be the islets) was responsible for the 
development of diabetes. 

Treatment o f  Obesity 

Much like in the case of diabetes, great progress continued to be made regarding 
obesity. The ability of biochemical studies to illustrate the basic building blocks of our 
bodies coupled with the understanding of energy intake and EE still, to this day, serve 
as the basis of the etiology, prevention, and treatment of obesity. 

As mentioned previously, several recommendations had been repeatedly made 
throughout history having the common notion that food restriction and physical activ- 
ity were the key to a leaner body. For example, in 1825, Brillat-Savarin attributed obesity 
to both the inclinations and eating habits of an individual: "[A] double cause of obesity 
results from too much sleep combined with too little exercise . . . .  The final cause of 
obesity is excess, whether in eating or drinking" (23). 



History of Obesity and Diabetes 9 

In addition to "natural" methods of therapy, the development of pharmacology advo- 
cated a chemical approach to this problem. The thyroid gland was recognized to have a 
catabolic effect in the scheme of metabolism and thyroid extracts were thus used to 
"melt away the fat" (24). 

Further application of drugs in the treatment of obesity followed the discovery of the 
slimming effects of aniline dyes. It was recognized that workers in chemical factories 
who came in contact with these substances on a daily basis experienced significant 
weight loss (25). The use of these medications was later discouraged, however, follow- 
ing the realization of inherent side effects such as cataracts and neuropathy (25). In the 
1930s, the weight-reducing effects of amphetamines were identified during their use in 
the treatment of narcolepsy (26). Thus, they became another class of drugs advocated 
for the management of obesity, but their popularity quickly faded owing to their addic- 
tive properties. 

Consequently, in the beginning of the twentieth century, the potential neural etiology 
of obesity attracted the interest of several scientists. Physicians such as Joseph Frangois 
Felix Babinski and Alfred Frohlich noted a link between the development of obesity 
and basal brain tumors. According to the specific location affected, increased or 
decreased appetite was noted, which eventually led to Stellar's hypothalamic dual cen- 
ter hypothesis in 1954 (27). This theory established the ventromedial hypothalamus as 
the satiety center, with lesions in this location resulting in the development of obesity, 
whereas the lateral hypothalamus was proposed to be the antagonistic hunger center, 
which was responsible for weight loss in the presence of a structural abnormality (27). 

Unable to attribute the cause of obesity to hypothalamic lesions in the vast majority 
of subjects, however, physicians turned their attention toward CNS function including 
the autonomic nervous system. In 1979, Bray and York (28) postulated the autonomic 
hypothesis, which attributed the development of this disease to an imbalance of sympa- 
thetic and parasympathetic activity. They suggested that in the presence of ventrome- 
dial hypothalamic lesions, the vagal response to feeding was greatly exaggerated, leading 
to hyperinsulinemia. The anabolic effects of insulin coupled with a lack of lipolysis and 
thermogenesis owing to suppressed sympathetic activity was thought to be a key deter- 
minant of weight gain (28). These findings have been central to the development of 
ideas that were later translated into the discovery of drugs such as adrenergic- 
serotonergic reuptake inhibitors and the study of GI tract-CNS peptide interactions as 
they pertain to the development of obesity. Furthermore, these findings have directed 
physicians toward a combined neural and endocrine etiology of this disease and have 
opened the door to an exciting new field of research. 

Owing to the lack of effective and safe medications, however, surgery has continued 
to play an important role in the treatment of obesity. As mentioned previously, the pro- 
cedures employed in the days of the first obesity surgeries shared the common goal of 
contemporary surgeries--to rid the body of excess fat. These operations evolved from 
crude methods of tissue removal to more sophisticated interventions based on the phys- 
iology of the digestive process. Up until the 1970s, gastric bypass was the main proce- 
dure employed, which served to inhibit the absorption of food by diverting it to the 
large bowel, altogether "bypassing" the small intestine. These procedures were aban- 
doned because of side effects, including diarrhea, infections, and serious metabolic dis- 
turbances. The palliative and not etiological nature of this treatment approach was made 
evident by experiments creating corrective reanastomosis of the intestine, after which all 
the weight previously lost was gained once more (29). Today's surgical procedures involve 
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the reduction of the stomach's capacity to store food, thus inducing satiety after rela- 
tively smaller meals. First developed by Mason and Ito (30), these gastric reduction 
procedures are becoming the mainstay of therapy in the surgical treatment of obesity, 
providing a safe and controlled method of caloric restriction. 

RECENT DISCOVERIES THAT HAVE REVOLUTIONIZED 
T H E  APPROACH TO DIABETES AND OBESITY 

The third decade of the 20th century would mark investigators' triumphs in finally 
isolating insulin, an accomplishment that stands unequivocally as one of the greatest 
milestones in the history of diabetes. Through techniques developed by physicians such 
as Claude Bernard and Oskar Minkowski, Frederick Grant Banting and Charles H. Best 
used the pancreatic duct ligation procedure to successfully isolate insulin for its use in 
the treatment of diabetes. 

Banting, having studied previous publications of a pancreatic product as a viable 
treatment method for diabetes, gained interest in this disease. After communicating his 
aspirations to J. J. R. Macleod, a physiology professor at the University of Toronto, 
Macleod was enticed to provide Banting with a designated facility to carry out his 
work; research subjects; and a student helper, Charles H. Best, who was awarded this 
great honor following the victory of a coin toss over another willing student. James B. 
Collip, a prominent biochemist, would later join their group to assist in the extraction 
and purification of insulin. 

Nearly 6 mo later, on January 11, 1922, the final product of their extensive labor was 
put to trial on Leonard Thompson, a 14-yr-old patient with diabetes in Toronto General 
Hospital. Their first attempt proved disappointing: the boy's symptoms not only failed 
to abate but were further exacerbated by abscesses formed at the sites of injection. 
Following the administration of a second, more purified injection 12 d later, however, the 
team made history with the resolution of the boy's symptoms, dissolution of ketonuria, 
and initiation of weight gain. They named the therapeutic substance "isletin," which they 
later changed to "insulin" (31). 

In recognition of their achievements Macleod and Banting were awarded the Nobel 
Prize in 1923 for the discovery of insulin. Rightfully so, Macleod and Banting shared the 
award with Best and Collip, acknowledging their contributions to this breakthrough (17). 

Later, the development of more sensitive techniques for the quantification of physio- 
logically important substances in biological fluids revolutionized research of not only 
diabetes, but also endocrinology as a whole. More specifically, in 1959, Rosalyn Yalow 
and her colleague Salomon A. Berson formulated a concept that, although in essence 
relatively simple, was at that time considered iconoclastic. They speculated that anti- 
bodies against human antigens can be created and that these antibodies competing for 
available binding sites on either endogenous circulating antigens or exogenously added 
in known quantities could be used as a method of measuring the concentration of lig- 
ands of interest. This technique, now widely known as radioimmunoassay, was initially 
used to quantify insulin. The results of subsequent insulin measurements in samples 
from patients with diabetes clearly demonstrated for the first time that diabetic symp- 
toms were not always dependent on the absence of this hormone. Further studies would 
later lead to the classification of diabetes into two principal types: one mainly related to 
insulin deficiency, the other with insulin resistance (accompanied by hyperinsulinemia). 
Subsequent applications of the same concept in the development of enzyme-linked 
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immunosorbert assays and immunoradiometric assays have proven to be of paramount 
importance in the study of diabetes and obesity. 

R E C E N T  ADVANCES IN GENETICS CREATE A RESURGENCE 
OF INTEREST IN OBESITY AND DIABETES RESEARCH 

The intensification of research in genetics and biology in recent years made it possi- 
ble to discover several genes related to obesity and diabetes, which, in turn, resulted in 
an explosion of research in these areas. In 1992, S. J. Bultman discovered the first gene 
linked to obesity, the agouti gene, in an overweight mouse model with yellow fur (the 
yellow obese mouse) (32). We subsequently learned that the agouti gene is expressed in 
many tissues, leading to the production of a 131 amino acid long peptide called the 
agouti-related peptide (32), which blocks the action of ~-melanocyte-stimulating hor- 
mone at the level of the melanocortin receptor, thus leading to both yellow fur and 
hyperphagiaJobesity (32). 

The second gene identified in association with obesity was the ob gene, which was 
discovered in 1994 by Zhang et al. (33), who utilized the technique of positional cloning 
of the ob/ob mouse model of obesity. Genetic defects of this gene are now known to be 
responsible for the abnormal translation of the protein leptin (from the Greek leptos, 
meaning thin), whose physiological role is to communicate the availability of peripheral 
energy stores to the CNS. The deficiency of leptin (owing to the ob gene mutation) as a 
determining factor in the development of obesity was proven by weight loss observed 
following its exogenous administration in ob/ob mice (34). However, it was later real- 
ized that "garden variety" obesity in humans is a leptin-resistant and not a leptin- 
deficient state (35). 

Continued research efforts geared toward the development of medications for the 
treatment of obesity have led to the exploration of potential causes of leptin resistance 
and the discovery of proteins acting as negative regulators downstream of the leptin 
receptor (36). In addition, some of these negative regulators of leptin were identified as 
inhibitors of insulin signal transduction (37). As the molecular pathways responsible 
for energy homeostasis are mapped, extensive research efforts that could exploit these 
new discoveries are under way in attempts to treat obesity and insulin resistance as well 
as prevent the onset of diabetes (38). The scientific community is enthusiastic that in 
the near future these research efforts will lead to the discovery of new pharmaceutical 
agents that will eventually offer tangible benefits to the enlarging segment of society 
that strives to decrease body weight and control associated comorbidities. 

The discovery of leptin has essentially revived a new field of research. Moreover, it 
soon altered researchers' perception of adipose tissue from that of an inactive storage 
depot of energy to that of an active endocrine organ. Furthermore, it changed the per- 
ception of obesity from that of a condition related to lack of "willpower" to that of a 
biological problem with strong genetic and environmental determinants. These findings 
are currently leading physicians to take a multifaceted approach to the problem of obe- 
sity, giving increasing importance to the genetic and neuroendocrine aspects of the dis- 
ease in addition to evaluating and modifying diet and lifestyle habits. 

C O N C L U S I O N S  

The incidence of obesity and diabetes is becoming increasingly prevalent at an 
alarming rate as the world embraces a Westernized lifestyle. Never before has there 
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been a greater need to spread awareness of  the risk factors associated with these dis- 
eases and to coordinate medical progress with cultural modification. Through the con- 
tinuous exploration of  the biological mechanisms underlying these illnesses, 
researchers can hope to offer, in the near future, new treatment and prevention strate- 
gies for these prevalent disease states. 
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I N T R O D U C T I O N  

Overweight and obesity have reached epidemic proportions globally along with an 
adoption of a westernized lifestyle characterized by a combination of excessive food 
intake and inadequate physical activity. In the United States, the prevalence of obesity 
doubled during the past two decades, and currently 30% of the US adult population is 
classified as obese. An additional 35% of US adults are overweight but not obese. 
Children and adolescents are not immune to the epidemic. Among US children and 
adolescents, 16% are overweight and an additional 15% are at risk of overweight. 

The dramatic rise in the prevalence of obesity and changes in lifestyle-related factors 
such as a reduction in physical activity have been accompanied by alarming increases 
in the incidence and prevalence of type 2 diabetes. It has been estimated that the total 
number of adults with diabetes (mainly type 2 diabetes) will approximately double 
between 2000 and 2030, from 171 million to 366 million (1). The epidemic proportions 
of the disease are particularly noticeable in indigenous populations that have undergone 
rapid acculturation from their traditional lifestyles. 

Considering the tremendous economic and human costs associated with obesity and 
diabetes, public health intervention programs aiming at preventing these two diseases 
are urgently needed. 
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Fig. 1. Time trends in prevalence (%) of obesity (body mass index > 30.0 kg/m 2) in adults (ages 
20-74 yr) in the United States, 1960-2002. The data are from NHES I (1960-1962) and NHANES 
(1971-1974, 1976-1980, 1988-1994, 1999-2002)(3,4). 

This chapter presents the prevalence, secular trends, and geographic distribution of 
overweight, obesity, and diabetes in adults, children, and adolescents in the Unites 
States and in other developed countries as well as in developing countries. In addition, 
it briefly summarizes the epidemiological literature on obesity, weight gain, weight 
loss, and physical activity in relation to the risk of developing diabetes. 

PREVALENCE AND TRENDS OF OBESITY IN ADULTS 

Overweight in adults has been defined as a body mass index ([BMI]; the weight in 
kilograms divided by the square of height in meters) of 25.0-29.9 kg/m 2 and obesity as a 
BMI of 30.0 kg/m 2 or higher, in accordance with World Health Organization (WHO) rec- 
ommendations (2). Even though the same classifications for overweight and obesity have 
been used in the studies summarized here, these studies may not be directly comparable 
because of differences in methods (measured or self-reported weights and heights) and 
periods of data collection (secular trends). Other issues include representativeness of 
samples (limited geographic area or national, urban, or rural), sample size, age, and sex. 

United States, Canada, and Latin America 
Estimates of the prevalence and time trends of obesity in the United States are based 

on data from the National Health and Nutrition Examination Survey (NHANES), which 
includes nationally representative samples of the US civilian noninstitutionalized pop- 
ulation. The surveys include the first National Health Examination Survey (NHES I); 
the first, second, and third NHANES surveys; and a continuous survey that began in 
1999 (3,4). Height and weight were measured in a mobile examination center using 
standardized techniques and equipment. As shown in Fig. 1, the prevalence of obesity 
among adults ages 20-76 yr was relatively constant from 1960 to 1980, then increased 
steeply. Comparison of the period 1976-1980 with 1999-2002, reveals that the preva- 
lence of overweight (BMI _> 25 kg/m 2) increased by about 40% (from 47 to 65%) and 
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Fig. 2. Time trends in prevalence (%) of obesity (body mass index > 30.0 kg/m 2) in adults (ages 
20-64 yr) in Canada, 1970-1998. The data are from Nutrition Canada Survey (1970-1972), Canada 
Health Survey (1978-1979), Canada Heart Health Surveys (1986-1992), and National Population 
Health Survey (1998) (5). 

the prevalence of obesity (BMI > 30 kg/m 2) rose by 100% (from 15 to 30%). Regarding 
extreme obesity (BMI > 40 kg/m2), the prevalence rose from 3% in 1988-1994 to 5% 
in 1999-2002. The increases in overweight and obesity have occurred in all age and 
racial/ethnic groups. In 1999-2002, the highest prevalence of overweight and obesity 
was found among non-Hispanic black women (77%). 

The prevalence of obesity in Canada is lower than in the United States, but it appears 
to increase over time. Data from national surveys in Canada (5) showed that between 
1970-1972 and 1998, the prevalence of obesity in adults (ages 20-64 yr) increased 
from about 8 to 15% in men and from 12 to 14% in women (Fig. 2). 

Three national surveys were conducted in the two most populated Brazilian regions 
in 1975, 1989, and 1997 (6). Between 1975 and 1997, the prevalence of obesity among 
adults over 20 yr of age increased from 2.4 to 6.9% in men and from 7.0 to 12.5% in 
women (Fig. 3). The most recent trend, from 1989 to 1997, indicated that the increases 
in obesity prevalence were more intense in men than in women, in rural than in urban 
settings, and in poorer than in richer families, There was a reduction in the prevalence 
of obesity among upper-income urban women (12.8-9.2%). 

Fernald et al. (7) assessed the prevalence of overweight and obesity among the rural 
poor in Mexico in comparison with a national sample using data from two national sur- 
veys in Mexico. The first survey was conducted in 2000 in about 45,000 adults and was 
based on a nationally representative sample of the Mexican noninstitutionalized popula- 
tion. The second survey was conducted in 2003 in about 13,000 adults and was designed 
to be representative of the poorest rural communities in seven Mexican states. In both sur- 
veys, height and weight were measured using standardized techniques. In the nationally 
representative sample, the prevalence of overweight and obesity was 40.8 and 20.4%, 
respectively, in men. The corresponding figures in women were 36.5 and 30.2%, respec- 
tively. In the 2003 sample from low-income rural regions of Mexico, the prevalence of 
overweight and obesity was 38.9 and 13.6% in men, and 36.8 and 22.2% in women. 
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Fig. 3. Time trends in prevalence (%) of obesity (body mass index > 30.0 kg/m 2) in adults (ages 25-64 yr) 
in Brazil, 1975-1997. The data are from national household surveys in northeast and southeast Brazil (6). 

Europe 
The Monitoring Trends and Determinants in Cardiovascular Disease (MONICA) 

Project includes a series of cross-sectional surveys in 26 countries, mostly in Europe 
(8). In each survey a random sample of at least 200 persons ages 35-64 yr was selected. 
Standardized methods were applied for anthropometric measurements. Table 1 shows 
the age-standardized prevalence of obesity in the European countries included in the 
MONICA Project. Overall, the prevalence of obesity increased in most European pop- 
ulations over the 10-yr study period. In the last survey (in the early 1990s), the preva- 
lence of obesity in the populations varied from approx 15 to 25% in men and 10 to 35% 
in women, with the highest prevalence in men and women from Eastern Europe. Among 
women, there was a significant inverse association between educational level and BMI 
in virtually all 26 countries; the difference in mean BMI between the highest and low- 
est educational tertiles ranged from -3.3 to -0.6 kg/m 2 in the 1990s. Among men, the 
association between BMI and educational level was positive in some Eastern and 
Central European populations and in China and also in populations with a low preva- 
lence of obesity. By contrast, there was an inverse association between BMI and educa- 
tional level in populations with a high prevalence of obesity. 

Table 2 provides other national survey data from European populations. In Finland, 
the proportion of obese men doubled between 1972 and 1997 (9), whereas the preva- 
lence of obesity in women remained constant over the 25-yr period. The most recent 
data show that about 20% of men and women in Finland are obese (9). Between the 
1980s and 1990s, considerable increases in the prevalence of obesity have occurred in 
both men and women in Norway (10), the Netherlands (11), Sweden (12), and the 
United Kingdom (13) and in men in France (14). 

Africa 
Using data from nationally representative surveys conducted in the 1990s, the over- 

all proportion of obese women (ages 15--49 yr) in sub-Saharan Africa was estimated to 
be 2.5%, ranging from 1.0% in Burkina Faso to 7.1% in Namibia (15). The proportion of 
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Table 1 
Prevalence of Obesity (BMI _> 30.0 kg/m2)in MONICA Populations 

Ages 35-64 yr in Early 1980s and Early 1990s a 

Area 

Men (%) Women (%) 

Country, center 1980s 1990s  1980s  1990s 

Northern Europe 

Western Europe 

Eastern Europe 

Southern Europe 

Denmark, Glostrup 
Finland, Kuopio Province 
Finland, North Karelia 
Finland, Turku-Loimaa 
Iceland, Iceland 
Sweden, Gothenburg 
Sweden, Northern Sweden 
United Kingdom, Belfast 
United Kingdom, Glasgow 
Germany, Augsburg 
Germany, Augsburg, rural 
Germany, Bremen 
Belgium, Ghent 
France, Lille 
France, Strasbourg 
France, Toulouse 
Switzerland, Ticino 
Switzerland, Vaud-Fribourg 
Russian Federation, Moscow 
Russian Federation, Novosibirsk 
Lithuania, Kaunas 
Poland, Warsaw 
Poland, Tarnobrzeg Voivodship 
Czech Republic, Czech Republic 
Spain, Catalonia 
Italy, Area Brianza 
Italy, Friuli 

11 13 10 12 
18 24 19 26 
17 23 24 24 
19 22 17 19 
11 16 11 18 
7 13 9 10 

11 14 14 14 
11 14 14 16 
11 23 16 23 
18 17 15 21 
20 24 22 23 
14 16 18 21 
11 13 15 16 
14 17 19 22 
22 22 23 19 

9 13 11 10 
20 13 15 16 
13 17 13 10 
13 8 33 22 
14 17 44 35 
22 20 45 32 
18 22 26 29 
13 15 32 36 
21 23 32 30 
9 16 24 25 

11 14 15 18 
16 17 19 19 

aAdapted from ref. 8. 

obese women was greater in urban than in rural regions (Fig. 4). Furthermore, in general, 
obesity was more frequent among women with a high educational level than among 
women with a low educational level. This is in contrast to the Western countries with a 
high prevalence of obesity, where an inverse relation between educational level and 
BMI in women has been observed. 

Asia, Western Pacific, and India 

Despite an increasing prevalence of overweight and obesity in Asia, the prevalence 
remains low (Table 3). Based on nationwide cross-sectional surveys conducted in Japan 
(16), the proportion of overweight and obese men increased from 14.5 and 0.8%, 
respectively, in the time period 1976-1980 to 20.5 and 2.0% during 1991-1995. The 
increasing trend was most apparent in the youngest age groups (20-29 yr) and in those 
from small towns. In women, the prevalence of overweight and obesity remained rela- 
tively constant over this 20-yr period, although a decreasing prevalence was noted in 
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Table 2 
Prevalence of Obesity (BMI _> 30.0 kg/m 2) in Men 

and W o m e n  in Selected European Countr ies  

Country Period Age (yr) Men (%) Women (%) Reference 

Finland 1972 25-59 10.1 19.2 9 
1977 25-59 12.3 20.6 
1982 25-59 14.9 18.7 
1987 25-59 17.7 20.6 
1992 25-59 19.9 21.3 
1997 25-59 20.7 20.1 

France 1985-1987 35-64 10 11 14 
1995-1997 35-64 13 11 

Norway 1984-1986 _>20 7.5 13.0 10 
1995-1997 >20 14.0 17.8 

The Netherlands 1976-1980 37--43 4.9 6.2 11 
1987-1991 37-43 7.4 7.6 
1993-1997 37-43 8.5 9.3 

Sweden 1980/1981 16-84 6.6 8.8 12 
1988/1989 16-84 7.3 9.1 
1996/1997 16-84 10.0 11.9 

United Kingdom 1987/1989 >16 7 12 13 
1993 >16 13 16 
1994 ->16 14 17 
1995 >16 15 17 
1996 >16 16 18 
1997 >16 17 19 
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Fig. 4. Prevalence (%) of obesity in women (ages 15-49 yr) in Africa and Midle East in 1990s by 
rural and urban area. (From ref. 15.) 
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Table 3 
Prevalence of Obesity (BMI > 30.0 kg/m 2) in Men and Women in Asia, 

Western Pacific Regions, and India 

Country Period Age (yr) Men (%) Women (%) Reference 

India 
Urban (Delhi) 
Rural (Haryana) 

China 

Japan, national surveys 

Nepal, national surveys 
Australia, national surveys 

New Zealand, national surveys 
Papua New Guinea 

Urban coastal 
Rural coastal 
Highlands 

Samoa 
Urban 

Rural 

Nauru 

1991-1995 35-64 7.1 16.4 20 
1991-1995 35-64 0.7 2.2 
1989 20-45 0.4 0.2 17 
1997 20-45 0.5 1.5 
1976-1980 ~20 0.8 2.3 16 
1981-1985 ~20 1.1 2.3 
1986-1990 ~20 1.5 2.2 
1991-1995 ~20 2.0 2.3 
1996 15-49 - 0.1 15 
1980 25-64 9.3 8.0 19 
1983 25-64 9.1 10.5 
1989 25-64 11.5 13.2 
1989 18-64 10 12 18 

1991 25-69 36 54 21 
1991 25-69 24 19 
1991 25-69 5 5 

1978 25-69 39 59 21 
1991 25-69 58 77 
1978 25-69 18 37 
1991 25-69 42 59 
1987 25-69 65 70 21 

younger women (ages 20-29 yr). Data from the China Health and Nutrition survey, 
showed that between 1989 and 1997, the prevalence of overweight almost doubled in 
women (from 10.3 to 19.2%) and tripled in men (from 4.6 to 13.6%) (17). Regarding 
obesity, the prevalence increased from 0.2 to 1.5% in women and from 0.4 to 0.5% in 
men over the same time period. However, there are Asian nations, such as Nepal, where 
the prevalence of obesity is very low (0.1% in women in 1997) (15). 

In Australia and New Zealand, the prevalence of obesity was 10-13% in the late 
1980s (Table 3) (18,19). Results from national surveys in Australia indicated that the 
proportion of obese persons increased over a 9-yr period, from about 8 to 9% in 1980 
to 12 to 13% in 1989 (19). Cross-sectional surveys conducted in India in 1991-1995 
(20) revealed a considerably higher prevalence of obesity in urban (7.1% in men and 
16.4% in women) than in rural (0.7 in men and 2.2% in women) regions (Table 3). 

Finally, there is a very high prevalence of obesity in Polynesian populations, with up 
to 65% of men and 80% of women being obese (21). The prevalence of obesity in 
Polynesian populations is higher in urban than in rural areas. Since the late 1980s, the 
prevalence of obesity has increased markedly in these populations (21). 

Summary  

The prevalence of obesity has markedly increased during the last few decades in the 
United States and other countries. Specifically, between the periods 1976-1980 and 
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Table 4 
International Cutoff Points for BMI for Overweight and Obesity 

by Sex Between Ages 2 and 18 yr a 

Overweight (kg/m 2) Obesity (kg/m e) 

Age (yr) Males Females Males Females 

2 18.4 18.0 20.1 19.8 
4 17.6 17.3 19.3 19.2 
6 17.6 17.3 19.8 19.7 
8 18.4 18.4 21.6 21.6 
10 19.8 19.9 24.0 24.1 
12 21.2 21.7 26.0 26.7 
14 22.6 23.3 27.6 28.6 
16 23.9 24.4 28.9 29.4 
18 25.0 25.0 30.0 30.0 

aAdapted from ref. 24. 

1999-2002, the prevalence of obesity doubled among US adults, and currently about 
one-third of the US adult population is obese (3,4). The obesity epidemic will tremen- 
dously affect public health, because obesity is strongly associated with several chronic 
diseases, including cardiovascular disease, type 2 diabetes, and certain cancers. Because 
these conditions can be costly to treat, obesity clearly has a considerable economic 
impact. Obesity-related morbidity has been estimated to account for 5.5-7.8% of total 
health-care expenditures in the United States (22). 

PREVALENCE AND T R E N D S  OF OBESITY 
IN C H I L D R E N  AND ADOLESCENTS 

Currently, there is a lack of agreement concerning the definitions for overweight and 
obesity in children and adolescents, which makes comparisons of prevalence across coun- 
tries difficult. In the United States, the 85th and 95th percentiles of BMI for age and sex 
based on nationally representative survey data have been recommended as cutoff points 
to identify overweight and obesity (23). The European Childhood Obesity Group of the 
International Obesity Task Force (IOTF) (24) has proposed an international reference, 
age- and sex-specific BMI cutoff points, to define childhood and adolescent overweight 
and obesity. The IOTF reference was developed based on data from measured children 
and adolescents, ages 6-18 yr, across six heterogeneous nations: Brazil, Great Britain, 
Hong Kong, the Netherlands, Singapore, and the United States. The IOTF definitions of 
overweight and obesity presented in Table 4 are based on age- and sex-specific BMI 
cutoff points corresponding to a BMI of 25 and 30 kg/m 2, respectively, at age 18 (24). 

United States and Canada 
Six nationally representative examination surveys on the prevalence of overweight 

among children and adolescents have been conducted in the United States between the 
1960s and 1999-2002: NHES 2 and 3; NHANES I, II, and III; and the continuous 
NHANES (4,25,26). The same standardized measurements have been used in all surveys, 
thus allowing a unique and comprehensive examination of the changes in overweight 
status. The 2000 Centers for Disease Control and Prevention growth charts for the 
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Fig. 5. Time trends in prevalence (%) of overweight (body mass index for age at 95th percentile or 
greater) in children and adolescents in national surveys in United States, 1963-2000. tData for 
1963-1965 are for children 6-11 yr of age; data for 1966-1970 are for adolescents 12-17 yr of age, 
not 12-19. The data are from NHES 2 (1960-1965), NHES 3 (1966-1970), and NHANES 
(1971-1974, 1976-1980, 1988-1994, 1999-2002)(4,25,26). 

United States were used to define overweight and at risk for overweight among chil- 
dren (23). The BMI-for-age growth charts were developed from five of those six 
national surveys (NHES 2 and 3, NHANES I and II, and NHANES III for children 
younger than 6 yr of age). At risk for overweight was defined as a BMI at or above the 
85th percentile but less than the 95th percentile of the sex-specific BMI, as defined by 
the growth chart. Overweight was defined as at or above the 95th percentile of the sex- 
specific BMI-for-age growth chart. Between the 1960s and 1999-2002, the prevalence 
of overweight among 6- through 11-yr-old children increased from 4.2 to 15.8% (Fig. 
5). During this same period, the corresponding prevalence among 12- through 19-yr-old 
children increased from 4.6 to 16.1%. Among children 2 through 5 yr old, a doubling in 
the prevalence of overweight was noted between 1971-1974 and 1999-2002 (from 5.0 
to 10.3%). The most recent data (1999-2002) further show that another 15% of children 
and teens ages 6-19 yr and 12% of children ages 2-5 yr are considered at risk of becom- 
ing overweight. 

The prevalence of overweight in children and adolescents in Canada has also been 
dramatically increasing. Willms et al. (27) assessed the prevalence of overweight and 
obesity among Canadian boys and girls ages 7-13 yr. Overweight and obesity were 
defined according to the reference proposed by the IOTF (24). The results revealed that 
over a 15-yr period the proportion of overweight Canadian children increased almost 
threefold, from 11.4% in 1981 to 29.3% in 1996. The prevalence of overweight was 
highest in children and adolescents with low socioeconomic status. 

Europe 
Lissau et al. (28) summarized the prevalence of overweight among adolescents in 13 

European countries and the United States using data from nationally (or regionally for 
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Fig. 6. Prevalence of overweight (body mass index at or above 95th percentile) in (A) in boys and (B) 
girls in 13 European countries and United States in 1997-1998. (From ref. 28.) 

Flemish Belgium and France) representative, cross-sectional 1997-1998 school-year 
surveys that used identical data collection methods. At least 1540 adolescents were 
included from each country. Data for BMI were based on self-reported weights and 
heights; these data were also used to create a reference curve (based on all 29,242 ado- 
lescents) to establish cutoff points for BMI at or above the 95th centile, defined as 
overweight. The prevalence of overweight was highest in the United States, Ireland, 
Greece, and Portugal, and lowest in Lithuania (Fig. 6). 
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Fig. 7. Global and regional prevalence of overweight in preschool children (under 5 yr of age) in 
developing countries in 1995. (From ref. 29.) 

Developing Countries 
de Onis and B16ssner (29) estimated the prevalence and trends of overweight among 

preschool children in developing countries by using data obtained from 160 nationally 
representative cross-sectional surveys (in 94 countries) included in WHO's global data- 
base on child growth and malnutrition (Geneva). The data were analyzed in a standard- 
ized way to allow comparisons across countries and over time. Estimates were obtained 
only for regions in which the proportion of children covered by the surveys was more 
than 70%. Overweight was defined as a weight-for-height two standard deviations (SDs) 
above the international reference median value of the National Center for Health 
Statistics, as recommended by WHO (30). Figure 7 presents the regional and global esti- 
mates of the prevalence of overweight children under 5 yr of age. The overall prevalence 
of overweight in children in this age group in developing countries in 1995 was esti- 
mated to be 3.3%. The highest prevalence was found in Latin America and the Caribbean 
(4.4%), followed by Africa (3.9%) and Asia (2.9%). The countries with the highest per- 
centage of overweight children were in the Middle East (Quatar), North Africa (Algeria, 
Egypt, and Morocco), and Latin America and the Caribbean (Argentina, Chile, Bolivia, 
Peru, Uruguay, Costa Rica, and Jamaica). Other countries with a high prevalence of 
overweight were Armenia, Kiribati, Malawi, South Africa, and Uzbekistan. Of 38 coun- 
tries for which trend data were available, 16 showed a rising trend, 8 showed a falling 
trend, and 14 showed no apparent change in the prevalence of overweight. 

Other Survey Data 
Wang et al. (31) summarized the trends of overweight in older children and adoles- 

cents ages 6-18 yr from four countries. They used nationally representative data from 
the United States (1971-1974 and 1988-1994), Russia (1992 and 1998), and Brazil 
(1975 and 1997) and nationwide survey data from China (1991 and 1997). Overweight 
was defined according to age- and sex-specific cutoff points recommended by IOTF 
(24). The overweight prevalence increased during the study periods in the United States 
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Table 5 
Time Trends in Prevalence of Overweight in Children and Adolescents in United States, Brazil, 

China, and Russia According to Age, Sex, and Urban or Rural Residence a 

United States Brazil China Russia 

Overweight b 1971-1974 1988-1994 1974 1997 1991 1997 1992 1998 

All 15.4 25.6 4.1 13.9 6.4 7.7 15.6 9.0 
Children 6-9 yr 11.8 22.0 4.9 17.4 10.5 11.3 26.4 10.2 
Adolescents 16.8 27.3 3.7 12.6 4.5 6.2 11.5 8.5 

10-18 yr 
Males 14.5 25.0 2.9 13.1 6.3 8.4 15.5 9.6 
Females 16.3 26.3 5.3 14.8 6.5 7.0 15.8 8.3 
Rural 16.6 26.6 3.1 8.4 5.9 6.4 17.7 11.2 
Urban 14.7 24.6 4.9 18.4 7.7 12.4 14.7 8.1 

aAdapted from ref. 31. 
bOverweight was defined as the Combined prevalence of overweight and obesity. It was calculated 

using IOTF standards, which were age- and sex-specific BMI cutoff points corresponding to a BMI of 25 
at age 25 yr (24). 

(from 15.4 to 25.6%), Brazil (from 4.1 to 13.9%), and China (from 6.4 to 7.7%), but 
decreased in Russia (from 15.6 to 9.0%) (Table 5). The annual rates of increase in the 
prevalence of overweight were 0.6% in the United States, 0.5% in Brazil, and 0.2% in 
China. In Russia, the overweight prevalence decreased annually by 1.1%. The propor- 
tion of overweight children and adolescents in Brazil and China was higher in urban 
than in rural areas (Table 4). 

Summary 
The past three decades have seen an explosive increase in the number of overweight 

children in most countries of the world. Overweight and obesity in adolescence are 
strong determinants of obesity and related morbidity and mortality in adulthood, with 
50-80% of obese adolescents becoming obese as adults (32,33). Therefore, from a pub- 
lic health perspective, it is of great importance to reach children and adolescents through 
preventive programs addressing issues of physical inactivity and dietary practices. 

PREVALENCE AND TRENDS OF TYPE 2 DIABETES IN ADULTS 

United States 

In the United States, the most complete information on the prevalence of type 2 dia- 
betes has been obtained from NHANES II, NHANES III, and continuous NHANES. 
These surveys have provided estimates of the prevalence and time trends for both diag- 
nosed and undiagnosed diabetes, impaired fasting glucose, and impaired glucose toler- 
ance from representative samples of the US population. According to American 
Diabetes Association diagnostic criteria (34), the prevalence of diagnosed and undiag- 
nosed diabetes in US adults ages 40-74 yr increased by 38% between 1976-1980 and 
1988-1994 (from 8.9 to 12.3%) (35). During the same period, the prevalence of 
impaired fasting glucose increased by 49% (from 6.5 to 9.7%). Based on the most 
recent data from NHANES, the estimated age- and sex-adjusted prevalence of diabetes 
(diagnosed and undiagnosed) in the total population of adults ages 20 yr and over was 
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Fig. 8. Prevalence of diagnosed type 2 diabetes, impaired fasting glucose, and undiagnosed diabetes in 
adults ages 20 yr or over in the United States, 1999-2000. The data are from NHANES 1999-2000 (36). 

8.6% in 1999-2000 (36). An additional 6.1% of adults had impaired fasting glucose, 
increasing to 14.6% for adults ages 60 yr and older. Overall, in 1999-2000, an estimated 
14.5% of US adults 20 yr and over and 33.9% of those 60 yr and over had either diabetes 
or impaired fasting glucose (Fig. 8). The prevalence of diabetes and impaired fasting glu- 
cose was higher among non-Hispanic blacks (21.1% among those 20 yr and over) and 
Mexican Americans (18.8%) than among non-Hispanic whites (13.1%). The NHANES 
surveys observed that the proportion of undiagnosed diabetes represented approximately 
one-third of total diabetes and that this fraction has changed little over time. 

Globally 
Wild et al. (1) estimated the global prevalence of diabetes and the number of adults 

(ages 20 yr and over) with diabetes for the years 2000 and 2030. Estimates for the 
prevalence of diabetes by age and sex were derived from a limited number of countries 
and extrapolated to all 191 WHO member states and applied to United Nations popula- 
tion estimates for 2000 and 2030. Because most data sources did not distinguish 
between type 1 and type 2 diabetes, the total prevalence of diabetes was estimated. It 
was estimated that the prevalence of diabetes worldwide will increase by 39%, from 
4.6% in 2000 to 6.4% in 2030 (Fig. 9). The prevalence is higher in developed countries 
than in developing countries, but the greatest relative increase in the prevalence of dia- 
betes will occur in the developing countries in which the prevalence of diabetes is esti- 
mated to rise by 46% (from 4.1 to 6.0%). In developed countries, the prevalence is 
estimated to increase by 33% (from 6.3 to 8.4%). The total number of adults ages 20 yr 
and over with diabetes is projected to approximately double between 2000 and 2030 
(from 171 million to 366 million). Overall, the prevalence of diabetes is higher in men 
than in women. However, more women than men have diabetes, which is most likely 
explained by the combined effect of a higher number of elderly women than men in 
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Fig. 9. Estimated prevalence (%) of type 2 diabetes in adults ages 20 yr or over in developed and 
developing countries and globally in years 2000 and 2030. (From ref. 1.) 

Table 6 
Top 10 Countries Globally With Highest Estimated Number 

of Aduhs Ages 20 yr and Over With Diabetes in 2000 and 2030 a 

Rank Country 

2000 Prediction for 2030 

Adults with Adults with Adults with Adults with 
diabetes diabetes diabetes diabetes 

(millions) (%) Rank Country (millions) (%) 

1 India 31.6 5.5 1 India 79.3 8.0 
2 China 20.7 2.4 2 China 42.2 3.7 
3 United States 17.6 8.8 3 United States 30.2 11.2 
4 Indonesia 8.4 6.7 4 Indonesia 21.2 10.6 
5 Japan 6.8 6.7 8 Japan 8.9 8.8 
6 Pakistan 5.2 7.7 5 Pakistan 13.8 8.7 
7 Russian 4.6 4.2 9 Philippines 7.8 10.2 

Federation 
8 Brazil 4.5 4.3 6 Brazil 11.3 7.0 
9 Italy 4.2 9.2 10 Egypt 6.7 9.7 
10 Bangladesh 3.2 4.6 7 Bangladesh 11.1 7.7 

aAdapted from ref. 1. 

most populations and the increasing prevalence of diabetes with age. In developing 
countries, most adults with diabetes are in the age range of 45-65 yr, whereas in devel- 
oped countries, most adults with diabetes are 65 years and above. For both 2000 and 
2030, the country with the highest estimated number of adults with diabetes is India, 
followed by China, the United States, and Indonesia (Table 6). 

Summary 

The number of persons with diabetes is reaching epidemic proportions. From 2000 
to 2030, the worldwide prevalence of diabetes in adults is projected to rise by 39%. The 
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largest proportional and absolute increase will occur in developing countries, where the 
prevalence will rise from 4.1 to 6.0%. In India, China, and Indonesia, the adult diabetic 
population is estimated to more than double by 2030. In the United States, 14.5% of 
adults currently have diabetes (diagnosed or undiagnosed) or impaired fasting glucose. 

PREVALENCE AND T R E N D S  OF TYPE 2 DIABETES 
IN C H I L D R E N  A N D  ADOLESCENTS 

Previously, type 2 diabetes was mainly a disease of the middle-aged and elderly. In 
recent decades, however, the age at onset of type 2 diabetes has decreased, and this 
type of diabetes has now been reported even in children and adolescents in many pop- 
ulations. Type 2 diabetes has been reported in children from a number of countries, 
including the United States, Canada, the United Kingdom, Australia, Japan, Taiwan, 
and India (37). National population data on the prevalence of type 2 diabetes remain 
limited and are unavailable for many countries. Therefore, the precise burden of type 2 
diabetes in children is still unknown. However, given the rising prevalence of over- 
weight in children, the problem is likely to be substantial. 

The largest study on diabetes in children is from Japan, with about 7 million chil- 
dren studied between 1976 and 1997 (38). Over the 21-yr period, the incidence of type 
2 diabetes increased 10-fold in children ages 6-12 yr (0.2 per 100,000/yr from 1976 to 
1980 vs 2.0 per 100,000/yr from 1991 to 1995) and almost doubled among children 
13-15 yr old (7.3 vs 13.9 per 100,000/yr). However, these figures are likely to be under- 
estimated because the initial screening step of the study was a urine glucose, with blood 
testing reserved only for those with glycosuria. Currently, type 2 diabetes accounts for 
80% of all childhood diabetes in Japan. 

Data from the United States and Canada also indicate an increasing prevalence of 
diabetes in children. In Cincinnati, Ohio, the annual incidence of type 2 diabetes in 
children and adolescents 10-19 yr old increased 10-fold between 1982 and 1994 (0.7 
per 100,000 vs 7.2 per 100,000) (39). Type 2 diabetes accounted for 16% of all new 
diagnoses of diabetes in children up to 19 yr of age and accounted for 33% of new 
cases among patients ages 10-19 yr (39). In Chicago, Illinois, the 10-yr average annual 
incidence of type 2 diabetes among African American and Latino children and adoles- 
cents (ages 0-17 yr) increased by 9% per year from 1985 (40). Among the Cree-Ojibway 
aboriginals in Canada, diabetes and impaired fasting glucose were observed in 1 and 
3%, respectively, of children and adolescents ages 4-19 yr (41); impaired glucose toler- 
ance was observed in 10% of those ages 10-19 yr (42). 

LIFESTYLE-RELATED RISK FACTORS FOR DIABETES 

Obesity and Weight Gain 
Findings from epidemiological studies have repeatedly confirmed a strong positive 

association between excess adiposity and risk of developing type 2 diabetes. Few risk 
factor-disease relationships are stronger than the link between excess adiposity and 
diabetes. Based on data from the Behavioral Risk Factors Surveillance System con- 
ducted in the United States, Mokdad et al. (43) estimated that for every kilogram incre- 
ment in self-reported body weight, the risk for diabetes increases by about 9%. Findings 
from a large cohort of US men, the Health Professionals Follow-up Study, showed a 
7.3% increased risk of diabetes for every kilogram of weight gained (44). Using data 
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Fig. 10. Relative risk of type 2 diabetes according to body mass index in Nurses' Health Study. 
(From ref. 45.) 

from a large cohort of women, the Nurses' Health Study, Hu et al. (45) found that over- 
weight or obesity was the single most important determinant of  diabetes, and it was 
estimated that approx 60% of the cases of diabetes could be attributed to overweight 
(BMI _> 25 kg/m2). Compared with women having a BMI of <23 kg/m 2, those with a 
BMI of 30-34.9 kg/m 2 had about a 20-fold and those with a BMI of 35 kg/m 2 or higher 
about a 40-fold increased risk of type 2 diabetes (Fig. 10) (45). Results from other stud- 
ies of BM! in relation to diabetes have indicated more modest associations, with 
approximately six- to eightfold increased risk of diabetes among those with a BMI of 
30 kg/m 2 or higher compared with those having a BMI <23 kg/m 2 (44) or <25 kg/m 2 
(46,47). In addition to high BMI, as a measure of overall obesity, a number of studies 
have shown that measures of central obesity, including waist-to-hip ratio and waist cir- 
cumference, are important predictors of developing type 2 diabetes (48-56). In some 
populations, central obesity has emerged as a better determinant of the development of 
type 2 diabetes than BMI (50,52-55). For example, in a population-based cohort of 
Dutch men and women (54), an increase of 1 SD of waist-to-thigh ratio was associated 
with a 42% increased risk of type 2 diabetes in men and a 92% increased risk in women, 
independent of BMI. After adjustment for the waist-to-thigh ratio, an increase of 1 SD 
of BMI was associated with a 31% increased risk of type 2 diabetes in women; BMI 
was not an independent determinant of risk in men (54). 

Weight Loss 
Evidence from epidemiological studies indicates that even moderate, sustained weight 

loss can increase insulin sensitivity, improve insulin action, and decrease the risk of 
developing type 2 diabetes. In a longitudinal study of 209 Pima Indians (57), a signifi- 
cant linear inverse relation was observed between changes in body weight and changes 
in insulin-stimulated glucose disposal in subjects with normal glucose tolerance and in 
those with impaired glucose tolerance. Improvements in insulin action after an average 
of 10% weight reduction were lost with weight regain but largely preserved with weight 
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maintenance. In the Finnish Diabetes Prevention Study (58), sustained weight reduc- 
tion during a 4-yr follow-up of individuals with impaired glucose tolerance resulted in 
a substantial improvement in insulin sensitivity. Findings from the Framingham Study 
(59) showed that a modest amount of sustained weight loss reduced the risk of diabetes 
by 37% in 618 overweight individuals. The effect was even stronger for overweight 
(BMI > 29 kg/m 2) individuals among whom sustained weight loss was associated with 
a 62% reduction in the risk of diabetes. Additionally, in the Health Professionals 
Follow-up Study (44) of 22,171 men, the risk of developing diabetes was reduced by 
about 50% as a result of weight loss exceeding 6 kg over a 10-yr period. 

Physical Activity 
A number of prospective cohort studies have indicated that physical activity is asso- 

ciated with a significant reduction in the risk of type 2 diabetes, whereas a sedentary 
lifestyle is associated with an increased risk (45,47,60-66). For instance, in the Nurses' 
Health Study (66), the risk of type 2 diabetes decreased with increasing amounts of 
total physical activity. Compared with women with the lowest level of total physical 
activity, those with the highest level had a 46% lower risk, independent of major risk 
factors for diabetes (Fig. 11). Moreover, the inverse dose-response relationship per- 
sisted after controlling for BMI (66). In the same cohort of nurses, time spent watching 
television, a major sedentary behavior in the United States, was significantly positively 
related to the risk of diabetes (61); each 2-h daily increment in watching television was 
associated with a 14% increase in the risk of diabetes. Similar findings were obtained 
from a cohort of men (the Health Professional's Follow-up Study) showing a 20% 
increased risk of diabetes for each 2-h daily increment in watching television (63). In 
addition, compared with men with the lowest level of total physical activity, those with 
the highest level had a 49% lower risk of diabetes (Fig. 11). 
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Lifestyle Modification and Risk of Type 2 Diabetes 
Randomized controlled trials in Finland and the United States have demonstrated the 

feasibility and efficiency of lifestyle intervention programs in the prevention of dia- 
betes in individuals with impaired glucose tolerance. The lifestyle intervention program 
in the Finnish trial (67) aimed to achieve a reduction in weight of 5% or more; moder- 
ate exercise for at least 30 min/d; an intake of total and saturated fat of <30 and <10%, 
respectively; and an increase in fiber intake to at least 15 g/1000 kcal. Subjects in the 
intervention group were also recommended to consume frequently whole-grain foods, 
vegetables, fruits, low-fat milk and low-fat meat products, soft margarines, and veg- 
etable oils rich in monounsaturated fatty acids. The lifestyle program was associated 
with a 58% reduction in risk of developing diabetes, and the 4-yr cumulative incidence 
of diabetes was 11% in the intervention group in comparison with 23% in the control 
group (Fig. 12). The US Diabetes Prevention Project (68) aimed to achieve and main- 
tain a weight reduction of at least 7% through a healthy low-calorie, low-fat diet and to 
engage in moderate physical activity for at least 150 min/wk. This trial showed that 
over 3-yr, the lifestyle intervention reduced the risk of progressing from impaired glu- 
cose tolerance to diabetes by 58%, whereas the oral hypoglycemic drug metformin 
reduced the risk by 31%; the 3-yr cumulative incidence of diabetes was 14% in the 
intervention group and 29% in the control group. The results of these two trials are also 
similar to those from the Da Qing Impaired Glucose Tolerance and Diabetes Study in 
China (69), showing that modification of diet and/or exercise level can significantly 
decrease the risk of diabetes in individuals with impaired glucose tolerance. 

Summary 
Besides genetic predisposition, there is ample evidence that such modifiable lifestyle 

factors as obesity and physical inactivity are important determinants of the development of 
type 2 diabetes. Furthermore, it has been demonstrated that lifestyle modifications, includ- 
ing changes in exercise and dietary practices, the primary factors in determining weight 
loss, can effectively delay or prevent the development of diabetes in high-risk groups. 
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C O N C L U S I O N S  

The prevalence of obesity in adults, children, and adolescents has increased dramat- 
ically globally over the last few decades and there is no sign of it abating. About half of 
the adult population in the United States and other Western countries is currently esti- 
mated to be overweight or obese. Urban areas of some developing countries are 
approaching similar proportions. 

As for obesity, the number of persons with diabetes is reaching epidemic proportions 
(70), and it has been projected that the prevalence will grow substantially over the next 
several decades (1). The increasing prevalence of type 2 diabetes is indicative of the 
effects of globalization and industrialization, which affects all nations, with obesity, 
sedentary lifestyle, and inappropriate diet the predominant factors involved. 

Because obesity and diabetes are major causes of morbidity and mortality, reversing 
the obesity and diabetes epidemics is of utmost importance. The trend of increasing 
prevalence of obesity and diabetes all over the world has already imposed an enormous 
burden on health-care systems, and this will continue to increase in the future. Thus, 
prevention of these two diseases in adults, and especially in children and adolescents, 
should be an essential component of future public health intervention programs. 
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I N T R O D U C T I O N  

Obesity and diabetes mellitus are two disease states with significant morbidity and 
mortality, the prevalence of which is reaching the point of an international epidemic, 
with continuously increasing numbers of affected individuals (1). Full elucidation of the 
pathogenesis of obesity and diabetes mellitus and, thus, the development of preventative 
and therapeutic approaches require delineation of the genetic defects associated with 
these disease states and clarification of the molecular mechanisms that lead from geno- 
type to phenotype. This chapter focuses on recent advances in the field and, by present- 
ing data from several large-scale human studies and a wide range of animal models, 
outlines researchers' current knowledge on the genetics of obesity and diabetes (with an 
emphasis on type 2 diabetes). A good understanding of the mutations and molecular 
pathways involved in the development of disease could allow presymptomatic diagnosis 
and more accurate prognosis and could eventually reveal better therapeutic targets. 

OBESITY 

Obesity is a complex trait with multifactorial etiology, including behavioral, envi- 
ronmental, and genetic factors. The genetic contribution to obesity in humans has been 
established from a series of family, twin, and adoption studies, and the estimated heri- 
tability of body mass index (BMI) seems to range between 50 and 90% (2). It is, how- 
ever, difficult to reconcile the genetic etiology of common human obesity with the 
markedly variable prevalence of the disease in individuals of different socioeconomic 
backgrounds and demographic origins (3) (see www.who.int). One of the hypotheses 
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based on mouse studies proposes that susceptibility to obesity is determined largely by 
genetic factors, but that the environment determines phenotypic expression (4). 

Extensive studies mainly involving the "candidate gene" and the "genome-scanning" 
approaches have been performed to date, in an effort to identify genes contributing to 
or responsible for obesity. In the majority of cases, obesity is believed to result from 
interactions of multiple "susceptibility" genes, and only a few rare cases have been 
attributed to single gene mutations (see "Human Monogenetic Studies" section). 
Significant variability has also been observed in the genetic predisposition for obesity 
in different ethnic groups, and different genes have been proposed to lead to obesity at 
different ages (5). A forum entitled the "Human Obesity Gene Map" has been estab- 
lished that includes the findings of all genetic studies conducted to decipher the genet- 
ics of obesity (http://obesitygene.pbrc.edu/). 

Animal Studies 
MONOGENIC STUDIES 

Genetic studies of animal models have contributed significantly to the current under- 
standing of obesity. Approximately 10 mouse models with naturally occurring single 
gene mutations are available and have been extensively studied (6) (for an up-to-date 
list, visit the web site http://obesitygene.pbrc.edu/). The obese (ob) mouse model is 
regarded as the classic animal model of obesity, caused by a mutation in the leptin 
(Lep) gene that prevents leptin secretion from the adipose tissue (7). This mouse model 
has been instrumental in the dissection of the leptin signaling pathway. Other single 
gene mutation mouse models of obesity include the agouti yellow (AY) (8), tubby (tub) 
(9), diabetic (db) (10), fat (fat) (11), and mahogany (mg) (12) mutant mouse strains, 
with mutations in the nonagouti (a), tubby candidate (Tub), leptin receptor (Lepr), car- 
boxypeptidase E (Cpe), and attractin (Atrn) genes, respectively. All naturally occur- 
ring single gene mutations are recessive with the exception of the agouti yellow, which 
is dominant. A comprehensive list of these mouse models and references on their phe- 
notype can be found at http://obesitygene.pbrc.edu/natural.htm. Interestingly, the 
majority of naturally occurring mutations affect genes of the leptin-melanocortin 
pathway (Fig. 1). 

A large number of knockout (KO) and transgenic mouse obesity models have been 
generated, on the background of either wild-type (WT) mouse strains or different obese 
mouse strains (13). Examples of the mutated genes include members of the leptin- 
melanocortin pathway such as pro-piomelanocortin (POMC) (14) and melanocortin-4 
receptor (MC4R) (15), as well as promelanin-concentrating hormone (PMCH), per- 
ilipin (PLIN), and nitric oxide synthase 2 (inducible, macrophage) (NOS2), which are 
involved in the regulation of energy expenditure (EE) and insulin resistance, respec- 
tively (16-18). 

~-Adrenergic receptor ([3AR) (ADRB)-deficient mice have also been generated, 
establishing the role of ~Ars in the body's defense against diet-induced obesity (19). 
Chemical mutagenesis recently generated the SMA1 mouse that carries a growth hor- 
mone (GH) mutation, reducing/eliminating its expression, which presents with exces- 
sive amounts of visceral fat (20-23). 

POLYGENIC STUDIES 

Numerous polygenic mouse models of obesity have been generated. Some are inbred 
mouse lines, whereas others result from repeated selections of noninbred mice. Multiple 
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GHRL 

LEP 

Adipose tissue 
Paraventricular 

Arcuate nucleus nucleus 

Fig. 1. The leptin-melanocortin pathway involves leptin (LEP) secretion from adipocytes into the 
circulation, binding to its receptor (LEPR) in the central nervous system (CNS), resulting in altered 
production of pro-piomelanocortin (POMC), neuropeptide Y (NPY) and agouti-related protein 
(AgRP). Cleavage of POMC by proprotein convertase subtilisin/kexin type 1 (PCSK1) to give ~- 
melanocyte-stimulating hormone (c~-MSH) and adrenocorticotropin (adrenocorticotropic hormone) 
a-MSH can, in turn, bind and activate melanocortin-3 receptor (MC3R) and MC4Rs, which inhibit 
food intake and alter energy homeostasis. Ghrelin (GHRL) is secreted by the stomach, acts on growth 
hormone secretagogue receptors (GHsR), and signals hunger. 

crosses, particularly between mouse strains with extremely different phenotypes, enable 
the identification of >130 quantitative trait loci (QTL) associated with obesity 
(http://obesitygene.pbrc.edu/). It is noteworthy that different QTL have been associated 
with the age of onset and gender in obesity (e.g., see refs. 24-26). Certain loci only 
contribute to obesity by interaction with other loci, whereas pairs of loci can have a 
coordinate effect on correlated traits such as body and muscle weight and leptin con- 
centration (27). 

A number of other species, including rat (Rattus norvegicus), wild pig (Sus scrofa), 
and cow (Bos bovis) (e.g., see refs. 28-30), have served as experimental models for 
obesity, and additional ones, such as baboon, are emerging as future targets (31). 
Animal models of obesity, particularly of species genetically closer to humans, may 
prove to be invaluable in pharmaceutical research, especially in identifying therapeutic 
targets and evaluating the efficiency and side effects of drug candidates. 

Human Studies 

POLYGENIC STUDIES 

The "Human Obesity Gene Map" includes an extensive list of susceptibility genes 
that can lead to obesity independently and/or by interacting with other genes and/or 
environmental factors. 

Genomewide scans for obesity susceptibility genes have been performed in hun- 
dreds of families mostly of North American and European origin, but also African 
American, Asian, Mexican American, Pima Indian, and others. The two main 
approaches involved linkage analysis and association studies. By these approaches 
more than 200 obesity susceptibility loci have been identified, localizing on almost all 
human chromosomes,  except chromosome 21 and Y. Examples of strong linkage 
include chromosomes 2, 5, 10, 11, and 20 (32). 
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More than 60 candidate genes have been proved to have some role in obesity suscep- 
tibility (http://obesitygene.pbrc.edu/). One example is the ~3AR (ADRB3) on 8pl2- 
pl 1, which is involved in the regulation of lipid metabolism, leptin production, and 
thermogenesis. Its Trp64Arg variant has been frequently, but not always, found to cor- 
relate with increased abdominal/visceral adipocity, lower EE, and greater resistance to 
weight loss in various populations (33-36). Variants of the adipocyte-secreted hormone 
adiponectin, as well as variants of the transcription factor peroxisome proliferator-acfivated 
receptor y (PPAR 7) (such as Pro 12Ala, Pro115Gln, and C 1431T) have also been associated 
with BMI (37-41). The Prol2Ala variant of PPARy2, in particular, is also thought to 
interact with diet (42), to induce obesity and insulin resistance. 

Extensive linkage studies have given rise to multiple positional gene candidates, 
such as insulin receptor substrate 1 (IRS1) and calpain 10 (CAPNIO) on 2q34-q37; 
tubby-like protein 4 (TULP4), acetyl-CoenzymeA acetyltransferase 2 (ACAT2), and 
tumor necrosis factor-tx-induced protein 3 (TNFAIP3) on 6q23-q27; glucokinase (GK) 
and neuropeptide Y (NPY) on 7p15-p14; and apolipoprotein A-IV (APOA4) and dopamine 
receptor 2 (DRD2) on 1 lq22-q24. 

Other genes without a direct association to obesity may play a modifying role in cer- 
tain aspects of obesity. For example, a polymorphism in the ghrelin (GHRL) gene seems 
to be associated with childhood-onset obesity (43). A polymorphism in the hormone- 
sensitive lipase gene (LIPE) contributes to baseline body composition in a gender-, 
age-, and insulin-dependent manner (44). 

Finally, some genes have been implicated in gene-environment interactions. For 
example, lipoprotein lipase (LPL) and 132AR (ADRB2) gene polymorphisms have been 
associated with gene-exercise interactions (45-47). Furthermore, a gene-gene interac- 
tion has been described for LPL and ADRB2, with combinations of certain variants 
having various effects on BMI (48). 

MONOGENIC STUDIES 

Genes. A limited number of monogenic obesity cases affecting different parts of the 
leptin-melanocortin pathway have been identified (Fig. 1). Because only a few obese 
subjects have been reported to have LEP mutations, elevated leptin levels probably 
reflecting leptin resistance are the most common characteristics of human obesity and 
suggest that defects downstream of leptin are responsible for obesity in the vast major- 
ity of human subjects (49-52). Mutations, albeit rare, have also been found in LEPR, 
PCSK1, and POMC (14,53,54). The most common are mutations in the MC4R gene, 
which regulates feeding behavior and is responsible for up to 7% of pediatric obesity in 
several studies (55-57). Other single gene mutations leading to obesity involve PPARG, 
single-minded homolog 1 (SIM1), and melanocortin receptor-3 (MC3R) (39,58-60). 
Details on the mutations and the resulting phenotype can be found at http://obesity- 
gene.pbrc.edu/cgi-bin/ace/sgd_table.cgi. 

Syndromes. A number of genetic syndromes present with obesity as one of their 
clinical features, although in some of them it is more frequent than in others. In sum- 
mary, there are approx 18 autosomal dominant, 15 autosomal recessive, 10 X-linked, 
and 1 digenic syndromes. Examples include the syndromes Prader-Willi (hypotonia, 
cognitive impairment, morbid obesity), Bardet-Biedl 1-7 (Table 1), WAGR (Wilms 
tumor, aniridia, genital anomalies, retardation), Alstrom (Table 1), Wilson-Turner (men- 
tal retardation, gynecomastia), Cohen (psychomotor retardation, hypotonia, joint laxity, 
progressive retinochoroidal dystrophy), and achondroplasia (abnormal bone growth). 
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The causative or strong candidate genes are known for the majority of these syndromes. 
A detailed review of obesity-related genetic syndromes is beyond the scope of this 
chapter. More information is available at http://obesitygene.pbrc.edu/. 

DIABETES 

Type 1 Diabetes 
Type 1 diabetes is a heterogeneous and multifactorial autoimmune disease currently 

thought to result from a combination of genetic and environmental factors. The inci- 
dence of the disease is variable in different populations, ranging from approx 20 cases 
yearly per 100,000 individuals among Northern European populations to only 0.4-1.1 
cases yearly per 100,000 individuals among Asians. This may be related to different 
frequencies of susceptibility genes in each population (61). 

ANIMAL STUDIES 

Animal models with specific genetic alterations are powerful tools in the under- 
standing of complex polygenic diseases because interindividual variation is minimized, 
environmental parameters can be carefully controlled, large sample numbers are easy 
to obtain, and all tissues can be easily accessed at any age. Therefore, the downstream 
effects of naturally occurring or experimentally introduced mutations can be effectively 
studied. A number of animal models have been used to elucidate the molecular mecha- 
nisms underlying type 1 diabetes. Spontaneous mutations in several inbred rodent lines, 
such as the nonobese diabetic mouse (NOD), the Bio-Breeding Diabetes-Prone rat, and 
the Komeda Diabetes-Prone subline of the Long-Evans Tokushima Lean rat, led to sub- 
lines that succumb to type 1 diabetes with varying incidence (62-64). The NOD mouse 
has been used most extensively to date, with transgenic and gene-targeted models gen- 
erated for a long series of different genes including major histocompatibility complex 
(MHC) molecules (e.g., D57, HLA-DR~, HLA-DQ6), cytokines (interleukin-2 [IL-2], 
tumor neurosis factor-~ [TNF-{x], transforming growth factor-[~l), autoantigens (proin- 
sulin, HSP60, GAD), costimulatory molecules (CD152, CD80), and T-cell receptors 
(BDC2.5, BOC8.3) (reviewed in ref. 65). When defective, particularly in ~-cells, some 
of these genes can accelerate or inhibit the development of diabetes. Despite the large 
number of diabetogenes, two checkpoints have been clearly defined, the first regulating 
the onset of insulitis at about 3 wk of age and the second controlling the transition to 
overt disease at about 8-12 wk (66). Interestingly, it appears that IL-12 plays a crucial 
role in the regulation of the former (67). 

More recently, human genes associated with type 1 diabetes, such as MHC mole- 
cules, have also been transgenically expressed in mice (68) and are expected to offer 
important new information. 

HUMAN STUDIES 

The contribution of genetics to the pathogenesis of type 1 diabetes is supported by 
several lines of evidence demonstrating (1) that the lifetime risk of 1:300 in the general 
Caucasian population is in sharp contrast to the 1:6 risk in the case of affected first- 
degree relatives, and to 1:3 in monozygotic twins (69); and (2) that the estimated 
monozygotic twin concordance rate range of 21-70% is significantly higher than the 
0-13% range for dizygotic twins (70). 

Polygenic Factors. Population studies have revealed that more than 20 genetic loci, 
designated as insulin-dependent diabetes mellitus (IDDM) loci, are significantly linked 
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Table 2 
Loci Linked to Type 1 Diabetes / 

Locus Location Marker (candidate genes) Reference 

IDDM 1 6p21 HLA (human leukocyte antigen) 
IDDM2 1 lp15 INS VNTR (insulin) 
IDDM3 15q26 D15S107 
IDDM4 11 q 13 FGF3 (fibroblast growth factor 3) 

(LRP5 [low-density lipoprotein 
receptor-related protein 5] 
candidate) 

IDDM5 6q25.1 ESR1 (estrogen receptor 1) 
IDDM6 18q21  D18S487 
IDDM7 2q31 D2S 152 (NEUROD [neurogenic 

differentiation], G6PC2 
[glucose-6-phosphatase, 
catalytic, 2] candidates) 

IDDM8 6q27 D6S264 
IDDM9 3q21 D3S1576 
IDDM10 10pll D10S193 
IDDM11 14q24.3 D14S67 
IDDM12 2q33 CTLA4 (cytotoxic T-lymphocyte- 

associated protein 4) 
IDDM 13 2q35 D2S 164 
IDDM15 6q21 D6S283 
IDDM16 14q32.3 D14S542 (within IGH region) 
IDDM17 10q25 D10S554 
IDDM18 5q33 IL12B (interleukin- 12B) 
Unnamed I q42 D 1S 1617 
Unnamed 1 4 q 1 3 . 1  D14S70 
Unnamed 1 6 q 2 3 . 1  D16S515 
Unnamed 19q13 D19S247-D19S225 

a,b,c 

(Bell et al. 1984) a,b,c 
(Field et al. 1996) a,b 
(Hashimoto et al. 1994) a,b 

(Davies et al. 1994) a,b,c 
(Merriman et al. 1997) a,b 
(Copeman et al. 1995) a,b,c 

(Luo et al. 1995) a,b,c 
(Mein et al. 1998) a,b 
(Davies et al. 1994) a'b,c 
(Field et al. 1996) a,b 
(Nistico et al. 1996) a,b,c 

Morahan et al. 1996) a,b,c 
(Delepine et al. 1997) a 
(Field et al. 2002) 
(Verge et al. 1998) 
(Morahan et al. 2001) 
(Cox et al. 2001) a,c 
(Mein et al. 1998) b,c 
(Mein et al. 1998) b'c 
(Mein et al. 1998) b,c 

Footnotes: These loci also included in the study of: 
aConcannon et al. 1998 
bMein et al. 1998 
cCox et al. 2001 
aThe locus number, the chromosomal location, the marker (candidate gene), and representative refer- 

ences are presented. Most of the evidence is based on studies of US and UK populations, although some of 
the findings have also been confirmed in other populations. 

to type 1 diabetes. Although the number of genes with potential association to type 1 
diabetes is continuously increasing, the majority of type 1 diabetes-associated genes 
remain to be determined (Table 2). We discuss the most important of these genes next. 

Human Leukocyte Antigen Genes. The human leukocyte antigen (HLA) genes, 
part of the MHC, were the first to be linked to susceptibility for the disease IDDM1 
and still remain the major contributors, accounting for >42% of familial type 1 dia- 
betes cases (71, 72). Complex and strong associations with type 1 diabetes have been 
shown for class II genes (gene groups: HLA-DR, -DQ, and -DP), and a weaker asso- 
ciation for class I genes (gene groups: HLA-A, -B, -C), whereas associations with 
class III genes have been inconsistent. Class I genes encode antigens that are an 
integral part of  the plasma membrane of  nucleated cells; class II molecules  are 
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expressed primarily on B-lymphocytes, macrophages, and activated T-lymphocytes. 
The class II DQB1 and DRB1 alleles are the major IDDM1 contributors to type 1 
diabetes, and other HLA loci can further modify the final disease risk (73-75). 
Moreover, DQ genes are the common denominators to type 1 diabetes susceptibility 
across various ethnic groups. Interestingly, a number of HLA alleles confer protec- 
tion against the disease and can even override the effect of strong susceptibility 
alleles (76, 77). The HLA-DQ molecules associated with protection from type 1 dia- 
betes give more stable dimers, particularly at neutral pH, than those conferring 
susceptibility (78). 

Insulin Gene. In general, class I alleles of the 14-bp variable number tandem repeat 
(26-63 repeats) polymorphic region, upstream of the insulin gene translational start 
site, predispose to type 1 diabetes, and class III alleles (140-210 repeats) confer a dom- 
inant protective effect (79-81). 

Other IDDM Loci and Candidate Genes. Preliminary evidence suggests a potential 
association of several other genes to type 1 diabetes. For example, the vitamin D 
receptor gene polymorphism and the MHC class I chain-related gene-A (MIC-A) have 
been associated with type 1 diabetes (82,83), and polymorphisms in the IL receptor 4 
(IL4R) gene, as well as specific combinations of genotypes at the IL-4R and the IL-4 
(IL4) and IL-13 (ILl3) loci are now being reported to increase the risk of type 1 dia- 
betes (84). Other examples include the T-cell-specific factor 7 (TCF7) and the IL-10 
(ILIO) (85,86). Elucidating the mechanisms underlying the relationship between these 
polymorphisms and type 1 diabetes as well as any potential interactions could enable 
future presymptomatic diagnosis and early use of preventative measures. 

Monogenic Factors. Monogenic forms of type 1 diabetes are extremely rare (Table 1), 
but their study has been instrumental in understanding the molecular pathways leading 
to diabetes, because they allow the identification of disease-causative gene mutations 
and, consequently, point to disease-related molecular pathways. Two characteristic 
forms are the autoimmune polyendocrine syndrome type I (APS-I) or autoimmune 
polyendocrinopathy, candidiasis, and ectodermal dystrophy, and the immune dysregu- 
lation, polyendocrinopathy, enteropathy, X-linked syndrome (IPEX) or X-linked poly- 
endocrinopathy, immune dysfunction, and diarrhea. APS-I is an autosomal recessive 
autoimmune polyglandular syndrome with type 1 diabetes as one of its potential mani- 
festations, caused by mutations in the AIRE gene, which is involved in the induction of 
tolerance to self-antigens (87). IPEX is associated with overwhelming neonatal autoim- 
munity and is usually lethal in infancy. It is caused by mutations in the FOXP3 gene, 
which codes for a transcription factor expressed in CD4 + lymphocytes (88). 

Type 2 Diabetes 
Type 2 diabetes is a heterogeneous metabolic disorder, characterized by defects in 

both insulin secretion and insulin action, and its current prevalence of 5 to 6% is pro- 
jected to rise by approx 50% by the year 2010 (89), bringing the total of affected indi- 
viduals worldwide close to 215 million. Type 2 diabetes is generally attributed to a 
combination of environmental and genetic factors acting on a number of intermediate 
traits of relevance to the diabetic phenotype, including [3-cell mass, insulin secretion, 
insulin action, fat distribution, and obesity, but the specific contribution of genetic and 
environmental factors may vary in different type 2 diabetes subtypes, with highly 
genetic forms at one end of the spectrum, and genetic susceptibility strongly associated 
with environmental factors at the other end. 
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Evidence to support the genetic aspect of type 2 diabetes arises from twin (43% con- 
cordance between Danish dizygotic twins and 63% in monozygotic twins) and family 
studies (20-30% increased risk for siblings), as well as the marked differences in dis- 
ease prevalence among various racial groups (90-94). Although several rare monogenic 
forms of type 2 diabetes have been described, it is currently believed that type 2 dia- 
betes is primarily a polygenic disorder. 

Similarly to other complex disorders with multifactorial inheritance, the approaches 
employed for the genetic study of type 2 diabetes have mainly included animal studies, 
the "candidate gene," and "genomewide-scanning" approaches. 

ANIMAL STUDIES 

Monogenic Studies 
Insulin Signaling. The understanding of type 2 diabetes has been significantly 

enriched by the study of a range of KO and transgenic mouse models (summarized in 
Table 3) targeting specific pathways of insulin action and insulin signaling. 

Regarding insulin action, the crucial role of the insulin receptor (IR) (Fig. 2) was 
confirmed in homozygous IR -/- mice, which develop a severe form of diabetes and die 
within the first week of life from diabetic ketoacidosis (95,96). Heterozygote IR +/- 
mice, however, do not present with any metabolic abnormalities, suggesting that a 
decrease in IR number does not necessarily lead to insulin resistance. IR tissue-specific 
KOs in muscle (MIRKO) exhibited features of the metabolic syndrome with normal 
blood glucose, serum insulin, and glucose tolerance but severely impaired skeletal mus- 
cle glucose uptake and obesity (97,98). On the contrary, liver-specific IR KOs (LIRKO) 
had severe insulin resistance and increased ]I-cell mass, and [3-cell-specific knockouts 
(~IRKO) developed glucose intolerance with aging (99,100). Finally, neuron-specific 
IR KOs (NIRKO) presented not only with insulin resistance, but also diet-induced obe- 
sity (101). Mouse KO models of the insulin receptor substrates (IRSs) 1-4, the major 
substrates of IR (Fig. 2), have shown that IRS 1 -/- mice do not develop frank diabetes, 
but ~-cell hyperplasia and mild insulin resistance, which is mainly localized in skeletal 
muscle, a phenotype similar to the human syndrome X (102,103), whereas IRS2 -/- 
mice develop overt type 2 diabetes early on in life, with severe liver insulin resistance 
and lack of ~-cell hyperplasia (104,105), and IRS3 -/- mice present with only mild glu- 
cose intolerance (106). 

Regarding insulin signaling, KO models of molecules downstream of IRS in the 
insulin-signaling cascade (see Fig. 2) such as p85~ (or p85~ or p85~tp55~/p50~) and 
AKT2 result in quite different phenotypes with increased insulin sensitivity in the for- 
mer and insulin resistance at the level of skeletal muscle and liver leading to type 2 dia- 
betes in the latter (107-111). GLUT4 -/- mice present with only moderate insulin 
resistance, whereas male GLUT4 +/- mice develop type 2 diabetes (112,113). Muscle 
(MG4KO)- and liver (FG4KO)-specific KOs for GLUT4 present with insulin resistance 
(114,115), which is seen in both the muscles and the liver of the latter mouse model. 

B-Cell Dysfunction. In addition to insulin resistance, dysfunction of I]-cells, which 
are responsible for the secretion of insulin, and impaired insulin secretion is another 
major cause of type 2 diabetes. The study of transgenic mice overexpressing the human 
insulin gene led to the conclusion that chronic hyperinsulinemia can lead to insulin 
resistance in the fasting state (116). Single homogeneous insulin gene KO mice 
INS 1-/-or INS2 -/- did not develop insulin deficiency, however, and the pancreatic insulin 
content was similar to WT levels, partly owing to the increase in the ~-cell population 
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I 

IGF1R 

PIK3R1 

i ~-- • / ¢  

v Gd," 
AKT ~ GLUT4 ,/' 

g, : 
p70S6-kinase 
(RPS6KB1) \ 

GLUT4 GLUT2 

~ ~ . . j  Glucose J 
Fig. 2. Insulin (INS) binds to insulin receptor (IR) and activates IRS 1-4, which, in turn, interact with 
the p85t~, p55t~, and p50t~ subunits of the phosphoinositide-3-kinase, regulatory subunit, polypeptide 
1 (PIK3R1) and activate it. INS and IR have very similar structures to insulin-like growth factor 
(IGF) and IGF receptor (IGFR). On binding of IGF to its receptor, a cascade is triggered that leads to 
PIK3R1 activation. This, in turn, stimulates a series of molecular interactions, one of which leads to 
AKT activation. AKT stimulates the translocation of glucose transporter 4 (GLUT4) to the cell mem- 
brane. GLUT4 is the main glucose transporter in certain tissues such as muscle. In addition to 
GLUT4, GLUT2, a glucose transporter mainly expressed in the ~l-cells of the pancreas, functions as 
a glucose sensor. Together with glucokinase (GK), ~-cell K+ATP channel subunits SUR1 and KIR6.2 
are responsible for glucose-regulated insulin secretion. GLUT4 is predominantly found in muscle 
and fat cells, and GLUT2 in liver and 13-cells. Genes for which KO or transgenic mouse models are 
available are indicated in bold (see art). 

(117,118). Homozygous KO mice of either one of two key sensors of ambient glucose 
levels and, thus, regulators of the [3-cell glucose-stimulated insulin secretion (i.e., glu- 
cose transporter 2 [GLUT2] and GK) develop type 2 diabetes, which leads to early death 
(Fig. 2) (119-121). GK tissue-specific KOs have been generated for both 13-cells and 
liver, with a more severe phenotype in the former (119,121,122). Finally, homozygous 
KOs have been generated for the potassium inwardly rectifying channel, subfamily J, 
member 11 (KCNJll or KIR6.2), and for the adenosine triphosphate (ATP)-binding 
cassette, subfamily C (CFTR/MRP), member 8 (ABCC8 or SUR1), which make up the 
p-cell KAT e channels and are responsible for glucose and sulfonylurea-regulated insulin 
secretion (Fig. 2) (123,124). The respective mouse phenotypes involve mild glucose 
intolerance and impaired response to glucose blood levels. 
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Polygenic Studies. Building on combinations of monogenic mouse models, a num- 
ber of polygenic models have also been developed in an effort to understand the inter- 
actions between different molecular pathways involved in type 2 diabetes and, 
ultimately, its polygenic etiology. For example, double heterozygous mice for IR and 
IRS1, as well as triple heterozygous mutations for IR, IRS1, and IRS2, develop severe 
insulin resistance in both muscle and liver, whereas the IR+/-/IRS2 +/- mice show insulin 
resistance only in liver (125,126). IR-/-/GK +/- mice have moderate insulin resistance 
(127). All of these mouse models result in different degrees of 13-cell hyperplasia. 
Diabetes developed the earliest and was most severe in the triple heterozygous mice. 
Double homozygous mice Ins 1-/-/Ins2 -/- are growth retarded, develop severe diabetic 
ketoacidosis, and die soon after birth (118). However, an improvement in insulin sensi- 
tivity has also been achieved in IR+/-/IRS 1+/-/p85+/- mice, revealing the complex inter- 
actions between different diabetogenes predisposing to insulin resistance and 
sensitivity, respectively (109). 

Conclusion. Significant novel insights into the pathophysiology of type 2 diabetes 
have been derived from studies in genetically engineered mice. For example, phos- 
phatidylinositol-3-kinase was directly shown, for the first time, to participate in glucose 
homeostasis (110), and varying levels of GLUT4 were suggested to alter whole-body glu- 
cose disposal (128). Direct evidence showed, for the first time, that GK serves as a glu- 
cose sensor for insulin secretion with a pivotal role in glucose homeostasis particularly in 
13-cells (119,122). The role of the liver in glucose homeostasis proved to be much greater 
than previously thought, with liver-confined insulin resistance leading to glucose intoler- 
ance and muscle-confined insulin resistance associated with altered fat metabolism but 
not diabetes (98,99). Moreover, it became apparent that both IRS-dependent and IRS- 
independent pathways of insulin and IGF signal transduction are present (102). Tyrosine- 
phosphorylated IRS2 and IRS3 were found to assume a compensatory role in the absence 
of IRS 1 in liver and muscle, respectively (129-131), and IRS2 -/- was the first single gene 
deficiency to cause both peripheral insulin resistance and J~-cell deficiency in a type 2 
diabetes animal model (104,105). Studies of polygenic mouse models revealed the com- 
plexity of gene interactions leading to diabetes, with combinations of diabetic-gene muta- 
tions almost reversing the increased diabetes risk, and combinations of nondiabetic genes 
acting additively and leading to diabetes (109,127). In general, it appears that compensa- 
tory mechanisms can lead to milder than expected phenotypes, while an intimate commu- 
nication exists between pancreatic 13-cells and insulin-target tissues. 

Although animal models are critical in dissecting the molecular pathways involved 
in type 2 diabetes, they have a number of differences from humans that are important to 
bear in mind when interpreting the data. For example, mice are probably more sensitive 
to insulin than humans, as demonstrated by the observations that, unlike in humans, 
IRS1 mutations do not lead to a diabetic phenotype in mice, and IRS2 mutations, which 
lead to typical type 2 diabetes in homozygous KO mice, have not been found in humans 
to date (132). 

HUMAN STUDIES 

The vast majority of type 2 diabetes cases are polygenic. Multiple loci have demon- 
strated associations or linkage to type 2 diabetes. Genomewide scans have identified 
very few chromosomal regions with significant or consistent correlation to type 2 dia- 
betes. Loci with significant linkage to type 2 diabetes (LOD [log of odds] scores >3.6 
and supporting evidence of linkage by more than two studies) were lq21-q24, lq25.3, 
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2q37.3, 3p24.1, 3q28, 10q26.13, 12q24.31, and 18p11.22 (133-139); reviewed in ref. 
140. The locus 2q37.3 has received a great deal of attention since it was first associated 
with type 2 diabetes in Mexican Americans, and it has been named NIDDM1 (133). 
NIDDM1 was later shown to host the gene CAPNIO, a member of the calpain (calcium- 
activated neutral proteases) family of nonlysosomal cysteine proteases that catalyze the 
endoproteolytic cleavage of specific substrates involved in a number of cellular func- 
tions, including intracellular signaling (141,142). Associations of certain CAPNIO poly- 
morphisms and type 2 diabetes have been reported in some populations; however, they 
have not been reproduced by other studies, and the precise genotype-phenotype correla- 
tion remains unclear (143-146). 

A wide range of candidate genes have been assessed for association to type 2 dia- 
betes. More than 200 candidate genes have been tested and more than 40 different gene 
associations have been described. However, very few have been reproduced by multiple 
studies (147). The main problems with these studies include inadequate statistical 
power, multiple hypothesis testing, population stratification, publication bias, and phe- 
notypic differences. Larger studies and meta-analysis using thousands rather than hun- 
dreds of subjects are the most favorable solutions (148-151). 

The strongest and most reproducible association for type 2 diabetes to date has been 
described for the transcription factor PPARy, a target for the insulin-sensitizing drugs 
thiazolidinediones, which plays a central role in adipocyte development. A common 
amino acid substitution (Prol2Ala) in PPARy has been associated with a higher BMI, 
insulin resistance, and an increased risk of type 2 diabetes (152,153). Although the 
effect of Prol2Ala for an individual carrier may be weak, the high frequency of this 
allele leads to a high population risk of about 25% (154). Interestingly, dominant nega- 
tive mutations in PPARG can also act as a monogenic cause of type 2 diabetes, as seen 
in two families to date (58). 

Significant associations with type 2 diabetes have also been found for SUR1; KIR6.2; 
glucagon receptor (GCGR); glucokinase (GCK); and solute carrier family 2 (facilitated 
glucose transporter), member 1 (SLC2A1 or GLUT1) after meta-analyses (140). 

Other Specific Types of Diabetes 
The monogenic forms make up approx 5% of type 2 diabetes cases. They often pres- 

ent in childhood or early adulthood, and according to the 1997 American Diabetes 
Association guidelines, they are classified as "other specific types of diabetes" (155). 
Certain monogenic forms of type 2 diabetes such as maturity-onset diabetes of the 
young (MODY), mitochondrial diabetes syndromes, and hyperproinsulinemia are asso- 
ciated with defective insulin secretion. The most common among them is the MODY. 
MODY is genetically, metabolically, and clinically heterogeneous, encompassing 
monogenic forms of diabetes of [3-cell origin. MODY displays autosomal dominant 
inheritance and is the result of mutations identified in six different genes, each one 
associated with a different form of MODY (Table 1). Mitochondrial diabetes syndromes 
involve mutations in mitochondrial genes (such as rRNA and tRNA genes or NADH 
dehydrogenase) and, thus, they are strictly maternally inherited. Some patients with 
mitochondrial diabetes syndromes may display an acute-onset insulin-dependent form 
of diabetes, although in most individual patients, the monogenic forms are clinically 
indistinguishable from other type 2 diabetes cases. Hyperproinsulinemia, caused by 
mutations in the insulin gene that lead to structurally abnormal, functionally inactive 
insulin, can also lead to type 2 diabetes (156). 
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A number of other monogenic forms of type 2 diabetes are associated with insulin 
resistance. Examples include leprechaunism (or Donahue syndrome) (157), Rabson- 
Mendenhall syndrome (158), and Type A insulin resistance (159,160) (Table 1). 
However, a wide range of additional monogenic syndromes display type 2 diabetes as 
one of their symptoms. Some are primary lipoatrophy syndromes such as Berardinelli- 
Seip congenital lipodystrophy (161,162), Dunnigan-type familial partial lipodystrophy 
(FPLD) (163), and late-onset FPLD (164), whereas others are complex syndromes 
associated with lipoatrophy such as mandibuloacral dysplasia (165), Werner syndrome 
(166), and Cockayne syndrome (167). The specific manifestations of these syndromes 
are briefly presented in Table 1; a more detailed description is beyond the scope of this 
chapter and can be found elsewhere (168). 

Gene Polymorphisms in Complications of  Type 1 and 2 Diabetes 
Both type 1 and 2 diabetes are associated with a series of complications, such as 

nephropathy, retinopathy, and cardiovascular disease, which seriously compromise the 
quality of life and longevity of patients with diabetes. In addition to a genetic predispo- 
sition to developing diabetes, accumulating evidence suggests a genetic component for 
developing these complications as well. Although a wide range of genes have been 
assessed for their association with increased risk of such complications (169-172), 
only a few studies have revealed significant and consistent results in both type 1 and 2 
diabetes (173), including the nephropathy-associated angiotensin-converting enzyme 
(ACE), and the microvascular disease-associated aldose reductase (AR) (174-178). 
Thus, more work is required to elucidate the genetics of complications of diabetes. 

OBESITY AND DIABETES: A DIRECT LINK? 

There is considerable evidence supporting the link among a high-fat diet, obesity, 
and diabetes; however, the mechanisms behind these associations are only beginning to 
emerge (see Chapter 7). Although it is obesity that is traditionally thought to result in 
insulin resistance, it is currently believed that this association is bidirectional. Insulin 
signaling is considered critical for the development of obesity (179). In addition, adi- 
pose tissue plays a key role in the development of insulin resistance by expressing and 
secreting proteins with multiple endocrine functions (180). Leptin is an adipocyte- 
derived hormone that regulates energy homeostasis and neuroendocrine function. 
Leptin deficiency leads to insulin resistance and diabetes, which may be corrected by 
the administration ofr-metHuLeptin (181). Leptin secretion is also influenced by sev- 
eral factors such as TNF-a, a cytokine, the levels of which increase with obesity and 
induce insulin resistance (182-185). A TNF-ot-related increase in plasminogen activa- 
tor inhibitor 1 levels has also been associated with obesity and insulin resistance (186). 
By contrast, the expression of the adipoise tissue-derived endogenous insulin sensitizer 
adiponectin is decreased in obesity. Administration of adiponectin improves insulin 
resistance, and combined administration of adiponectin and leptin can completely 
reverse insulin resistance in lipoatrophy and obesity (187). The adipose tissue-secreted 
proteins IL-6, macrophages and monocyte chemoattractant protein 1, adipsin, acyla- 
tion-stimulating protein, and resistin, as well as proteins of the renin angiotensin sys- 
tem present additional links between obesity and insulin resistance, which are covered 
in detail in other chapters of this textbook (188-193). The transcription factor PPAR 7 
plays a key role in high-fat-diet-induced obesity and insulin resistance at least in part 
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by altering leptin and adiponectin expression (194). Spontaneous or engineered animal 
models of leptin, its receptor, adiponectin, and TNF-o~ deficiency have been extensively 
studied and shown to develop insulin resistance (7,195-197), in contrast to resistin KO 
mice, which do not develop insulin resistance, only hyperglycemia (198). Finally, sev- 
eral single nucleotide polymorphisms (SNPs) of these molecules have been linked to 
the development of insulin resistance and diabetes (199-202). In summary, there is 
considerable evidence to support the link between diabetes and obesity, but extensive 
work is still required to decipher the complex molecular pathways behind it. 

F U T U R E  D I R E C T I O N S  

Although many chromosomal loci and genes have been associated with diabetes and 
obesity, and the rate of progress is increasing, the search for their genetic causes is far 
from complete. The completion of the Human Genome Project and the expanding knowl- 
edge on SNPs combined with findings from genomewide scans, as well as advances in 
genomic technologies and data analysis, hold considerable promise (203-206). The 
rapid progress in genomics and proteomics, e.g., could enable the accelerated transition 
from mutations to transcriptional changes to protein changes and hence, a better under- 
standing of the molecular pathways involved in the development of disease. Large-scale 
screens based on chemical mutagenesis of whole animals and transposon insertions in 
embryonic stem cells are also likely to play a key role in the pace of future develop- 
ments (207,208). The identification of disease-causing mutations, particularly in the 
context of gene-gene and gene-environment interactions of low- or moderate-pene- 
trance genes, may eventually enable presymptomatic genetic testing and early use of 
preventative measures and/or medications. Characterization of the molecular pathways 
involved in the development and progression of disease promises to reveal new thera- 
peutic targets, and the availability of a wide range of animal models will expedite the 
testing phase of the various drug candidates. Meantime, progress in pharmacogenomics 
could ultimately permit the selection of "individualized" drugs, which will take into 
consideration potential interactions of the individual's genome with the drug, thus mini- 
mizing potential drug side effects. Finally, in-depth genetic studies are expected to help 
clarify the complex interpopulation differences. It is hoped that researchers will eventu- 
ally achieve the incorporation of appropriate tests, preventative measures, and medica- 
tions in a better suited, individualized preventative and therapeutic regimen. 

Glossary 

Term Definition 

Allele 

Association studies 

Candidate gene approach 

Alternative form of a genetic locus; a single allele for each locus is 
inherited from each parent 
Genetic association studies do not focus on families where a 
praticular disease is segregating, instead samples of affected and 
unaffected individuals are drawn from the population, and the 
frequency with which certain alleles are present in each of these 
groups is tested for association with a disease 
It involves analysis of genes that are a priori suspected to be 
involved in the disease, either due to previous knowledge from 
animal models or due to their physiological role. For example, the 
main criteria for consideration as a type II diabetes candidate 

(Continued) 
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Glossary (Continued) 

Term Definition 

Chemical mutagenesis 

Genome wide scan 

Genomics 
Haplotype 

HLA genes 

Linkage analysis 

Locus 

LOD score 

Meta-analysis 

genes include 1. known or presumed biological role in glucose or 
energy metabolism in humans (e.g., insulin secretion or insulin- 
signaling pathways); 2. involved in other subtypes of diabetes (e.g., 
MODY) or diseases that display diabetes mellitus as one of their 
symptoms (e.g., Wolfram syndrome); 3. association with diabetes or 
related symptoms in animal models; 4. differential expression in 
diabetic and normal tissues. The candidate gene approach evaluates 
statistically the co-occurrence of alleles or phenotypes. In this 
approach, an LOD score of 3 is usually taken as strong evidence of 
linkage and corresponds to a p-value of 0.0001, suggesting that 
linkage of that gene to the disease is 1000 times more likely than the 
alternative of no linkage (see LOD score below). 
Method in which a chemical agent such as ethylmethanesulphonate 
(EMS) or N-ethyl-N-nitrosourea (ENU) is used to induce point 
mutations in DNA, leading to a variety of genetic lesions that may 
result in complete loss of function, reduced function, increased 
function or altered function. 
The entire genome is evaluated for chromosomal regions carrying 
polymorphisms that are associated with the disease, by association 
studies or linkage analysis (for example, ~350 to -370 polymorphic 
markers are tested, with an average spacing of 10cM). It investigates 
the possibility of a specific genetic relationship between chromosomal 
loci. For this approach, more stringent LOD score criteria have been 
proposed than for the "candidate gene approach" (strong evidence 
requires LOD score > 3.3), owing to the large number of linkage tests 
that are performed in order to scan the entire genome (209). 
The study of genes and their function. 
The combination of alleles (for different genes) which are located 
closely together on the same chromosome and tend to be inherited 
together. 
The human leukocyte antigen genes are the most polymorphic 
genes known in humans, with some of them having hundreds of 
different alleles. The HLA alleles on a given chromosome are so 
closely linked that they are transmitted together as a haplotype. 
Analysis that searches for an increased sharing of genotypes 
between affected family members above the levels expected from 
the family relationships alone. It normally creates associations 
within families, but not among unrelated people. The traditional, 
statistical measure for linkage is the LOD score (logarithm of the 
likelihood ration for linkage). Where the family and the population 
merge, then linkage and association merge. 
The position on a chromosome of a gene or other chromosome 
marker; also, the DNA at that position. The use of locus is 
sometimes restricted to mean expressed DNA regions. 
Logarithm of the odd score; a measure of the likelihood of two 
loci being within a measurable distance of each other. 
The combination of data from several studies to produce a single 
estimate using multifactorial methods. 

(Continued) 
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Glossary (Continued) 

Term Definition 

Pharmacogenomics 

Polymorphism 

Proteomics 
QTL 

SNPs 

Translational start site 

VNTR 

Gene expression studies 

The study of the interaction of an individual's genetic makeup and 
response to a drug. 
A polymorphism is a difference in DNA sequence that occurs in a 
population with a frequency higher than 1%. 
The study of the full set of proteins encoded by a genome. 
Quantitative trait locus; a polymorphic locus that contains alleles 
that differentially affect the expression of a continuously distributed 
phenotypic trait. 
Single nucleotide polymorphisms; DNA sequence variations that 
occur when a single nucleotide (A, T, C, or G) in the genome 
sequence is altered. 
The sequence determining where the translation of mRNA into pro- 
tein will start from. 
Variable number tandem repeats; any gene whose alleles contain 
different numbers of tandemly repeated oligonucleotide sequences. 
The study of which genes are "activated" or "switched on" to make 
protein. 
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I N T R O D U C T I O N  

Obesity, a growing epidemic with a current prevalence of 30.9% in the United States 
(1), is directly responsible for the rapidly increasing morbidity and mortality from insulin 
resistance and the metabolic syndrome, diabetes, cardiovascular disease, cancer, respira- 
tory ailments, arthritis, reproductive challenges, and psychosocial problems (2). Obesity 
is responsible for approx 300,000 deaths in the United States every year and was thus 
recently declared the major public health problem in this country, superceding smoking 
(3). Moreover, the recent rapid increase in the incidence of obesity in children has 
resulted in nearly half of all children with newly diagnosed diabetes now having type 2 
diabetes (4), which, in turn, is expected to result in increasing morbidity and mortality at 
relatively younger ages in the future, a fact with enormous public health consequences. 

The recent exponential increase in the morbidity and mortality related to obesity has 
led to the intensification of research efforts aimed at elucidating its etiology and treat- 
ment. Although Kennedy (5) proposed a biological basis for body fat regulation about 
50 yr ago, the nature of the first endocrine feedback loop regulating body weight remained 
elusive until the discovery of the adipocyte-secreted hormone leptin in 1994 (6). This 
discovery led to a transformation of researchers' conception of adipose tissue from that 
of an inert reservoir of stored energy to an active organ producing and secreting many 
molecules that regulate energy homeostasis. Moreover, it has only recently become 
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Table 1 
Adipocyte-Expressed and/or -Secreted Molecules 

Category Molecules a 

Hormones 
Cytokines 
Other immune-related proteins 
Extracellular matrix proteins 

Complement factors 

Enzymes 

Proteins of RAS 
Acute-phase response proteins 
Proteins involved in fibrinolytic system 
Other 

Leptin, resistin, adiponectin, estrogens, AGT 
IL-6, TNF-c~ 
MCP-1 
Type I, II, IV, VI collagen; fibronectin; 

osteonectin; laminin; entactin; matrix 
metalloproteinases 2 and 9 

Adipsin (complement factor D), complement C3, 
complement factor B, ASP 

Cytochrome P450-dependent aromatase, 17[~-HSD, 
11 [~-HSD 1, LPL, CETP 

Renin, AGT, AT 1, AT2, ACE 
~l-Acid glycoprotein, haptoglobin 
PAI-1, tissue factor 
Apolipoprotein E, prostacyclin, FFAs, 
PPARy 

aLPL, lipoprotein lipase; CETE cholesterol ester transfer protein. 

apparent that other peripheral organs such as the pancreas and the gastrointestinal (GI) 
tract secrete several molecules, which also signal information on energy intake and bal- 
ance. Signals from both adipose tissue and other peripheral organs not only are inte- 
grated centrally in the brain to alter energy homeostasis, but may also influence other 
physiological functions, such as the neuroendocrine and reproductive hormone systems 
(see Chapter 5). 

In this chapter, we review molecules expressed in the periphery, which affect substrate 
utilization and/or energy partitioning. We then present the role of nutrients and hormonal 
signals secreted by the adipose tissue, the pancreas, and the GI system in response to acute 
or chronic changes in energy homeostasis. The integration of all these peripheral signals in 
the central nervous system (CNS) and hypothalamus is discussed in Chapter 5. 

A D I P O S E  T I S S U E  

Adipocytes are not only energy depots that store triglycerides during feeding and 
release fatty acids during fasting, but cells that also secrete numerous proteins and 
bioactive peptides known as adipokines, which, in turn, act at both the local 
(paracrine/antocrine) and systemic (endocrine) level. Therefore, today adipose tissue is 
considered a true endocrine organ (7) (see Table 1 and Fig. 1). Although several adi- 
pose tissue-generated molecules have been recently discovered and proposed to play an 
important role in energy homeostasis, those best understood as the most important ones 
are leptin, interleukin-6 (IL-6), and tumor necrosis factor-~ (TNF-cx), whereas 
adiponectin recently emerged as a potentially very important molecule. 

Leptin 

Leptin (from the Greek word leptos, meaning thin) is a 167 amino acid protein, which 
was discovered in 1994 by positional cloning of the obese (ob) gene (6). Mutations in the 
ob gene (leptin gene), as well as the diabetes (db) gene (leptin receptor gene), result in 
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Fig. 1. Adipocyte as an endocrine cell. 

morbid obesity and diabetes in rodents and humans (6,8,9). Leptin is thought to act as a 
lipostat: as the amount of fat stored in adipocytes rises, leptin is released into the blood 
and signals to the brain adequacy of energy stores. Leptin levels decrease in response to 
caloric restriction and weight loss (10), and leptin levels increase in response to overfeed- 
ing and increasing adipose tissue mass. Leptin secretion is also increased by insulin, glu- 
cocorticoids, TNF-o~, and estrogens and is decreased in response to starvation, ~3 
adrenergic activity, androgens, free fatty acids (FFAs), growth hormone (GH), and perox- 
isome proliferator-activated receptor 7 (PPARy) agonists (7). However, the effect of the 
latter on circulating leptin levels in humans is null, because these molecules also increase 
the subject's overall fat mass. 

Administration of leptin to leptin-deficient (ob/ob) and healthy rodents results in sig- 
nificant weight loss, demonstrating that leptin is directly involved in the regulation of 
food intake, energy expenditure (EE), and neuroendocrine function by signaling body 
fat depot size to the brain (6,11-13). However, administration of leptin to diet-induced 
obese mice, a model of human obesity, results in only minimal weight loss (14), demon- 
strating that these hyperleptinemic mice are leptin resistant, probably owing to receptor 
or postreceptor defects (15). 

Leptin circulates in the bloodstream in a free and a bound form and mediates its meta- 
bolic effects by binding to and activating the long isoform of a specific leptin/class 1 
cytokine receptor (also known as ObRb), which signals via the Janus kinase (JAK)-signal 
transducer and activators of transcription (STAT) system (16). Signaling pathways down- 
stream of leptin include the JAK-STAT pathway, mitogen-activated protein kinase 
(MAPK), and phosphatidylinositol-3-kinase (PI-3K). These pathways can be activated by 
leptin in vitro and in vivo (17). Leptin receptors are mainly, but not exclusively, found 
centrally in hypothalamic nuclei (arcuate hypothalamus [ARC] and paraventricular 
nucleus) and brain stem. Activation of the centrally expressed leptin receptors triggers 
appetite-inhibiting circuits (mainly through upregulation of o~-melanocyte-stimulating 
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Fig. 2. Leptin's role in energy homeostasis and reproduction: regulation of leptin secretion by overfeeding, 
insulin, cortisol, and sex hormones. ACTH, adrenocorticotropic hormone; FSH/LH, follicle-stimulating 
hormone/luteinizing hormone; TSH, thyroid-stimulating hormone; T 4, thyroxine. 

hormone [t~-MSH] [proopiomelanocortin, POMC]) and inhibits appetite stimulatory 
circuits (mainly by suppressing neuropeptide Y [NPY] and agouti-related peptide [AgRP] 
expression in hypothalamic nuclei) (18). Activation of leptin receptors in the ventromedial 
hypothalamus (VMN) and ARC results in modulation of autonomic nervous system 
(ANS) activity. Indeed, some studies have shown that acute leptin injections (intra- 
venously, intracerebroventricularly, or intrahypothalamically into the VMN) increase 
sympathetic nerve activity (19-21). Through activation of sympathetic nerves, leptin 
stimulates FFA oxidation and thermogenesis in brown adipose tissue (BAT). Leptin also 
increases glucose uptake in several tissues, including muscle and BAT, and thus seems to 
play a role in modulating peripheral insulin sensitivity. The latter is likely to involve acti- 
vation of central melanocortin neurons as well. Finally, it is not only leptin, but also other 
peripherally secreted molecules (e.g., insulin, adiponectin, gut peptides) that interact with 
the hypothalamus-ANS axis and modulate glucose homeostasis, energy expenditure, 
thermogenesis, and lipid metabolism (lipolysis and fatty acids oxidation) (22). Other 
endocrine effects (via direct action on peripheral tissue including muscle and pancreatic 
~-cells) include regulation of immune function; hematopoiesis; angiogenesis (23); and, 
finally, bone metabolism, which is affected by both direct and indirect mechanisms of 
leptin action (7). Figure 2 summarizes the complex role of leptin. 
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In humans, leptin is mainly expressed in adipose tissue, but has also been found in 
the hypothalamus, pituitary, placenta, skeletal muscle, and gastric epithelium (24). 
Studies in humans have demonstrated that only a distinct minority of morbidly obese 
subjects have either congenital leptin deficiency (25) or inactivating mutations of the 
leptin receptor gene (14). Leptin and/or leptin receptor mutations result in extreme obe- 
sity, hypogonadotropic hypogonadism, growth delay, and secondary hypothyroidism 
(26), suggesting that the leptin pathway plays a significant role in the central regulation 
of energy balance and hypothalamic endocrine functions. In the vast majority of obese 
subjects, however, serum leptin levels are directly proportional to their adiposity (27) 
and are secreted in greater amounts from sc than visceral adipose tissue (7), indicating 
that common human obesity is characterized by elevated leptin levels owing to leptin 
insensitivity or resistance. Molecular mechanisms proposed to underlie leptin resist- 
ance are (1) defects in leptin transport across the blood-brain barrier into the CNS; and 
(2) reduced hypothalamic leptin signaling, in part owing to upregulation of specific 
inhibitors of leptin signaling (18). More specifically, besides its primary role in regulat- 
ing energy homeostasis (mediated via hypothalamic pathways), leptin may act as a crit- 
ical link between the adipose tissue and the reproductive system by directly influencing 
the hypothalamic-gonadal axis. Leptin-deficient mice and humans have markedly 
increased appetite, develop obesity, and fail to go through puberty. All these abnormal- 
ities are corrected by therapy with recombinant leptin (17). Moreover, extremely thin 
women with hypothalamic amenorrhea and/or anorexia nervosa have low leptin levels 
(28,29). Because exogenous administration of leptin to normalize falling leptin levels 
in response to starvation restores neuroendocrine function in healthy men (30), and lep- 
tin treatment of strenuously exercising women normalizes neuroendocrine and repro- 
ductive function, as well as bone markers in women with relative hypoleptinemia (31), 
it has been proposed that leptin's main role in humans is to signal to the brain informa- 
tion on energy deficiency or sufficiency (7), rather than energy excess. 

IL-6 and TNF-a  
IL-6 and TNF-~ are two cytokines mainly produced by immune cells, but also 

expressed in adipose tissue. Adipocytes also express both TNF-~ and IL-6 receptors. In 
contrast to TNF-a, which is expressed mainly locally, and circulates in low levels, sug- 
gesting that it has mainly paracrine rather than endocrine functions, IL-6 circulates at 
high levels in the bloodstream. Adipose tissue generates up to 25-30% of circulating 
IL-6. IL-6 tissue expression and serum levels increase with increasing adiposity and 
decrease in response to diet-induced weight loss (32). Moreover, IL-6-deficient rodents 
develop obesity, mainly owing to lack of central IL-6 action, whereas intracerebroven- 
tricular administration of IL-6 decreases body fat (33). More importantly, IL-6 levels in 
the CNS correlate inversely with sc and total body fat in overweight and obese humans, 
suggesting a relative deficiency of IL-6 centrally in obesity (34). Thus, increased pro- 
duction of IL-6 by the adipose tissue of obese subjects may represent a compensatory 
mechanism attempting to limit obesity, but increased expression of this cytokine in adi- 
pose tissue, especially visceral adipose tissue (35), leads to insulin-signaling defects 
and thus insulin resistance (35,36). Therefore, plasma IL-6 concentrations predict the 
development of type 2 diabetes and cardiovascular disease (CVD) (7). 

Similar to IL-6, TNF-a causes lipolysis and inhibits adipogenesis (37). Initially sus- 
pected to play a role in cachexia (because it has been shown to be identical to cachexin, 
a factor secreted by macrophages in vitro), TNF-oc is now implicated in the pathogenesis 
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of obesity and insulin resistance by impairing insulin signaling. This effect is mediated 
directly by activation of a serine kinase that increases serine phosphorylation of insulin 
receptor substrate-1 (IRS-1) and insulin receptor substrate-2 (IRS-2), thus making them 
poor substrates for insulin receptor kinases and increasing their degradation. TNF-t~ 
also acts indirectly by increasing serum FFAs, which induce insulin resistance per se in 
multiple tissues (7). Increased TNF-~ expression in obese humans and animals has 
been proposed to reflect a defective compensatory autocrine/paracrine mechanism to 
limit obesity (37), because increased TNF-ot expression also leads to insulin resistance 
(37). Thus, both cytokines play a role in inflammation and obesity-mediated insulin 
resistance, and we have recently shown that soluble TNF-tx receptor levels, a marker of 
activation of the TNF-ot system, also predict cardiovascular disease in patients with 
diabetes (unpublished observations) (38). 

Macrophages and Monocyte Chemoattractant Protein-1 
Monocyte chemoattractant protein-1 (MCP-1) is a chemokine that recruits mono- 

cytes to the site of inflammation and is expressed in adipocytes and stromavascular 
cells in the adipose tissue. MCP-1 may contribute to insulin resistance, either directly 
by decreasing insulin-stimulated glucose uptake and insulin-induced insulin receptor 
phosphorylation, or indirectly through inflammatory factors secreted by the activated 
macrophages (TNF-ct and IL-6) (7). 

Adiponectin 
Adiponectin, a 247 amino acid protein produced exclusively by adipocytes, circu- 

lates in tightly associated trimers and higher-order oligomers (39-42). Eight adiponectin 
isoforms, each having a variable potency (42), bind and activate at least two adiponectin 
receptors, which, in turn, alter the phosphorylation state of 5 adenosine monophosphate- 
(AMP) kinase (42,43). Adiponectin receptor 1 (AdipoR1), which is expressed ubiqui- 
tously, but most abundantly in skeletal muscle, has a high affinity for globular 
adiponectin and a very low affinity for full-length adiponectin, whereas adiponectin 
receptor 2 (AdipoR2), which is found predominantly in the liver, has an intermediate 
affinity for both forms (44). 

Adiponectin decreases with increasing overall and central adiposity (40,45), and 
increases with long-term weight reduction (46). Studies in rodents have revealed that 
peripheral administration of adiponectin increases FFA oxidation and glucose uptake and 
regulates EE, thus reducing body weight and visceral adiposity without affecting food 
intake (47,48). In addition, accumulating evidence indicates that adiponectin regulates 
insulin sensitivity (44,49-52). Adiponectin levels are low in states of insulin resistance 
and, conversely, levels are higher in a state of improved insulin sensitivity, such as after 
weight reduction or treatment with insulin-sensitizing drugs, such as thiazolidindiones 
(42). In addition to its insulin-sensitizing effects, adiponectin exerts potent antiinflamma- 
tory (53) and atheroprotective effects (54,55). Within the vascular wall, adiponectin 
inhibits monocyte adhesion and macrophage transformation to foam cells, and it also 
increases nitric oxide (NO) production in endothelial cells, thus promoting vasodilatation 
and stimulating angiogenesis (7,23). AdipoR1, which has a higher affinity for globular 
adiponectin, is more abundant in endothelial cells. One of the major signaling effects of 
adiponectin in the endothelial cells is activation of the AMP kinase, which, in turn, acti- 
vates endothelial NO synthase (eNOS) and enhances NO production, eNOS activation is 
also dependent on signaling through Akt kinase (Akt) and its upstream mediator PI-3K. 



Nutrients and Peripherally Secreted Molecules 75 

Adiponectin 

~ Receptor / 
R I > R 2  /..... ....... • o i%Oas'erI _ 

............... 
kinase ~ "'0 

angiogenesls 

M a'K 

proliferation 

Fig. 3. Multiple potential signaling pathways for adiponectin. 

Both eNOS and Akt activation contribute to the effects of adiponectin on angiogenesis. 
Another potential mechanism is inhibition from adiponectin of oxidized low-density 
lipoprotein (oxLDL)-induced superoxide production (ROS), possibly through inhibition 
of cellular nicotinamide adenine dinucleotide phosphate (NADPH) oxidase activity. 
Consequently, reduced ROS generation may enhance NO production (by ameliorating 
the suppression of eNOS activity by ROS) and diminish cell proliferation (by blocking 
oxLDL-induced MAPK activation) (23) (Fig. 3). 

Resistin 
Resistin, a recently identified 114 amino acid protein with a 20 amino acid signal 

sequence, is almost exclusively expressed in white adipose tissue, and especially in vis- 
ceral vs sc adipose tissue. Resistin is secreted as a 94 amino acid polypeptide with 11 
cysteine residues (56) and circulates as a dimer (18). Initial animal and in vitro studies 
demonstrated that administration of recombinant resistin impairs glucose and lipid 
metabolism (56,57), but these initial findings were challenged by subsequent observa- 
tions in mice (58,59), and a null association between circulating resistin and insulin 
resistance in humans (60,61). More recent data indicate that resistin may act to negate 
leptin's and adiponectin's effect to induce MAPK phosphorylation and regulate metab- 
olism in obese mice (62), but these data have not been independently confirmed. Our 
data in mice reveal no evidence of an association between resistin and insulin resist- 
ance (60,63). Whether resistin influences obesity either directly or by altering glucose 
and insulin levels, and/or whether resistin plays a direct or indirect role in inflammation 
associated with obesity (64,65) warrants further investigation. 

Plasminogen Activator Inhibitor-1 

Plasminogen activor inhibitor-1 (PAI-1), a primary inhibitor of fibrinolysis, is also 
secreted by adipocytes, and its secretion is greater by the visceral than by sc adipose 
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tissue. Plasma PAI-1 levels are elevated in obesity and the insulin resistance syndrome 
and predict future risk for type 2 diabetes and CVD (7). 

Acylation-Stimulating Protein 
Acylation-stimulating protein (ASP), a complement protein, is a 76 amino acid pro- 

tein composed of three components: complement factor C, factor B, and adipsin (com- 
plement factor D). Some studies in humans indicate that ASP positively correlates with 
fat mass, insulin resistance, dyslipidemia, and CVD (66). ASP affects both lipid and 
glucose metabolism (1) by promoting fatty acid uptake in the adipose tissue and triglyc- 
eride synthesis by increasing the activity of diacylglycerol (DAG) acyltransferase, (2) by 
decreasing lypolysis and the release of FFAs from adipocytes, and (3) by increasing 
glucose transport into adipocytes (7). Thus, some studies suggest that fasting ASP level 
may be predictive of postprandial triglyceride and FFA clearance in humans (67). 
Further studies are needed, however, to elucidate fully the understanding of the produc- 
tion, regulation, and physiological role of ASP in humans. 

Proteins of Renin Angiotensin System 
Proteins of the renin angiotensin system (RAS), which include renin, angiotensino- 

gen (AGT), AGT I, AGT II, AGT receptor type 1 (AT1) and type 2 (AT2), and 
angiotensin-converting enzyme (ACE), are expressed in the adipose tissue as well, with 
their expression directly correlated with adipose mass and are higher in the visceral 
compared to sc compartment. Adipose tissue AGT expression is decreased by fasting 
and increased by refeeding, a fact reflected also in corresponding changes in blood 
pressure. The effects of the activation of RAS (increase in vascular tone, aldosterone 
secretion, and, consequently, sodium and water retention) indicate that the adipose tis- 
sue RAS could be a potential link between obesity and hypertension (7). 

Enzymes Involved in Metabolism of Steroid Hormones 
Intracellular levels of glucocorticoids may also regulate fat metabolism and the meta- 

bolic syndrome. 11 ~-hydroxysteroid dehydrogenase type 1 (11 ~-HSD 1) is an enzyme 
expressed in adipose tissue, liver, and pancreas that catalyzes the activation of cortisone 
into cortisol in humans and 11-dehydrocorticosterone into corticosterone, the active 
metabolite in mice. Mice overexpressing 1 II3-HSD1 have increased levels of corticos- 
terone, visceral obesity, insulin resistance, and hyperlipidemia (68). By contrast, 1 l~- 
HSDl-deficient mice have decreased gluconeogenesis during stress and on exposure to 
high-fat diets and have a diabetes-resistant phenotype (69). In human idiopathic obe- 
sity, 11[3-HSD1 expression and activity are increased in adipose tissue and are corre- 
lated with total and regional adiposity. In addition, 1 I~-HSD1 inhibitors (such as 
carbenoxolone) improve insulin sensitivity and glycemic control, as well as decrease 
visceral adiposity and overall obesity in humans, suggesting a potential therapeutic role 
of these agents (70). 

Adipose tissue expresses aromatase, an important enzyme for transforming 
androstenedione into estrone and testosterone into estradiol. Consequently, adipose tis- 
sue is the most important source of estrogens in postmenopansal women. The rate of 
conversion of androstenedione into estrone increases with age and body mass index 
and also affects body fat distribution. Aromatase-deficient mice have increased visceral 
adiposity, insulin resistance, dyslipidemia, and hepatic steatosis (71). 
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Peroxisome Proliferator-Activated Receptor Y 
PPAR 7, a nuclear receptor involved in the regulation of adipocyte differentiation, has 

recently become a target in the treatment of type 2 diabetes, hyperlipidemia, inflammation, 
and malignancy (72). Administration of high-affinity PPAR 7 ligands, such as thiazolidine- 
diones, increases fat mass, whereas specific single-nucleotide polymorphisms of PPAR 7 
have been associated with protection from obesity and insulin resistance on exposure to 
high-fat diets, as well as decreased triglyceride content throughout the body (72). 

ENDOCRINE PANCREAS 

The most important hormone regulating energy homeostasis is insulin. Insulin, a 51 
amino acid hormone composed of two peptide chains linked together by two disulfide 
bonds, is secreted from pancreatic l]-cells and acts by binding to and activating a het- 
erotetrameric glycoprotein insulin receptor expressed on the plasma membrane of 
almost all cells. Insulin binding results in tyrosine phosphorylation of the insulin 
receptor and initiation of intracellular signaling via subsequent phosphorylation and 
activation of IRSs and other molecules that regulate key cellular activities, including 
gene expression; glucose uptake and oxidation; and synthesis of glycogen, triglyc- 
erides, and protein (73). 

Insulin-binding sites have been identified in key areas of food intake control, such as 
the arcuate nucleus (ARC) in the hypothalamus (74), and intracerebroventricular infu- 
sion of insulin dramatically decreases food intake and body weight in animals (75). By 
contrast, neuron-specific insulin receptor knockout (KO) mice demonstrate increased 
food intake, body weight, and adiposity, suggesting that insulin, similar to leptin, plays 
a key role in regulating energy balance (76, 77). Animal models of diet-induced obesity 
and leptin resistance are also characterized by insulin resistance and reduced insulin 
transport into the brain, suggesting that in addition to defective leptin transport and lep- 
tin resistance, weight gain and increased food intake may be owing to decreased central 
insulin levels (78). Moreover, changes in nutrient availability and body weight induce 
adaptive responses in feeding behavior and in metabolic processes and promote weight 
gain and insulin resistance (79). Thus, insulin resistance is also regarded as a maladap- 
tive response to increased nutrient availability (see Nutrients section). 

Insulin, similar to leptin, circulates in levels proportional to the degree of adiposity 
(80), which may serve to increase central insulin levels and/or to overcome impaired 
insulin-mediated intracellular signaling (73). Finally, negative regulators of both leptin 
and insulin signal transduction, such as inhibitors of protein tyrosine phosphatase 1B, 
may provide opportunities for the treatment of both obesity and insulin resistance (81). 

GASTROINTESTINAL SIGNALS 

Gut signals also regulate energy balance. Of the many GI tract-generated molecules, 
we focus herein on those newly discovered and considered to be the most important, 
ghrelin, peptide YY (PYY), glucagon-like peptide 1 (GLP1) and oxyntomodulin, 
bombesin like peptides, cholecystokinin (CCK), and gastric inhibitory peptide (GIP). 

Ghrelin 
Ghrelin, a 28 amino acid peptide with a labile octanoyl fatty acid side chain at the 

serine residue three, is mainly expressed in enterochromaffin cells in the mucosa of 
the stomach fundus (82). In addition to being a potent GH secretagogue (82), ghrelin 
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increases food intake and decreases fat utilization (83-85). Ghrelin is unique because 
it is the only gut hormone that stimulates food intake. In healthy humans, ghrelin lev- 
els rise before meals (83) and in response to diet-induced weight loss (86) and fall 
acutely after feeding. This fall is absent or blunted in obese humans (87), a fact that 
has been proposed to contribute to the development of their obesity. By contrast, 
obese patients who undergo gastric bypass surgery have decreased ghrelin levels, 
which could contribute to maintaining decreased weight after bypass surgery (86). 
Furthermore, recent data on humans have demonstrated an inverse and independent- 
of-adiposity correlation between ghrelin and leptin, but no regulation of ghrelin by 
administration of leptin over a short-term period of a few hours to a few days (88). 
Whether ghrelin, alone or in concert with leptin, plays an important role in regulating 
energy homeostasis in humans remains to be shown by interventional studies. 

Peptide YY 
Peptide YY (PYY) is a 36 amino acid peptide with a tyrosine residue at both C- and 

N-terminals (89), that is secreted from the L-cells of the small and large bowel (90). 
PYY has structural homology with and belongs to the same peptide family as pancreatic 
polypeptide and neuropeptide Y (NPY), a potent central orexigenic peptide (91). Unlike 
ghrelin, which signals energy insufficiency and stimulates food intake, PYY inhibits 
food intake through a gut-hypothalamic pathway that involves inhibition of NPY via Y2 
receptors in the ARC and the dorsal motor nucleus of the vagus nerve (92). PYY levels 
decrease with fasting and increase rapidly after a meal (93), and peripheral injections of 
PYY to achieve normal postprandial levels decrease food intake and reduce body weight 
in rodents (94). PYY reduces appetite and food intake when administered to obese or 
normal weight subjects, and endogenous levels of PYY may be lower in obese subjects, 
suggesting that a relative PYY deficiency may contribute to the development of obesity 
(95). We have recently found that PYY levels are higher in obese patients after gastric 
bypass surgery (unpublished observation), a fact that may underlie the increased efficacy 
of this procedure in decreasing body weight. Thus, ongoing clinical trials involving the 
administration of PYY are awaited with great anticipation. 

G LP1/Oxy nto modulin 
GLP1, a 30 amino acid hormone (96) with a 50% amino acid homology with pancreatic 

glucagon, and oxyntomodulin, a 37 amino acid peptide, are both secreted by the enteroen- 
docrine L-cells of the small and large intestines in a nutrient-dependent manner (97). 
Although initial interest in GLP1 was fueled by its ability to lower blood glucose levels 
(97) and stimulate islet cell proliferation and neogenesis (98), exogenous GLP1 was also 
found to decrease body weight and adipose tissue mass in rodents (99,100). Moreover, 
mice deficient in dipeptidyl peptidase IV, an inhibitor of GLP1 degradation, are resistant to 
diet-induced obesity and insulin resistance. In contrast, immunoblockade of central GLP1 
with antibodies resulted in increased energy intake. Although GLP1 is presumed to pro- 
duce its anorectic effect by acting centrally, the exact mechanism of its action and its 
potential efficacy in humans have yet to be fully elucidated (97). 

Bombesin-Like Peptides 
Bombesin-like peptides include gastrin-releasing peptide (GRP), which is processed 

into the smaller peptides GRPl_27 and GRP18_27, and neuromedin B (NMB), which is 



Nutrients and Peripherally Secreted Molecules 79 

processed into NMB 1-32 and NMB23_32. These peptides are released from the GI tract 
in response to food intake, and result in decreased food intake (101) and duration of 
feeding (102,103) by binding to a G protein-coupled receptor (104) that signals infor- 
mation on energy intake to the brain (101,105). These receptors are widely expressed 
both in the GI tract and centrally, and bombesin receptor 3 KO mice display hyperpha- 
gia, mild obesity, diabetes, and hypertension. 

Cholecystokinin 
CCK is a peptide with several isoforms ranging in size from 4 to 83 amino acids, 

that is released by the duodenum and jejunum in response to food ingestion (106) and 
stimulates pancreatic enzyme secretion, gallbladder contraction, intestinal motility 
(107), as well as gastric distension and slowing of gastric emptying, which, in turn, 
results in reduced food intake (107,108). CCK acts via specific receptors to cause ter- 
mination of an individual meal (109-111). CCK receptor antagonists increase food 
intake in rodents (112), and peripheral administration of CCK reduces food intake 
acutely in animals and humans (107), but may also lead to a compensatory increase in 
daily meal number and thus results in little weight loss. 

Gastric Inhibitory Peptide 
GIP, a peptide secreted by the duodenal K-cells on absorption of fat or glucose, is a 

potent insulin incretin and is oversecreted in the diet-induced mouse model of obesity. 
Mice lacking the GIP receptor are protected from obesity and insulin resistance (113), 
indicating that GIP is implicated in a peripheral, possibly leptin-independent, decrease 
in EE and fat oxidation, rather than an alteration in energy intake. 

NUTRIENTS 

Circulating nutrients (glucose, fatty acids, amino acids) are derived from two main 
sources: exogenous (from food intake) and endogenous (from tissue production such 
as glucose and lipid production by the liver). Fasting and weight loss are associated 
with decreased EE, whereas excess nutrients lead to thermogenic responses. Thus, 
the availability of nutrients can regulate EE. The availability of nutrients can be 
sensed at central sites (hypothalamus), as well as directly in peripheral tissues (such 
as muscle and fat) through nutrient-sensing pathways. The hypothalamus is where 
these signals are integrated and feeding behavior and metabolism are modulated. A 
prolonged period of excess food intake activates nutrient-sensing pathways, which, in 
turn, leads to weight gain and insulin resistance. It also stimulates secretion of insulin 
and leptin, which act to counterregulate weight gain and insulin resistance via their 
hypothalamic receptors by decreasing food intake and production of endogenous 
nutrients and by increasing EE. The hypothalamus can also directly sense nutrients 
via neural nutrient-sensing pathways and trigger counterregulatory neural responses 
to reverse weight gain and insulin resistance, functioning as a true negative feedback 
system. Thus, alteration in the balance in the nutrient-sensing pathways/nutrient- 
activated mechanisms could lead finally to the development of obesity and type 2 
diabetes (79). 

Proposed cellular fuel sensors or nutrient-sensing pathways are now better under- 
stood and are briefly discussed next. 
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Malonyl-CoA Sensor 
The malonyl-CoA sensor is implicated in the switch of oxidation from fatty acids to 

glucose; this molecule is an inhibitor of carnityl-palmitoyl transferase (CPT1), the rate- 
limiting enzyme implicated in long-chain fatty acid (LCFA) oxidation. In the presence 
of high concentrations of glucose and insulin, the accumulation of malonyl-CoA 
inhibits CPT1 and reduces lipid oxidation, favoring lipid storage into triglycerides, thus 
causing insulin resistance in pheripheral tissues. Hypothalamic neurons can also 
directly sense LCFA-CoA. In the hypothalamus, activation of malonyl-CoA triggers 
counterregulatory responses to decrease food intake and glucose production (79). 

Hexosamine Biosynthesis Pathway 
The hexosamine biosynthesis pathway (HBP) is activated by increased glucose 

fluxes. Only 1-3% of incoming glucose enters the HBP after conversion into fructose- 
6-phosphate (Fru-6P) by the enzyme glutamine-fructose-6-phosphate aminotrans- 
ferase (6FAT), which also regulates the flux to this pathway. The final step is 
production of uridine diphosphate (UDP)-N-acetylglucosamine (GlucNAc), the main 
substrate for protein glycosylation. Glycosylation of the proteins implicated in the 
multiple sites of insulin-signaling cascade induces insulin resistance by decreasing 
tyrosine phosphorylation of the IRS proteins. This, in turn, decreases insulin action 
on glucose transport, metabolism, and gene expression. Not only glucose but also 
FFAs can influence the activation of HBP. FFAs can inhibit the entry of Fru-6P into 
the glycolytic pathway and therefore cause a shunt of Fru-6P toward the HBP. Short- 
term overfeeding with a high-fat diet induces increased fluxes into the HBP and 
increases the levels of UDP-GlucNAc in skeletal muscle. Activation of HBP decreases 
EE and leptin expression, suggesting a role for this pathway in the regulation of 
energy balance. 

Protein Kinase C 
An Increase in plasma FFAs elevates the cytosolic concentration of LCFA-CoA and 

increases triglycerides and DAG synthesis. DAG activates protein kinase C, in both 
muscle and liver, which induces serine phosphorylation and reduces tyrosine phospho- 
rylation of the IRS-1 and inhibits activation of PI-3k, thus promoting insulin resist- 
ance (114). 

Mammalian Target of Rapamycine Kinase 

Mammalian target of rapamycine (roTOR) kinase is an evolutionary very well- 
conserved kinase that integrates signals from nutrients (amino acids and energy) and 
growth factors to regulate both cell growth and cell-cycle progression. The bacterially 
derived drug rapamycin (sirolimus), a Food and Drug Administration-approved 
immunosuppressive and cardiology drug, specifically inhibits TOR, resulting in 
reduced cell growth, reduced rate of cell-cycle progression, and reduced rate of prolif- 
eration (115). The main downstream effector of the mTOR kinase, the ribosomal pro- 
tein $6 kinase 1 (S6K1), is also activated by amino acids and growth factors. Mice with 
genetically ablated S6K1 are protected against age- and high-fat diet-induced obesity 
while enhancing insulin sensitivity (116). EE is increased in these mice, by increasing 
thermogenesis, lipolysis, and oxygen consumption. At a molecular level, mitochondrial 
density is increased in muscle and adipose tissue, as is the expression of genes critical 
for mitochondrial function, fatty acid oxidation, and enhanced insulin signaling at both 
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receptor and postreceptor levels. Conversely, enhanced S6K1 activity, under the 
condition of nutrient excess, is linked to insulin resistance by negatively regulating 
insulin signaling (116,117). 

AMP-Activated Protein Kinase 
AMP-activated protein kinase (AMPK) is an important energy and nutrient sensor, 

activated by leptin, adiponectin, and exercise, that has beneficial effects on insulin resist- 
ance. It decreases the activation of mTOR and S6K1 and modulates expression of prolif- 
erator-activated receptor coactivator 1 (PGC-1) (117). AMPK functions also as an energy 
and nutrient sensor in the hypothalamus. Via central actions, and probably by inhibiting 
AMPK, glucose can modulate food intake as well as peripheral insulin sensitivity (22). 

Modulation of Gene Expression 
Direct modulation of gene expression by nutrients is also a potential mechanism. 

All these pathways converge finally to decrease expression of PGC-1 a and ~, key 
coactivators of PPAR~, PPAR7, and PPARS, leading to mitochondrial dysfunction and 
reduced EE, all of which enhance the risk for obesity and insulin resistance (117). 

CONCLUSIONS 

Recent developments in basic research are elucidating the mechanisms responsible for 
energy homeostasis and are expected to lead to the development of new treatment options 
for obesity and related disorders, thus offering tangible benefits to the increasing percent- 
age of the population striving to control their body weight and prevent comorbidities. 
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I N T R O D U C T I O N  

The growing epidemic of obesity, a disease state emerging from an imbalance 
between energy intake and energy expenditure (EL), has recently attracted the attention 
of many researchers, leading to efforts to investigate and characterize the mechanisms 
underlying energy homeostasis. As a result, there has been an explosion of research in 
the area and the discovery of an ever-increasing number of molecules, that play an 
active role in normal physiology and pathophysiology. 

Friedman's discovery of leptin in 1994 conceptualized a model of communication 
between peripheral endocrine organs and the central nervous system (CNS) in the 
control of energy homeostasis. The investigation of leptin signaling, along with the 
study of other recently discovered hormones such as ghrelin and PYY-(36), has led 
to the identification and study of a distinct group of centrally expressed neuropep- 
tides, that integrate several signals from the periphery in response to changing nutri- 
tional states (Fig. 1). 

The purpose of this chapter is to summarize the current understanding of the cen- 
tral pathways regulating energy homeostasis. Its focus lies mainly on central neu- 
ropeptides and their regulation by peripheral hormones and dietary nutrients, the 
latter discussed only sparingly in the context of integration and subsequent regulation 
of energy balance. 
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Fig. 1. Central integration of peripheral signals in regulation of energy homeostasis: ARC, arcuate 
nucleus; VMN, ventromedial nucleus; DMN, dorsomedial nucleus; PVN, paraventricular nucleus; 
LHA, lateral hypothalamus; LPB, lateral parabrachial nucleus; DRN, dorsal reticular nucleus; TRH, 
thyrotropin-releasing hormone; OXY, oxytocin; AVP, vasopressin; NTS, nucleus tractus solitarius; 
GLP-1/2, glucagon-like peptide 1/2; GIP, gastric inhibitory peptide; TNFa, tumor necrosis factor 
alpha; IL-6, interleukin 6; NA, noradrenaline; (+), orexigenic effect; (-), anorexigenic effect; (?), 
unknown effect. (Adapted from ref. 1.) 

AFFERENT CNS SIGNALS CONVEYING N U T R I T I O N A L  STATUS 

The afferent signals to the brain conveying information regarding nutrient availability, 
or lack thereof, can be classified into three distinct types: endocrine, metabolic, and neural. 
Hormones are released from peripheral endocrine organs, such as the pancreas (insulin), 
intestine (cholecystokinin [CCK]), white adipose tissue (leptin), and stomach (ghrelin), 
and their levels in the bloodstream fluctuate in response to changing levels of energy avail- 
ability. These hormones convey information on the energy status of the organism to the 
CNS by binding to receptors specific to each hormone strategically located throughout 
widespread neuronal subpopulations, principally within the hypothalamic nuclei. These 
receptor-ligand interactions are followed by the downstream stimulation or inhibition of 
discrete neural centers, which ultimately modulate the energy balance in response to the 
initiating signal. As discussed subsequently, the central effectors of peripheral signaling 
have been divided into orexigenic (energy intake promoting) and anorexigenic (energy 
intake restricting). In addition to peripheral regulation, these centers exert stimulatory 
and/or inhibitory effects on each other through numerous redundant interconnections. 
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The metabolic influence on central energy homeostasis is similar to that of the 
endocrine factors just discussed. Hypothalamic neurons express surface enzymes (1) 
and ion channels (2,3) that also act as direct sensors of nutrient availability and further 
activate intracellular second-messenger pathways to appropriate a response. The most 
extensively studied nutrients are carbohydrates and lipids, and research on carbohy- 
drate metabolism has revealed that declining blood glucose levels activate the orexi- 
genic group of neurons, whereas elevated postprandial glucose levels activate the 
anorexigenic group. A detailed discussion of the role of nutrients in energy homeosta- 
sis is presented in Chapter 4. 

Neural afferent signals from the periphery travel mainly via the vagus nerve, which 
densely innervates the gastrointestinal tract. During the process of food ingestion, these 
neurons are activated by a combination of mechanical factors (e.g., luminal distention) 
(4) and peripheral hormones (e.g., CCK) (5). Afferents relay information to the nucleus 
tractus solitarius, located centrally in the medulla oblongata, and carry out the short- 
term regulation of feeding. 

N E U R O A N A T O M I C  STRUCTURES MEDIATING 
ENERGY HOMEOSTASIS  

The current understanding of the energy homeostasis model ascribes a central role to 
the hypothalamus in the integration of peripheral signals (6). Within the hypothalamus, 
the arcuate nucleus (ARC) is a major site of energy signal integration; it is considered 
to be the key sensor of peripheral energy input and has been described as the "primum 
movens of metabolism regulation" (7). This theory of central importance, although 
under considerable debate, is based on the anterior location of the ARC in relation to 
the other hypothalamic nuclei, which makes the ARC the area first encountered and 
activated by circulating signals (7); the immediate surroundings of the ARC not being 
shielded by the blood-brain barrier and allowing unrestricted access to afferent inputs 
(7); and, finally, the two subpopulations of neurons colocated in this nucleus with 
opposing actions on energy homeostasis (7) (discussed below). 

The paraventricular nucleus (PVN), the lateral hypothalamus-perifornical area, and 
the ventromedial and dorsomedial nuclei are the other main hypothalamic areas identi- 
fied as effectors of peripheral information (8,9). These structures are divided into two 
categories. The lateral hypothalamus-perifornical area constitutes the orexigenic limb, 
whereas the ventromedial, dorsomedial, and paraventricular nuclei comprise the 
anorexigenic division of the hypothalamus. The connections between these two areas 
are not only abundant, but are highly redundant as well. During a positive energy bal- 
ance, neurochemical signaling inhibits orexigenic centers and activates anorexigenic 
centers, whereas during negative energy states the opposite occurs. In accordance with 
this agonist-antagonist model and the redundant regulation, it is important to note that 
the entire mechanism underlying energy homeostasis is redundantly and reciprocally 
controlled at several levels of execution, and not solely in the CNS. 

In addition to the hypothalamus, the brain stem appears to have an important role in 
the signal integration of energy availability (10). Several sensors of nutrient intake and 
expenditure, as well as receptors of peripheral hormones, including leptin and insulin, 
have been identified throughout the caudal brain stem (7). These findings, coupled with 
the presence of energy-modulating neuropeptides in brain stem neurons, highlight this 
structure's role in the regulation of energy homeostasis (7). 
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CENTRAL NEUROPEPTIDES REGULATING ENERGY BALANCE 

As discussed, the CNS structures responsible for regulating energy homeostasis 
mediate their effects through the release of specific neuropeptides. For the sake of clarity, 
we have grouped these peptides into orexigenic and anorexigenic subcategories and 
presented then separately. However, it must be mentioned that they act in a combined 
manner, either synergistically or antagonistically. 

Orexigenie Pathways 
Several orexigenic neuropeptides have been identified, the most important being 

neuropeptide Y (NPY), agouti-related protein (AgRP), melanin-concentrating hormone 
(MCH), orexin, and galanin (GAL). These neuropeptides are expressed centrally and 
integrate peripheral signals to reduce EE and/or increase energy intake. 

NEUROPEPTIDE Y 

NPY is a 36 amino acid peptide expressed throughout the CNS, but especially in 
hypothalamic nuclei and the locus ceruleus of the brain stem (11). NPY, considered to 
be one of the most potent orexigenic signals, is colocalized with AgRP in the ARC 
(12,13) and mediates its effects via six known NPY receptors, but regulation of feeding 
is mainly attributed to NPY1 and NPY5 receptors found in the PVN (14). 

A state of negative energy balance results in increased levels of NPY (15). Conversely, 
a positive energy balance, associated with increased leptin and insulin levels, results in 
decreased NPY levels (16). Similarly, peptide YY (PYY) inhibits NPY expression in 
the ARC via the Y2 receptor (17), whereas ghrelin increases the expression of NPY and 
AgRP in the ARC (18). Furthermore, regulation of NPY by peripheral hormones has 
been demonstrated with the administration of corticosterone (CORT), a glucoregula- 
tory adrenal steroid released in energy-deficient states, which binds to surface gluco- 
corticoid type II receptors, increasing NPY gene expression and, thus, NPY-induced 
feeding (19-22). 

In addition to hormonal regulation, dietary nutrients, most notably glucose, may also 
exert a regulatory effect on NPY. The increase in NPY expression observed in rats during 
states of hypoglycemia with normal circulating triglyceride and leptin levels demonstrates 
the potential regulation of NPY by glucose (23-25). Furthermore, it establishes the role of 
NPY in initiating spontaneous feeding when preprandial glucose levels drop (26,27). 

Central administration of NPY increases food intake and lipogenesis as well as 
decreases energy expenditure and sympathetic outflow to brown adipose tissue (12,28). 
Interestingly, NPY knockout (KO) mice have a normal phenotype and feeding behavior 
(29), with the exception of an attenuated feeding response to fasting (30), indicating 
that the system responsible for energy homeostasis is not dependent on any single hor- 
mone but, rather, has built-in redundancy. 

AGOUTI-RELATED PROTEIN 

AgRP is a 132 amino acid peptide primarily coexpressed with NPY in the ARC 
(12,31,32). Together, these two peptides constitute the orexigenic limb of the central 
melanocortin system. AgRP mediates its effects mainly by blocking t~-melanocyte-stim- 
ulating harmone (t~-MSH) (a potent anorexigenic peptide; discussed later) from binding 
to MC4R and MC3R in the brain (12). Central administration of AgRP in rodents 
increases feeding and body weight (33,34). AgRP also affects energy expenditure and 
thermogenesis via the thyrotropin-releasing hormone system, such that exogenous 
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AgRP in rats results in a decreased thyroid-stimulating hormone and total levorotatory 
thyroxine simulating the hypothyroid state present during fasting (35). The hormonal 
and dietary regulation of AgRP closely parallels that of NPY. Rising leptin and insulin 
levels decrease AgRP expression, whereas the reverse is observed with increased ghre- 
lin and CORT levels (36-38). Similar to NPY, declining carbohydrate stores and hypo- 
glycemia result in increased expression of AgRP (39). 

AgRP and NPY potentiate each other's effect on feeding behavior (40). Together, 
these neuropeptides comprise a redundant system of energy homeostasis aimed at 
replenishing and maintaining adequate nutrient stores in a negative energy balance. 
This redundancy could explain the minor alterations in feeding behavior observed in 
AgRP-deficient mice (29). Furthermore, it is suggested that these neuropeptides are not 
tonically active, because NPY and AgRP double KO mice do not become obese when 
nutrients are administered in a controlled fashion (41). 

MELANIN-CONCENTRATING HORMONE 

MCH is a cyclic 19 amino acid peptide produced in the lateral hypothalamus (LHA) 
and the zona incerta. MCH mediates its effects via G protein-coupled receptors 
(GPCRs) called the melanin-concentrating hormone receptor 1 (MCH1-R) and MCH2-R 
(12,42). Similar to the peptides of the ARC, MCH levels increase during fasting and 
decrease with rising leptin levels. However, in contrast to the former peptides, insulin is 
a stimulator of MCH (43) whereas ghrelin does not influence its expression to a signif- 
icant extent (44). Additionally, it is declining fatty acid levels, rather than glucose, that 
result in increased expression of MCH (45,46). 

Central administration of MCH causes hyperphagia (47), whereas MCH KO mice 
and mice with bilateral lesions of the LHA have reduced weight and are lean owing to 
hypophagia (12), and possibly increased EE (42). Mice with targeted disruption of 
MCH1-R display excessive feeding, hyperactivity, increased metabolic rate, and resist- 
ance to diet-induced obesity (48). This resistance to weight gain in the setting of hyper- 
phagia suggests that MCH may promote a positive energy balance mainly by decreasing 
activity and EE, rather than by increasing nutrient intake. 

OREXINS 

The orexins (also known as hypocretins) are neuropeptides found in the lateral hypo- 
thalamus and perifornical area and are processed into orexin A, a 33 amino acid pep- 
tide, and orexin B, a 28 amino acid peptide (12). Similar to NPY and AgRP, orexins are 
stimulated by a negative energy balance and by rising levels of glucocorticoids and 
ghrelin (40,49-54). However, in contrast to the former, insulin also exerts a stimulatory 
effect on the expression of orexin mRNA (55,56). Furthermore, leptin does not signifi- 
cantly regulate orexin levels, with obesity and hyperphagia (hyperleptinemic states) 
actually being associated with increased levels of these neuropeptides (49,57-60). The 
considerable rise in orexin mRNA observed in response to declining blood sugar and 
the subsequent stimulating effects of orexins on locomotor activity and searching 
behavior suggest a role in hypothalamic arousal (49,55,61-63). 

GALANIN 

GAL is a 29 amino acid peptide expressed in the hypothalamus, primarily in the para- 
ventricular and ARC nuclei, as well as the LHA and perifornical area (64). Two receptors 
(GALR1, GALR2) mediating the effects of this peptide have been identified throughout 
the hypothalamus (64-67). The regulation of GAL from peripheral endocrine signals 
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markedly differs from that of NPY and AgRP (22,68-72). Similarly, declining glucose 
levels fail to elicit changes in GAL mRNA expression (73). However, GAL levels have 
been found to increase in the PVN in response to high-fat diets (74-77). Exogenous 
administration of GAL stimulates feeding behavior, as well as decreases energy expen- 
diture and sympathetic nervous system (SNS) activity (78). Interestingly, this response 
is blunted significantly when fats are eliminated from the diet (22, 74, 75, 79, 80). These 
observations suggest that GAL has a role in regulating carbohydrate metabolism in the 
setting of a high-fat diet (81), but further research into the pathophysiological role of 
this peptide is needed. 

Anorexigenic Pathways 
Signals of a positive energy balance are integrated centrally via anorexigenc neu- 

ropeptides, including a-MSH, cocaine- and amphetamine-regulated transcript (CART), 
GAL-like peptide (GALP), the corticotropin-releasing hormone (CRH) family of pep- 
tides, serotonin, ~-adrenergic receptors (~-ARs) and dopamine (DA). 

MELANOCORTINS 

Melanocortins, the main central signal of energy abundance, are peptides cleaved from 
proopiomelanocortin ([POMC]; the anorexigenic limb of the central melanocortin system) 
and subsequently processed to yield the 13 amino acid peptide a-MSH and the 12 amino 
acid peptide y-MSH (82). Melanocortins mediate their effects via five GPCRs (MCR) 
expressed throughout the body. MC3R, expressed in many areas of the CNS and in several 
peripheral sites, and MC4R, expressed mostly in the CNS (83), are the receptors most rel- 
evant to energy regulation. Peripheral signals of energy abundance, such as insulin and 
leptin (84,85), act mainly in the ARC of the hypothalamus to increase the expression of 
POMC and, thus, the secretion of a-MSH (86,87), which, in turn, activates MC3R and 
MC4R to decrease energy intake and increase EE (88). In contrast to the orexigenic pep- 
tides, dietary nutrients exert no regulatory control over POMC expression (89-91). 

MC4R KO mice are obese and MC4R antagonists administered centrally decrease 
food intake dramatically (82). MC3R KO mice have reduced lean body mass and 
increased fat mass, despite hypophagia and normal metabolic rates (92). Furthermore, 
several MC4R mutations have been identified in obese humans (93,94), accounting for 
approx 5 % of morbid obesity in children (95, 96), usually presenting with severe obesity, 
increased height, fat mass, and hyperinsulinemia; but normal lipid and gonadotropin 
levels (95). Melanocortin agonists reduce both food intake and body weight in several 
mouse models of obesity (88,97), and their role in humans is being evaluated in ongoing 
trials. 

COCAINE- AND AMPHETAMINE-REGULATED TRANSCRIPT 

CART is a 116 amino acid anorexigenic neuropeptide mainly expressed in the ARC, 
LHA, and paraventricular nuclei (98). CART expression increases in response to ele- 
vated levels of leptin, insulin, and glucocorticoids (99). Irrespective of leptin levels, 
high-fat diets also exert a stimulatory effect on CART mRNA expression. 

Direct intracerebroventricular administration of CART decreases nocturnal, as well 
as fasting-induced food intake in rodents (12). Although no specific receptor has been 
identified to date, there is evidence that neurons synthesizing CART are indirectly 
responsible for the effects of leptin through the innervation of preganglionic sympa- 
thetic neurons in the thoracic spinal cord and, thus, SNS activation (100). CART may 
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also act as a modulator of the rebound thermogenic effect taking place in states of 
hypothermia (101,102). 

GALAN1N-LIKE PEPTIDE 

GALP is a 60 amino acid peptide structurally related to GAL expressed mainly in 
the ARC (103). GALP is a selective agonist of GALR2 (103). In contrast to GAL, 
GALP mRNA levels increase in response to leptin and food restriction (104). Although 
further studies must be conducted to determine the dietary control of this peptide, 
administration of glucose has been shown to increase GALP entry into the brain (10,5). 
Central injection of this hormone results in decreased feeding and body weight (106). 
Additionally, a thermogenic response has been observed following acute administration 
of GALP (107). 

CRH FAMILY OF PEPTIDES 

The CRH family of peptides comprises corticotropin-releasing factor (CRF) and the 
endogenous CRF receptor ligands, the urocortins (108). CRE a 41 amino acid peptide 
primarily expressed in the PVN, is responsible for adrenocorticotropic hormone release 
from the anterior pituitary and subsequent release of CORT from the adrenal glands 
(109,110). CRF mRNA expression is tightly controlled by CORT levels (111,112), 
which are also an important regulator of glucose metabolism. Interventional studies 
have demonstrated that central administration of CRF results in hypophagia, increased 
EE and blood glucose, and decreased insulin secretion (109,113-117). The effects of 
urocortin administration are similar to those of CRF in nature, but are of higher potency 
and longer duration (118-121). These findings indicate that the CRH family of pep- 
tides plays an important role in preserving glycemic balance, while counteracting the 
anorexigenic hormones in a positive energy state. In short, they promote a negative 
energy balance while maintaining tight glycemic control through the effects of adrenal 
steroids. 

SEROTONIN (5-HT) 

Serotonin (5-HT) has an important anorexigenic role by mediating leptin's weight- 
reducing effect (86) and by stimulating POMC neurons to release ~-MSH (122). 5-HT2c 
receptor KO mice have decreased oxygen consumption and increased food intake and 
body weight (86). Several antiobesity drags act by increasing 5-HT receptor signaling. 

~-ADRENERGIC RECEPTORS 

Stimulation of central ~1- or ~2-adrenergic receptors reduces food intake. ~-ARs 
are considered the most important receptors in the adrenergic family for regulation of 
energy expenditure in response to dietary excess. Ablation of all three [3-ARs ([3-less) 
in mice results in obesity, largely due to lower EE, and this effect is enhanced when 
mice are challenged with caloric excess (123). Thus, B-less mice are mildly obese on a 
regular diet, but become massively obese on a high-fat diet. These data are further sup- 
ported by the fact that mutations of ~-ARs are clearly associated with human obesity. 

DOPAMINE 

DA also plays a central role in energy intake, as seen in the abnormal feeding asso- 
ciated with pharmacological depletion and/or genetic disruption of DA synthesis (86). 
Striatal extracellular DA increases with food intake in normal-weight subjects (124), 
but in obese subjects there is reduced brain DA activity, which may predispose them to 
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excessive food intake (124). Further studies are needed to define the specific DA receptor 
isoforms (DrDs)  that will have the most significant weight-reducing effects, while 
avoiding behavioral side effects or addiction. 

CONCLUSIONS 

Peripherally generated signals are integrated in the brain by anorexigenic and orexi- 
genic pathways to regulate energy balance. Notably, almost all peripheral signals acti- 
vate both pathways in opposing directions to generate a complex system of signal 
integration. The mapping of this complex and redundant system has improved the 
understanding of energy homeostasis in normal and diseased states. It is hoped that 
these new insights will lead to effective therapeutics in the near future. 

REFERENCES 

1. Lynch RM, Tompkins LS, Brooks HL, et al. Localization of glucokinase gene expression in the rat 
brain. Diabetes 2000;49(5):693-700. 

2. Akabayashi A, Zaia CT, Silva I, et al. Neuropeptide Y in the arcuate nucleus is modulated by alter- 
ations in glucose utilization. Brain Res 1993;621(2):343-348. 

3. Muroya S, Yada T, Shioda S, Takigawa M. Glucose-sensitive neurons in the rat arcuate nucleus con- 
tain neuropeptide Y. Neuro sci Lett 1999 ;264(1-3 ): 113-116. 

4. Burdyga G, Spiller D, Morris R, et al. Expression of the leptin receptor in rat and human nodose 
ganglion neurones. Neuroscience 2002;109(2):339-347. 

5. Moriarty P, Dimaline R, Thompson DG, Dockray GJ. Characterization of cholecystokininA and 
cholecystokininB receptors expressed by vagal afferent neurons. Neuroscience 1997;79(3):905-913. 

6. Barsh GS, Schwartz MW. Genetic approaches to studying energy balance: perception and integra- 
tion. Nat Rev Genet 2002;3(8):589-600. 

7. Horvath TL, Diano S, Tschop M. Brain circuits regulating energy homeostasis. Neuroscientist 
2004; 10(3):235-246. 

8. Kalra SP, Dube MG, Pu S, et al. Interacting appetite-regulating pathways in the hypothalamic regu- 
lation of body weight. Endocr Rev 1999;20(1):68-100. 

9. Saper CB, Chou TC, Elmquist JK. The need to feed: homeostatic and hedonic control of eating. 
Neuron 2002;36(2): 199-211. 

10. Berthoud HR. Multiple neural systems controlling food intake and body weight. Neurosci Biobehav 
Rev 2002;26(4):393-428. 

11. Allen YS, Adrian TE, Allen JM, et al. Neuropeptide Y distribution in the rat brain. Science 
1983;221(4613):877-879. 

12. Hillebrand JJ, de Wied D, Adan RA. Neuropeptides, food intake and body weight regulation: a 
hypothalamic focus. Peptides 2002;23(12):2283-2306. 

13. Sawchenko PE, Pfeiffer SW. Ultrastructural localization of neuropeptide Y and galanin immunoreac- 
tivity in the paraventricular nucleus of the hypothalamus in the rat. Brain Res 1988;474(2):231-245. 

14. Hu Y, Bloomquist BT, Cornfield LJ, et al. Identification of a novel hypothalamic neuropeptide Y 
receptor associated with feeding behavior. J Biol Chem 1996;271(42):26,315-26,319. 

15. Shiraishi T, Oomura Y, Sasaki K, Wayner MJ. Effects of leptin and orexin-A on food intake and 
feeding related hypothalamic neurons. Physiol Behav 2000;71(3-4):251-261. 

16. Krysiak R, Obuchowicz E, Herman ZS. Interactions between the neuropeptide Y system and the 
hypothalamic-pituitary-adrenal axis. Eur J Endocrinol 1999;140(2):130-136. 

17. Batterham RL, Cowley MA, Small CJ, et al. Gut hormone PYY(3-36) physiologically inhibits food 
intake. Nature 2002;418(6898):650-654. 

18. Nakazato M, Murakami N, Date Y, et al. A role for ghrelin in the central regulation of feeding. 
Nature 2001 ;409(6817): 194--198. 

19. Akabayashi A, Watanabe Y, Wahlestedt C, et al. Hypothalamic neuropeptide Y, its gene expression 
and receptor activity: relation to circulating corticosterone in adrenalectomized rats. Brain Res 
1994;665(2):201-212. 

20. McKibbin PE, Cotton S J, McCarthy HD, Williams G. The effect of dexamethasone on neuropeptide 
Y concentrations in specific hypothalamic regions. Life Sci 1992;51 (16): 1301 - 1307. 



Integration of  Peripheral Signals in Energy Homeostasis 95 

21. Stanley BG, Lanthier D, Chin AS, Leibowitz SE Suppression of neuropeptide Y-elicited eating by 
adrenalectomy or hypophysectomy: reversal with corticosterone. Brain Res 1989;501 (1):32-36. 

22. Tempel DL, Leibowitz SF. Adrenal steroid receptors: interactions with brain neuropeptide systems 
in relation to nutrient intake and metabolism. J Neuroendocrinol 1994;6(5):479-501. 

23. Giraudo SQ, Kotz CM, Grace MK, et al. Rat hypothalamic NPY mRNA and brown fat uncou- 
pling protein mRNA after high-carbohydrate or high-fat diets. Am J Physiol 1994;266(5 Pt 2): 
R1578-R1583. 

24. Wang J, Akabayashi A, Dourmashkin J, et al. Neuropeptide Y in relation to carbohydrate intake, cor- 
ticosterone and dietary obesity. Brain Res 1998;802(1-2):75-88. 

25. Welch CC, Kim EM, Grace MK, et al. Palatability-induced hyperphagia increases hypothalamic 
Dynorphin peptide and mRNA levels. B rain Res 1996 ;721 ( 1-2): 126-131. 

26. Campfield LA, Smith FJ. Blood glucose dynamics and control of meal initiation: a pattern detection 
and recognition theory. Physiol Rev 2003;83(1):25-58. 

27. Campfield LA, Smith FJ, Rosenbaum M, Hirsch J. Human eating: evidence for a physiological basis 
using a modified paradigm. Neurosci Biobehav Rev 1996;20(1): 133-137. 

28. Billington C J, Briggs JE, Grace M, Levine AS. Effects of intracerebroventricular injection of neu- 
ropeptide Y on energy metabolism. Am J Physiol 1991;260(2 Pt 2):R321-R327. 

29. Erickson JC, Clegg KE, Palmiter RD. Sensitivity to leptin and susceptibility to seizures of mice 
lacking neuropeptide Y. Nature 1996;381(6581):415-421. 

30. Bannon AW, Seda J, Carmouche M, et al. Behavioral characterization of neuropeptide Y knockout 
mice. Brain Res 2000;868(1):79-87. 

31. Baskin DG, Hahn TM, Schwartz MW. Leptin sensitive neurons in the hypothalamus. Horm Metab 
Res 1999;31(5):345-350. 

32. Broberger C, Johansen J, Johansson C, et al. The neuropeptide Y/agouti gene-related protein (AGRP) 
brain circuitry in normal, anorectic, and monosodium glutamate-treated mice. Proc Natl Acad Sci 
USA 1998;95(25):15,043-15,048. 

33. Small C J, Kim MS, Stanley SA, et al. Effects of chronic central nervous system administration of 
agouti-related protein in pair-fed animals. Diabetes 2001;50(2):248-254. 

34. Ghilardi N, Ziegler S, Wiestner A, et al. Defective STAT signaling by the leptin receptor in diabetic 
mice. Proc Natl Acad Sci USA 1996;93(13):6231~5235. 

35. Kim MS, Small C J, Stanley SA, et al. The central melanocortin system affects the hypothalamo- 
pituitary thyroid axis and may mediate the effect of leptin. J Clin Invest 2000;105(7):1005-1011. 

36. Chen P, Li C, Haskell-Luevano C, et al. Altered expression of agouti-related protein and its colocal- 
ization with neuropeptide Y in the arcuate nucleus of the hypothalamus during lactation. 
Endocrinology 1999;140(6):2645-2650. 

37. Hahn TM, Breininger JF, Baskin DG, Schwartz MW. Coexpression of Agrp and NPY in fasting-acti- 
vated hypothalamic neurons. Nat Neurosci 1998; 1 (4):271,272. 

38. Mizuno TM, Mobbs CV. Hypothalamic agouti-related protein messenger ribonucleic acid is inhib- 
ited by leptin and stimulated by fasting. Endocrinology 1999; 140(2): 814-817. 

39. Karatayv O, Chang GQ, Davydova Z, Wang J, Leibowitz SE Circulating glucose and relation to 
hypothalamic peptides involved in eating and body weight. Paper presented at the SFN 33rd Annual 
Meeting, New Orleans, November 8-12, 2003. 

40. Wirth MM, Giraudo SQ. Agouti-related protein in the hypothalamic paraventricular nucleus: effect 
on feeding. Peptides 2000;21(9):1369-1375. 

41. Qian S, Chen H, Weingarth D, et al. Neither agouti-related protein nor neuropeptide Y is critically 
required for the regulation of energy homeostasis in mice. Mol Cell Biol 2002;22(14):5027-5035. 

42. Tritos NA, Maratos-Flier E. Two important systems in energy homeostasis: melanocortins and 
melanin-concentrating hormone. Neuropeptides 1999;33(5):339-349. 

43. Bahjaoui-Bouhaddi M, Fellmann D, Griffond B, Bugnon C. Insulin treatment stimulates the rat 
melanin-concentrating hormone-producing neurons. Neuropeptides 1994;27(4):251-258. 

44. Toshinai K, Mondal MS, Nakazato M, et al. Upregulation of Ghrelin expression in the stomach upon 
fasting, insulin-induced hypoglycemia, and leptin administration. Biochem Biophys Res Commun 
2001;281(5):1220-1225. 

45. Sergeev VG, Akmaev IG. Effects of blockers of carbohydrate and lipid metabolism on expression of 
mRNA of some hypothalamic neuropeptides. Bull Exp Biol Med 2000; 130(8):766-768. 

46. Sergeyev V, Broberger C, Gorbatyuk O, Hokfelt T. Effect of 2-mercaptoacetate and 2-deoxy-D-glucose 
administration on the expression of NPY, AGRP, POMC, MCH and hypocretin/orexin in the rat 
hypothalamus. Neuroreport 2000; 11 (1): 117-121. 



96 Shetty et al. 

47. Qu D, Ludwig DS, Gammeltofl S, et al. A role for melanin-concentrating hormone in the central 
regulation of feeding behaviour. Nature 1996; 380(6571): 243-247. 

48. Shimada M, Tritos NA, Lowell BB, et al. Mice lacking melanin-concentrating hormone are 
hypophagic and lean. Nature 1998;396(6712):670-674. 

49. Cai XJ, Widdowson PS, Harrold J, et al. Hypothalamic orexin expression: modulation by blood glu- 
cose and feeding. Diabetes 1999;48(11):2132-2137. 

50. Mondal MS, Nakazato M, Date Y, et al. Widespread distribution of orexin in rat brain and its regu- 
lation upon fasting. Biochem Biophys Res Commun 1999;256(3):495-499. 

51. Sakurai T, Amemiya A, Ishii M, et al. Orexins and orexin receptors: a family of hypothalamic neu- 
ropeptides and G protein-coupled receptors that regulate feeding behavior. Cell 1998;92(5):696,697. 

52. Stricker-Krongrad A, Beck B. Modulation of hypothalamic hypocretin/orexin mRNA expression by 
glucocorticoids. Biochem Biophys Res Commun 2002;296(1): 129-133. 

53. Lawrence CB, Snape AC, Baudoin FM, Luckman SM. Acute central ghrelin and GH secretagogues 
induce feeding and activate brain appetite centers. Endocrinology 2002;143(1): 155-162. 

54. Olszewski PK, Li D, Grace MK, et al. Neural basis of orexigenic effects of ghrelin acting within lat- 
eral hypothalamus. Peptides 2003;24(4):597-602. 

55. Griffond B, Risold PY, Jacquemard C, et al. Insulin-induced hypoglycemia increases preprohypocre- 
tin (orexin) mRNA in the rat lateral hypothalamic area. Neurosci Lett 1999;262(2):77-80. 

56. Moriguchi T, Sakurai T, Nambu T, et al. Neurons containing orexin in the lateral hypothalamic area 
of the adult rat brain are activated by insulin-induced acute hypoglycemia. Neurosci Lett 
1999;264(1-3):101-104. 

57. Beck B, Richy S. Hypothalamic hypocretin/orexin and neuropeptide Y: divergent interaction with 
energy depletion and leptin. Biochem Biophys Res Commun 1999;258(1): 119-122. 

58. Taheri S, Mahmoodi M, Opacka-Juffry J, et al. Distribution and quantification of immunoreactive 
orexin A in rat tissues. FEBS Lett 1999;457(1):157-161. 

59. Wortley KE, Chang GQ, Davydova Z, Leibowitz SE Peptides that regulate food intake: orexin gene 
expression is increased during states of hypertriglyceridemia. Am J Physiol Regul Integr Comp 
Physiol 2003;284(6):R1454-R1465. 

60. Yamamoto Y, Ueta Y, Date Y, et al. Down regulation of the prepro-orexin gene expression in geneti- 
cally obese mice. Brain Res Mol Brain Res 1999;65(1): 14-22. 

61. Briski KP, Sylvester PW. Hypothalamic orexin-A-immunpositive neurons express Fos in response to 
central glucopenia. Neuroreport 2001; 12(3):531-534. 

62. Cai X J, Evans ML, Lister CA, et al. Hypoglycemia activates orexin neurons and selectively increases 
hypothalamic orexin-B levels: responses inhibited by feeding and possibly mediated by the nucleus 
of the solitary tract. Diabetes 2001;50(1): 105-112. 

63. Yamanaka A, Beuckmann CT, Willie JT, et al. Hypothalamic orexin neurons regulate arousal accord- 
ing to energy balance in mice. Neuron 2003;38(5):701-713. 

64. Gundlach AL, Burazin TC, Larm JA. Distribution, regulation and role of hypothalamic galanin sys- 
tems: renewed interest in a pleiotropic peptide family. Clin Exp Pharmacol Physiol 2001;28(1-2): 
100-105. 

65. Leibowitz SF. Brain peptides and obesity: pharmacologic treatment. Obes Res 1995;3(Suppl 4): 
573S-589S. 

66. Tempel DL, Leibowitz SF. Diurnal variations in the feeding responses to norepinephrine, neuropep- 
tide Y and galanin in the PVN. Brain Res Bull 1990;25(6):821-825. 

67. Wynick D, Bacon A. Targeted disruption of galanin: new insights from knock-out studies. 
Neuropeptides 2002;36(2-3): 132-144. 

68. Bergonzelli GE, Pralong FP, Glauser M, et al. Interplay between galanin and leptin in the hypothal- 
amic control of feeding via corticotropin-releasing hormone and neuropeptide Y. Diabetes 
2001 ;50(12 ):2666-2672. 

69. Cheung CC, Hohmann JG, Clifton DK, Steiner RA. Distribution of galanin messenger RNA-expressing 
cells in murine brain and their regulation by leptin in regions of the hypothalamus. Neuroscience 
2001;103(2):423-432. 

70. Seth A, Stanley S, Jethwa P, et al. Galanin-like peptide stimulates the release of gonadotropin-releasing 
hormone in vitro and may mediate the effects of leptin on the hypothalamo-pituitary-gonadal axis. 
Endocrinology 2004; 145(2):743-750. 

71. Akabayashi A, Watanabe Y, Gabriel SM, et al. Hypothalamic galanin-like immunoreactivity and its 
gene expression in relation to circulating corticosterone. Brain Res Mol Brain Res 1994;25(3-4): 
305-312. 



Integration of  Peripheral Signals in Energy Homeostasis 97 

72. Hedlund PB, Koenig JI, Fuxe K. Adrenalectomy alters discrete galanin mRNA levels in the hypo- 
thalamus and mesencephalon of the rat. Neurosci Lett 1994; 170(1):77-82. 

73. Wang J, Akabayashi A, Yu HJ, et al. Hypothalamic galanin: control by signals of fat metabolism. 
Brain Res 1998;804(1):7-20. 

74. Akabayashi A, Koenig JI, Watanabe Y, et al. Galanin-containing neurons in the paraventricular 
nucleus: a neurochemical marker for fat ingestion and body weight gain. Proc Natl Acad Sci USA 
1994;91(22):10,375-10,379. 

75. Leibowitz SF. Hypothalamic galanin, dietary fat, and body fat. In: Bray GA, Ryan DH, eds. 
Nutrition, Genetics, and Obesity. Louisiana State University Press, Baton Rouge, 1999, pp. 338-381. 

76. Leibowitz SF, Akabayashi A, Wang J. Obesity on a high-fat diet: role of hypothalamic gaianin in 
neurons of the anterior paraventricular nucleus projecting to the median eminence. J Neurosci 
1998;18(7):2709-2719. 

77. Odorizzi M, Max JP, Tankosic P, et al. Dietary preferences of Brattleboro rats correlated with an 
overexpression of galanin in the hypothalamus. Eur J Neurosci 1999; 11 (9):3005-3014. 

78. Kyrkouli SE, Stanley BG, Leibowitz SE Galanin: stimulation of feeding induced by medial hypo- 
thalamic injection of this novel peptide. Eur J Pharmacol 1986; 122(1): 159-160. 

79. Barton C, Lin L, York DA, Bray GA. Differential effects of enterostatin, galanin and opioids on 
high-fat diet consumption. Brain Res 1995;702(1-2):55-60. 

80. Nagase H, Nakajima A, Sekihara H, et al. Regulation of feeding behavior, gastric emptying, and sym- 
pathetic nerve activity to interscapular brown adipose tissue by galanin and enterostatin: the involve- 
ment of vagal-central nervous system interactions. J Gastroenterol 2002;37(Suppl 14): 118-127. 

81. Nemeth PM, Rosser BW, Choksi RM, et al. Metabolic response to a high-fat diet in neonatal and 
adult rat muscle. Am J Physiol 1992;262(2 Pt 1):C282-C286. 

82. MacNeil DJ, Howard AD, Guan X, et al. The role of melanocortins in body weight regulation: 
opportunities for the treatment of obesity. Eur J Pharmacol 2002;450(1) :93-109. 

83. Gantz I, Fong TM. The melanocortin system. Am J Physiol Endocrinol Metab 2003;284(3): 
E468-E474. 

84. Cowley MA, Smart JL, Rubinstein M, et al. Leptin activates anorexigenic POMC neurons through a 
neural network in the arcuate nucleus. Nature 2001;411(6836):480-484. 

85. Kieffer TJ, Habener JE The adipoinsular axis: effects of leptin on pancreatic beta-cells. Am J Physiol 
Endocrinol Metab 2000;278(1):El-El4. 

86. Schwartz MW, Woods SC, Porte D Jr, et al. Central nervous system control of food intake. Nature 
2000;404(6778):661-671. 

87. Spiegelman BM, Flier JS. Obesity and the regulation of energy balance. Cell 2001;104(4):531-543. 
88. Pierroz DD, Ziotopoulou M, Ungsunan L, et al. Effects of acute and chronic administration of the 

melanocortin agonist MTII in mice with diet-induced obesity. Diabetes 2002; 51 ( 5 ): 1337-1345. 
89. Clegg DJ, Benoit SC, Air EL, et al. Increased dietary fat attenuates the anorexic effects of intracere- 

broventricular injections of MTII. Endocrinology 2003; 144(7):2941-2946. 
90. Harrold JA, Williams G, Widdowson PS. Changes in hypothalamic agouti-related protein (AGRP), 

but not alpha-MSH or pro-opiomelanocortin concentrations in dietary-obese and food-restricted 
rats. Biochem Biophys Res Commun 1999;258(3):574-577. 

91. Torri C, Pedrazzi P, Leo G, et al. Diet-induced changes in bypothalamic pro-opio-melanocortin 
mRNA in the rat hypothalamus. Peptides 2002;23(6): 1063-1068. 

92. Chen AS, Marsh D J, Trumbauer ME, et al. Inactivation of the mouse melanocortin-3 receptor results 
in increased fat mass and reduced lean body mass. Nat Genet 2000;26(1):97-102. 

93. Yeo GS, Farooqi IS, Aminian S, et al. A frameshift mutation in MC4R associated with dominantly 
inherited human obesity. Nat Genet 1998;20(2):111, 112. 

94. Vaisse C, Clement K, Guy-Grand B, Froguel P. A frameshift mutation in human MC4R is associated 
with a dominant form of obesity. Nat Genet 1998;20(2): 113, 114. 

95. Farooqi IS, Keogh JM, Yeo GS, et al. Clinical spectrum of obesity and mutations in the melanocortin 
4 receptor gene. N Engl J Med 2003;348(12): 1085-1095. 

96. O'Rahilly S, Farooqi IS, Yeo GS, Challis BG. Minireview: human obesity-lessons from monogenic 
disorders. Endocrinology 2003;144(9):3757-3764. 

97. Bluher S, Ziotopoulou M, Bullen JW Jr, et al. Responsiveness to peripherally administered 
melanocortins in lean and obese mice. Diabetes 2004;53(1):82-90. 

98. Hurd YL, Fagergren P. Human cocaine- and amphetamine-regulated transcript (CART) mRNA is 
highly expressed in limbic- and sensory-related brain regions. J Comp Neurol 2000;425(4): 
583-598. 



98 Shetty et al. 

99. Kristensen P, Judge ME, Thim L, et al. Hypothalamic CART is a new anorectic peptide regulated by 
leptin. Nature 1998;393(6680):72-76. 

100. Elias CF, Lee C, Kelly J, et al. Leptin activates hypothalamic CART neurons projecting to the spinal 
cord. Neuron 1998;21(6): 1375-1385. 

101. Savontaus E, Conwell IM, Wardlaw SL. Effects of adrenalectomy on AGRP, POMC, NPY and 
CART gene expression in the basal hypothalamus of fed and fasted rats. Brain Res 2002;958(1): 
130-138. 

102. Vrang N, Larsen PJ, Tang-Christensen M, et al. Hypothalamic cocaine-amphetamine regulated tran- 
script (CART) is regulated by glucocorticoids. Brain Res 2003;965(1-2):45-50. 

103. Larm JA, Gundlach AL. Galanin-like peptide (GALP) mRNA expression is restricted to arcuate 
nucleus of hypothalamus in adult male rat brain. Neuroendocrinology 2000;72(2):67-71. 

104. Jureus A, Cunningham MJ, McClain ME, et al. Galanin-like peptide (GALP) is a target for regula- 
tion by leptin in the hypothalamus of the rat. Endocrinology 2000; 141 (7):2703-2706. 

105. Kastin AJ, Akerstrom V, Hackler L. Food deprivation decreases blood galanin-like peptide and its 
rapid entry into the brain. Neuroendocrinology 2001 ;74(6):423-432. 

106. Krasnow SM, Fraley GS, Schuh SM, et al. A role for galanin-like peptide in the integration of feed- 
ing, body weight regulation, and reproduction in the mouse. Endocrinology 2003; 144(3):813-822. 

107. Lawrence CB, Baudoin FM, Luckman SM. Centrally administered galanin-like peptide modifies 
food intake in the rat: a comparison with galanin. J Neuroendocrinol 2002; 14(11):853-860. 

108. Richard D, Lin Q, Timofeeva E. The corticotropin-releasing factor family of peptides and CRF 
receptors: their roles in the regulation of energy balance. Eur J Pharmacol 2002;440(2-3):189-197. 

109. Richard D, Huang Q, Timofeeva E. The corticotropin-releasing hormone system in the regulation of 
energy balance in obesity. Int J Obes Relat Metab Disord 2000;24(Suppl 2):$36-$39. 

110. Whitnall MH. Regulation of the hypothalamic corticotropin-releasing hormone neurosecretory sys- 
tem. Prog Neurobiol 1993;40(5):573-629. 

111. Cai A, Wise PM. Age-related changes in the diurnal rhythm of CRH gene expression in the paraven- 
tricular nuclei. Am J Physiol 1996;270(2 Pt 1):E238-E243. 

112. Moldow RL, Fischman AJ. Circadian rhythm of corticotropin releasing factor-like immunoreactivity 
in rat hypothalamus. Peptides 1984;5(6):1213-1215. 

113. Arase K, York DA, Shimizu H, et al. Effects of corticotropin-releasing factor on food intake and 
brown adipose tissue thermogenesis in rats. Am J Physiol 1988;255(3 Pt 1):E255-E259. 

114. Egawa M, Yoshimatsu H, Bray GA. Effect of corticotropin releasing hormone and neuropeptide Y 
on electrophysiological activity of sympathetic nerves to interscapular brown adipose tissue. 
Neuroscience 1990;34(3):771-775. 

115. Glowa JR, Barrett JE, Russell J, Gold PW. Effects of corticotropin releasing hormone on appetitive 
behaviors. Peptides 1992;13(3):609-621. 

116. Inui A. Transgenic approach to the study of body weight regulation. Pharmacol Rev 2000;52(1):35-6 1. 
117. Rothwell NJ. Central effects of CRF on metabolism and energy balance. Neurosci Biobehav Rev 

1990; 14(3):263-271. 
118. Currie PJ, Coscina DV, Bishop C, et al. Hypothalamic paraventricular nucleus injections of uro- 

cortin alter food intake and respiratory quotient. Brain Res 2001;916(1-2):222-228. 
119. Krahn DD, Gosnell BA, Levine AS, Morley JE. Behavioral effects of corticotropin-releasing factor: 

localization and characterization of central effects. Brain Res 1988;443(1-2):63-69. 
120. Spina M, Merlo-Pich E, Chan RK, et al. Appetite-suppressing effects of urocortin, a CRF-related 

neuropeptide. Science 1996;273(5281):1561-1564. 
121. Wang C, Mullet MA, Glass MJ, et al. Feeding inhibition by urocortin in the rat hypothalamic par- 

aventricular nucleus. Am J Physiol Regul Integr Comp Physiol 2001;280(2):R473-R480. 
122. Heisler LK, Cowley MA, Kishi T, et al. Central serotonin and melanocortin pathways regulating 

energy homeostasis. Ann N Y Acad Sci 2003 ;994:169-174. 
123. Bachman ES, Dhillon H, Zhang CY, et al. betaAR signaling required for diet-induced thermogene- 

sis and obesity resistance. Science 2002;297(5582):843-845. 
124. Wang GJ, Volkow ND, Fowler JS. The role of dopamine in motivation for food in humans: implica- 

tions for obesity. Expert Opin Ther Targets 2002;6(5):601-609. 



6 Role of Energy Expenditure 
in Regulation of Energy Homeostasis 

Eric S. Bacbman, MD, pw 

CONTENTS 

INTRODUCTION 
COMPONENTS OF EE 
ABNORMAL REGULATION OF EE IN OBESITY 
MECHANISMS THAT MAINTAIN BODY WEIGHT AT A SET POINT 
REGULATION OF EE 
THERMOGENIC TISSUES 
APPROACHES TO TREAT OBESITY VIA MANIPULATION OF EE 
PROSPECTS 
REFERENCES 

I N T R O D U C T I O N  

Obesity has emerged as a major threat to human health. Numerous morbidities are 
associated with obesity, including type 2 diabetes mellitus, which now affects adoles- 
cents in alarming numbers (1). Understanding the pathogenic mechanisms that lead to 
obesity, therefore, represents one of the great challenges to medicine today. Obesity is 
defined arbitrarily as an increase in body fat stores compared to lean body mass and 
can be estimated clinically as a body mass index (BMI) of more than 30 kg/m 2. 
According to the first law of thermodynamics, the total energy of a system plus the sur- 
roundings is constant. Obesity can result, therefore, from a relative increase in energy 
intake (food) compared to energy expenditure (EE) (metabolic rate and digestion). 
Whereas many of the central pathways that regulate food intake are being elucidated, 
much less is known about the regulation of EE and its role in body weight homeostasis. 
Discovery of the fat hormone leptin as part of an "adipostatic" endocrine system of 
body weight regulation has revolutionized our understanding of body weight homeosta- 
sis (2). Figure 1 presents a proposed wiring diagram for the control of EE. 

C O M P O N E N T S  OF EE 

Models that categorize EE into obligatory (basal) and adaptive (facultative) ther- 
mogenesis are useful for discussion but are not mechanistically exclusive. Obligatory 
EE includes all processes that are involved in the maintenance of basic metabolic and 
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Fig. 1. Model for adaptive thermogenesis. Leptin, cold, and diet are sensed by hypothalamic nuclei 
in the brain, which activate descending pathways from the sympathetic nervous system (SNS), and 
these innervate potential thermogenic target tissues, including from left to right white adipose tissue 
(WAT), heart, liver, skeletal muscle, kidney, and brown adipose tissue (BAT). Lipid droplets are 
depicted by white spaces, and mitochondria by black ovals. 
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Fig. 2. Components of EE. The physiological determinants and methods for measurement are given. 
TEF, thermic effect of food; SPA, spontaneous physical activity. (7) 

physiological processes, including the maintenance of ion gradients, muscle tone, 
digestion, and blood flow (standard metabolic rate [SMR]; Fig. 2). Adaptive thermoge- 
nesis includes cold-induced thermogenesis and diet-induced thermogenesis (DIT). As 
an example of the mechanistic overlap between obligatory and adaptive thermogenesis, 
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Fig. 3. Mitochondrial respiration. Reducing equivalents (NADH, FADH2) from glucose and fatty 
acid metabolism donate protons to the electron transport chain in the inner mitochondrial membrane, 
resulting in proton (H) transport and a proton-motive, electrochemical gradient (A~m). The energy 
from the proton gradient can result in ATP synthesis via F0F 1 ATPase, or protons can reenter the 
mitochondrial matrix via specific uncoupling proteins (UCP) or nonspecific pathways, thereby gen- 
erating heat. I, II, III, IV: electron transport complexes; Q: coenzyme Q. 

thyroid hormone (TH) is required for up to 30% of SMR, adaptive increases in TH are 
required for normal cold-induced thermogenesis (3,4). Furthermore, physical activity 
can have long-lasting effects on resting metabolic rate (RMR) (5). Finally, physical 
activity is often considered a separate category, although increased physical activity 
may also elicit stimuli that activate adaptive thermogenesis, such as caloric excess (6). 
Approximate contributions for the various EE components are RMR (70%), physical 
activity (20%), and facultative (10%), with physical activity representing the most vari- 
able component (7). At the cellular level, the majority (approx 90%) of EE in mammals 
derives form oxidative phosphorylation of substrates in mitochondria (8). 

Mitochondrial Metabolism 
Mitochondria are the major source of cellular adenosine triphosphate (ATP). 

Approximately (90%) of cellular metabolism occurs in mitochondria, whereas the other 
10% of mammalian EE is nonmitochondrial, or owing to other oxidases (8). The most 
active mitochondria are characterized by densely packed membrane cristae, and these 
contain abundant membrane proteins involved in oxidative phosphorylation (Fig. 3). 
Metabolic fuels are converted into reducing equivalents (NADH, FADH2), which 
donate electrons to the electron transport chain (Fig. 3). The transfer of electrons 
through the electron transport chain in mitochondria is coupled to proton translocation 
across the inner mitochondrial membrane, mediated by complexes I, III, and IV, and 
creation of an electrochemical proton gradient (Atom). The energy derived from protons 
reentering the matrix can be captured by complex V (adenosine triphosphatase [ATPase]), 
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which catalyzes the phosphorylation of adenosine 5'-diphosphate from inorganic phos- 
phate, forming ATP and water (9). In summary, oxidative phosphorylation is a tightly 
coupled series of reactions that allow cells to efficiently synthesize ATP from metabolic 
fuels. 

The transfer of energy through the electron transport chain in mitochondria presents 
many opportunities for the control of EE. Proton leak across the mitochondrial mem- 
brane, e.g., is a major pathway that regulates EE and has received enormous attention 
for its potential role in regulating EE and body weight. The electrochemical gradient 
across the inner mitochondrial membrane (A~tm; Fig. 3) allows protons to reenter mito- 
chondria through ATPase, as already described, or in a manner that is not coupled 
(uncoupled) to ATP synthesis (10). This can occur via either specific uncoupling pro- 
teins (UCPs) or nonspecific membrane leak. Species differences in EE across a wide 
spectrum of body masses have been shown to relate to differences in proton leak and 
composition of mitochondrial phospholipids (11). The finding that certain tissues, espe- 
cially BAT, possess a unique, inducible UCP that lowers the mitochondrial membrane 
potential has led to great excitement among researchers that such a mechanism regu- 
lates EE and body weight specifically in mammals ([12]; see discussion under Brown 
Adipose Tissue). Altered EE then could theoretically be controlled in numerous ways 
in mitochondria, including changes in UCP levels, changes in UCP activity, or via 
wholesale changes in mitochondrial protein levels, biogenesis, and electron transport 
(13). Defective mitochondrial biogenesis, e.g., has recently been shown to affect EE 
and body weight regulation (14). A high level of respiratory control must be maintained 
in mitochondria, however, in order to preserve ATP levels in the face of greatly varying 
metabolic rates. 

Measuring Metabol ism 
Numerous techniques are available to measure EE (Fig. 2). The most accurate 

method is direct calorimetry, which can be performed either by water immersion or 
closed chamber heat convection. Doubly labeled water ingestion, in which EE can be 
interpolated from the amount of eH2180 ingested and the amount of 2H and 180 released 
as water and CO 2, has been shown to be accurate to within 5% of indirect calorimetry 
(15). As stated, >90% of oxygen consumption arises from mitochondrial metabolism 
(8). Given this fact, and the ease of measuring EE indirectly via O 2 consumption, indi- 
rect calorimetry methods have been widely used. Many indirect calorimeters calculate 
an approximate mass-independent EE by incorporating oxygen consumption (VO2), 
CO 2 production (VCO2), respiratory exchange ratio (RER = VCO2/VO2), and protein 
catabolism according to Weir, whereas other investigators normalize EE to relative tis- 
sue contributions (16,17): 

Weir's Equation (18) 
Energy expenditure (kcal/min) = 3.941 × VO e + 1.106 × VCO 2 - 2.17 × g urinary nitrogen 

Finally, Kleiber has proposed a predictive model to estimate EE across species and among 
organisms of different mass (19): 
Kleiber's Equation (Modified After ref. 20) 

B - M °75 e -Ei/kT 

in which B = metabolic rate, M -- body mass, E i = activation energy, k = Boltzmann's con- 
stant, and T = temperature. The predictive accuracy of these models argue that metabolic 
rate, or EE, represents a similar set of basic biological processes across all living organisms. 
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ABNORMAL REGULATION OF EE IN OBESITY 

Small differences in the ratio of energy intake to EE could result in significant adi- 
pose gain. For example, the current epidemic of obesity could be stabilized by lowering 
food intake by 100 kcal/d, according to one estimate (1). The notoriously high failure 
rate of calorie-restricted diets has led to the concept that powerful homeostatic mecha- 
nisms exist in mammals, which maintain body weight via changes in food intake and 
EE. Whereas there is abundant evidence that increased food intake causes obesity, there 
has been less evidence that decreased EE specifically leads to obesity. For example, com- 
pared to lean subjects, obese patients have increased EE (7). Thus, only relative 
differences in EE might account for predisposition to obesity. Evidence exists both to 
support and refute an important role for defective EE in human obesity. 

Evidence in Support of  a Role for Abnormal EE in Obesity 
Numerous studies support a pathogenic role for reduced EE in the development of 

obesity. Early studies demonstrating large, inferred differences in EE based on self- 
reported food intake compared to body weight gain were later cast into doubt by the 
doubly labeled water technique, proving that patients consistently underestimate food 
intake (15,21,22). Nonetheless, evidence has emerged that lower EE is genetically 
determined and predisposes to obesity. For example, RMR is highly heritable and is 
independent of fat-free mass, age, and sex as a predictor of EE (23). Overfeeding stud- 
ies in monozygotic twins show a high degree of similarity in weight gain between but 
not among twins, arguing strongly that genetic factors play a major role in controlling 
EE (24). In adition, the environment in which twins are raised has little influence over 
eventual BMI in identical twins (25). Finally, direct and indirect measurements of EE 
and respiratory quotient have shown small but measurable differences between obese 
and lean patients, particularly in certain ethnic groups such as Pima Indians (26,27). 
Longitudinal studies have confirmed that differences in EE are associated with a ten- 
dency to develop obesity over a period of years (28). 

Evidence Against a Role for Abnormal EE in Obesity 
Other reports have failed to support the hypothesis that abnormal regulation of 

EE leads to obesity. For example, EE increases linearly with increasing BMI, and, 
thus, increased EE at higher body weight would function to resist further change in 
body weight (7). Indeed, longitudinal follow-up of nondiabetic Pima Indians reveals 
that increased EE accompanies increases in body weight (Fig. 4), even when 
adjusted for body composition (29). Similarly, 5- to 10-yr old children with varying, 
known susceptibility to obesity have similar increases in RMR (30). Furthermore, a 
large number of studies have failed to find obesity-promoting mechanisms to explain 
differences between lean and obese subjects, including SNS nerve activity (31), cat- 
echolamine turnover (32), lipolysis (33), thermic effect of food (7), and THs (34). 
Finally, rare cases of obesity in humans, including Prader-Willi syndrome (35), as 
well as those caused by monogenic mutations in leptin, leptin receptor, and 
melanocortin receptor deficiency are not characterized by noticeable differences in 
EE (36-38). In summary, the hypothesis that relatively low EE contributes to the 
development of obesity has been supported by some but not all studies. It remains 
unclear whether stimulation of EE in humans will be an effective approach for the 
treatment of obesity. 
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Fig. 4. Adjusted changes in EE with increases in body weight among Pima Indians. EE increases lin- 
early with increasing body weight within individuals. (After ref. 30.) 

MECHANISMS THAT MAINTAIN BODY W E I G H T  AT A SET P O I N T  

The very existence of antiobesity mechanisms in mammals has been questioned 
because of the following observations: (1) mammals are more likely to have had to 
adapt evolutionarily to caloric deficit rather than surfeit; (2) almost all obese mammals 
show resistance to high levels of leptin; and (3) numerous, redundant mechanisms exist 
that stimulate food intake (39). The "thrifty gene" hypothesis states that humans are 
predisposed to storing rather than expending calories (40,41). This hypothesis is sup- 
ported by the presence of hyperleptinemia in most obese humans and rodent models, in 
which, despite high leptin levels, obesity develops in a state of leptin resistance. The 
actions of leptin for most humans are thus more likely to be most important in the 
lower physiological range of leptin, as seen in starvation. In fact, leptin has potent effects 
on metabolism in its lower physiological range, which provides the basis for the argu- 
ment that the role of leptin is to signal declining, not increasing, adipose stores (42-46). 

EE and Body Weight Set-Point Alterations 
Energy balance in most humans is regulated with fine precision over a lifetime 

(47), arguing that powerful physiological mechanisms maintain body weight within a 
narrow "set point." One theory proposes that specific thermogenic mechanisms (such 
as DIT) have evolved in mammals to allow consumption of large quantities of low- 
quality diets, e.g., and dissipation of excess EE (48,49). High net consumption of 
nutrient-poor food, e.g., would then allow sufficient amino acids to be obtained. The 
phenomenon of DIT has indeed been demonstrated in BAT (50). Recently, DIT in 
rodents was shown to be a critically important antiobesity mechanism, especially in 
response to caloric excess (51). Likewise, studies in humans support the existence of 
mechanisms that increase EE in response to overfeeding and obesity (24,25,52). Some 
thermogenic mechanisms are now known, including leptin-induced increases in EE that 
regulate adipose tissue selectively (37,53). Other mechanisms that defend human body 
weight set point are demonstrated in under-and overfeeding studies (Fig. 5) (54). Thus, 
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Fig. 5. Physiological changes that accompany weight gain and loss in mammals. PA, physical activ- 
ity. (Adapted from ref. 55.) 

overfeeding human subjects results in increased SNS activity, decreased parasympa- 
thetic nervous system (PNS) activity, and an inferred form of physical activity known 
as nonexercise activity thermogenesis (NEAT) (55). The significance of thermogenic, 
antiobesity mechanisms in humans, in contrast to well-established mechanisms in 
rodents, remains a critical area of question that will greatly influence approaches to 
treating obesity (51). 

REGULATION OF EE 

Physical Activity 
Physical activity is the most variable component of daily EE, ranging from less 

than 100 kcal/d in sedentary adults to thousands of kcal/d in endurance athletes. Physical 
activity has effects on EE both acutely, with large increases in maximal oxygen con- 
sumption, and chronically, via increased mitochondrial proliferation (56). Thus, physical 
activity represents an ideal mechanism to resist obesity in the setting of increased food 
intake. Studies in 540 10-yr-old Pima Indians have indeed shown an inverse relationship 
between physical activity and eventual obesity (30,57). Only 10% of the variability in 
human body weight is estimated to be owing to differences in physical activity, however 
(58), and other studies have shown decreased physical activity but no change in overall 
EE between lean and obese adolescents (59). In humans, sustained weight loss is most 
successful with a combination of decreased food intake and physical activity (60). 
Coordinated physical activity is a complex behavior, however, and is likely to be regu- 
lated by numerous mechanisms in the central nervous system (CNS) that are at present 
poorly understood. Recently, evidence that physical activity is, in fact, a specific, regu- 
lated component of the "adipostatic" system of body weight regulation has emerged. For 
example, mice lacking melanocortin receptor 4, which lies downstream of leptin signal- 
ing, fail to engage in running-wheel behavior in response to increasing adiposity (6). 
Further investigation into the regulation of physical activity as a specific mechanism to 
control body fat stores will clearly be of great importance in the field of obesity. 
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A separate category of physical activity that is related to adiposity is called NEAT. 
Studies of careful overfeeding in lean humans showed that the majority of increased EE 
in response to caloric excess occurs not via increases in thermic effect of food, RMR, 
or coordinated physical activity but, rather, most likely in increased NEAT (55). While 
formally a subclass of physical activity, NEAT includes all tasks of daily living, includ- 
ing posture, fidgeting, and even chewing gum (61). NEAT can be accurately measured 
by sensors in humans and rodents (62). At least a portion of increased EE in hyperthy- 
roidism is attributable to an increase in NEAT (63). Insight into the role and regulation 
of NEAT in human obesity will therefore be critical for the understanding of body 
weight regulation. 

Thyroid Hormone 
The critical role that TH (including levorotatory thyroxine [T4] and trilodothyro- 

nine [T3] ) plays in EE is well documented, although, overall, TH is not believed to 
play a specific role in regulating adiposity. Briefly, T 4 is converted into its more active 
congener, T 3, by deiodinases in tissues. T 3 binds to TH receptors in the nucleus, which 
then alter transcription of numerous genes (64). Approximately 30% of basal thermo- 
genesis is TH mediated, and in mammals, the main function of TH is to maintain tem- 
perature homeostasis (4). Numerous, diverse pathways, anabolic and catabolic, are 
stimulated in response to TH (reviewed in ref. 4). In addition, increased ATP turnover 
and heat production are probably derived from baseline increases in metabolic flux 
through many cellular pathways, such as the maintenance of ion gradients, ion cycling, 
and uncoupling, the sum of which is to increase EE (65). 

The effects of TH on body weight regulation are small, however, when one notes 
that the effects of varying TH doses over a wide range results in a 15% difference in 
EE but little effect on body weight (66). Additional evidence against a specific role for 
TH in adipose-specific EE includes the following: First, a deficiency of TH results in 
only mild obesity and lipid accumulation (67). Second, thyroid dysfunction is not 
associated with many models of obesity that are characterized by low EE. Third, TH 
receptors (TRot and TR[3) are not required for normal body weight regulation (68). 
Finally, THs are normal or elevated in human obesity (34,68). As shown in Fig. 6, low 
TH levels are associated with reduced EE during weight loss and act to resist body 
weight change in obesity (69). In this way, decreased TH in response to dietary restric- 
tion limits the clinical effectiveness of such a lifestyle change. 

Tissue-specific regulation of TH represents a potential mechanism for manipulation 
of EE. It is well known that systemic hyperthyroidism causes increased EE, often result- 
ing in reduced body weight (64), albeit from both adipose and protein tissue depletion 
(70). The mechanisms that mediate body weight loss in response to TH are not fully 
described, however, and may involve multiple pathways including those that are inde- 
pendent of [3-adrenergic stimulation (71). BAT is a major thermogenic tissue in rodents 
and has the capacity to increase thermogenesis via expression of type 2 deiodinase 
(D2), which converts T 4 into T 3 (72). This conversion is under SNS control, results in 
increased T 3 in BAT, and is required for cold-induced adaptive thermogenesis (Fig. 6) 
(3, 73, 74). Failure to induce D2 activity in response to cold is observed in obesity- 
prone, I]-adrenergic receptor ([3AR)-less mice (51). Thus, thermogenesis via uncou- 
pling mechanisms in BAT, and in humans in skeletal muscle, represents a potentially 
important mechanism for increasing EE (65). Loss of function of D2 via gene disrup- 
tion has no demonstrable effect on body weight in mice, however (75). Additionally, 
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lack of TH does not affect body weight, DIT, or biochemical evidence of BAT activation 
in response to high-fat feeding (76). Nonetheless, stimulation of TH receptor-specific 
agonists, possibly in a tissue-specific manner, with ensuing increased EE, represents a 
potential approach for the treatment of obesity. 

SNS and Adrenergic Receptors 
The SNS has a rich history in the scientific literature as a critical regulator of EE 

(77). The origins of the SNS have been mapped to CNS nuclei in the hypothalamus, 
midbrain, and brain stem (78). First-order, leptin-responsive neurons innervate thora- 
columbar sympathetic ganglia, which then synapse in target organs. Postganglionic 
neurons release either norepinephrine (NE) (sympathetic) or acetylcholine (parasympa- 
thetic) from terminals (Figs. 1 and 6) (reviewed in ref. 77). NE and epinephrine stimu- 
late adrenergic receptors of two classes, c~ (ocARs) and I] (]3ARs), based on molecular 
and pharmacological similarity. 13ARs are the most important receptors in the adrenergic 
family for regulation of EE in response to dietary excess (79). A popular model for 
increased EE in response to caloric excess, and resistance to obesity, is shown in Fig. 1. 
This is supported by numerous studies. For example, low SNS activity can be associated 
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with a propensity for future weight gain (77,80). Low SNS activity is also seen in most 
rodent models of obesity, and activation of this pathway by [3AR agonists is effective in 
reducing obesity (81,82). Numerous attempts to perturb SNS function (surgical, chem- 
ical, immunological, genetic) failed to affect body weight, however, and the importance 
of SNS-mediated DIT therefore lacked support (83-86). Ablation of all three [~ARs ([3- 
less) in mice, however, results in obesity that is entirely owing to lower EE, and this 
deficit is magnified when challenged with caloric excess (51). Thus, [~-less mice are 
mildly obese on a regular diet but become massively obese when challenged with a 
high-fat diet. These results are supported by numerous genetic studies in humans, as 
already discussed, which describe mutations in ~ARs that are associated with human 
obesity. The relative contribution of individual tissues to DIT in mammals is not known 
at this time (71, 79). 

Futile Cycles 
Futile cycles represent a potential mechanism for the regulation of EE in mam- 

mals. The earliest work on thermogenic futile cycles came from studies in bumble- 
bees, in which simultaneous activity of phosphofructokinase and fructose bisphosphatase, 
creating no net progression through glycolysis, increases muscle temperature at the 
expense of ATP (87). Calcium cycling can also be thermogenic, as seen in tuna and 
billfish, which use a modified extraocular muscle that can provide heat by ATP- 
dependent calcium cycling between the sarcoplasmic reticulum (SR) and cytosol 
(88). This process involves the o~ ryanodine receptor, which has been reported to 
cause malignant hyperthermia in humans (89,90). Futile cycles have not yet been 
shown to play a significant role in mammalian body weight regulation (91), although 
lipogenic/lipolytic futile cycles are stimulated in WAT in response to peroxisome 
proliferator-activated receptor y (PPART) agonists (92). Potentially important futile 
cycles that regulate body weight via increased EE in mammals include calcium, 
sodium, and proton cycles in cells. Recently, the molecular cloning and demonstra- 
tion of a partially uncoupling, SR calcium ATPase (SERCA I) in mouse BAT raises 
the interesting possibility that calcium cycling contributes to adaptive thermogene- 
sis (93). 

Intermediary Metabolism Genes That Regulate EE and Body Weight 
The roles of leptin and melanocortin-stimulated EE for normal body weight regula- 

tion in humans are not as clear as their role in food intake, possibly owing to the diffi- 
culty in comparing and "normalizing" EE in humans who differ markedly in body mass 
and composition. Increasing evidence is emerging, however, that EE in mammals is 
controlled at numerous rate-limiting and in some cases leptin-mediated steps in glucose 
and fatty acid metabolism (Fig. 7). For example, loss of function of key synthetic enzy- 
matic steps in fatty acid synthesis results in increased EE, reduced body weight, and 
obesity resistance in many rodent models (94-97). In humans, polymorphisms in the 
rate-limiting enzyme for triglyceride synthesis are associated with lean kindreds (98). 
An emerging, central mediator of these critical steps in fatty acid metabolism is adeno- 
sine monophosphate kinase (AMPK). This enzyme is regulated by leptin, and AMPK 
regulates fatty acid synthesis and I]-oxidation of fatty acids via acetyl CoA carboxylase 
(ACCoA) in muscle and the brain, thereby affecting appetite and EE (99,100). The role 
of the leptin-AMPK-fatty acid metabolism pathway in humans remains to be 
confirmed (101). 
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Fig. 7. Metabolic control of EE. Cellular metabolism with respect to glucose and fatty acid oxidation 
is shown. Steps that are required for normal EE and body weight dysregulation, as demonstrated by 
gene disruption studies in rodents, are underlined. Major metabolic processes are denoted by num- 
bers: 1 (glycolysis), 2 (Krebs cycle), 3 (fatty acid synthesis), 4 (lipolysis). ACC, acetyl CoA carboxy- 
lase; ACP, acyl carrier protein; CPT, carnitine palmitoyl transferases; DAG, diacylglycerol; FFA, 
fatty acids; FAS, fatty acid synthase; TCA, tricarboxylic acid cycle. 

THERMOGENIC TISSUES 

Many tissues have the metabolic potential to mediate thermogenesis as a specific 
response to increased body weight and adipose stores. 

Brown Adipose Tissue 
The sine qua non of tissue thermogenesis, BAT, plays a critical role in thermogene- 

sis and body weight regulation in rodents (102) but might not represent an attractive 
target for antiobesity treatment owing to its apparent absence in adult humans (103). 
Originally described as a thermogenic organ in hibernating animals (104), BAT is rec- 
ognized as a specialized form of adipose tissue that is highly thermogenic (Fig. 6). 
Numerous depots of BAT can be found in mice, and this specialized adipose tissue is 
characterized by multilocular lipid droplets, densely packed mitochondria and vascu- 
larity, and the capacity to generate heat when stimulated by catecholamines (Fig. 6) 
(105). Stimulation of lIARs by catecholamines or synthetic 13-agonists markedly stimu- 
lates EE, primarily in BAT (48). High-fat feeding results in marked BAT hypertrophy 
and increased EE, suggesting that BAT plays a role in resisting obesity (48,50). 
Subsequent isolation and cloning of a 32-kDa protein, then-called thermogenin, 
spawned a decade-long search for the function of such proteins (UCPs) that uncouple 
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oxidative phosphorylation and thus have the capacity to produce heat (12). The molec- 
ular pathway that leads to increased EE in BAT is diagrammed in Fig. 6. 

Nonetheless, subsequent studies showed that whereas UCP-1 is required for cold- 
induced thermogenesis (106) and NE-induced thermogenesis in BAT (107), UCP-1 is 
not required for normal body weight regulation (106,108) or NE-induced thermogene- 
sis in WAT (109). Furthermore, there is no evidence that close relatives of UCP-1, 
UCP-2 and UCP-3, are involved in thermogenesis or body weight regulation (110-113). 
The findings of some studies support a role for UCPs in more specialized forms of 
thermogenesis. For example, overexpression of UCP-1 in WAT results in the appear- 
ance of brown adipocytes in WAT depots and obesity resistance (114). In addition, 
overexpression of UCP-3 in mouse skeletal muscle results in hyperphagic, lean mice. 
However, these results have been criticized as being owing to overexpression artifacts 
(115). Thus, a paradox emerges: BAT is necessary for normal body weight regulation, 
but the major thermogenic protein, UCP-1, is not required. This paradox may be solved 
by finding another thermogenic mediator in BAT, or investigating other tissues as poten- 
tial mediators of DIT. 

White Adipose Tissue 
Since the identification of leptin as the afferent limb of an adipostatic feedback loop, 

the understanding of WAT as a critical mediator of mammalian physiology has emerged. 
Via regulation of glucose uptake, lipolysis, response to 13- and ct- adrenergic stimula- 
tion, and release of numerous cytokines (leptin, acylation-stimulating protein, 
adiponectin, resistin) (116), WAT clearly participates actively in many metabolic 
processes (Fig. 6) (117). Furthermore, the metabolic rate of WAT is often cited as neg- 
ligible, despite strong support that significant EE derives from WAT (109,118). This 
can be seen diagrammatically in Fig. 6, with lipolysis and increased free fatty acid 
(FFA) activation of UCP-1 in BAT representing two mechanisms for increased EE. 
Moreover, WAT has a unique physiological capacity for nearly unlimited expansion; a 
review of secreted WAT-specific cytokines, including leptin, adiponectin, resistin, and 
other substances, is provided in ref. 117. WAT can therefore be viewed not only as a 
storage depot, but as an important endocrine organ that integrates afferent metabolic 
information and responds with efferent, secretory products that profoundly affect EE 
and body weight. 

Although there has been only limited evidence in humans that primary defects in 
WAT function contribute to obesity (119,120), WAT represents an important potential 
antiobesity target via increased EE. The process of lipolysis, as shown diagrammatically 
in Fig. 7, causes significant increases in EE (105,109). Stimulation of ~ARs on WAT 
activates signal transduction pathways that result in PKA-induced phosphorylation of 
hormone-sensitive lipase (HSL), translocation of HSL to lipid droplets, and lipolysis 
(105). Stimulation of this pathway indeed has demonstrated that WAT has the capacity 
to develop BAT morphology and function, and that this process accompanies resistance 
to obesity (121). The origin of BAT cells within WAT depots is not known. Cloning of 
the predominant 133AR in WAT led to an ardent search for highly selective agonists that 
would be effective in humans (121). Despite intense effort and proof of concept for 
[3AR-mediated weight loss in primates, ~l-agonists have not been effective in treating 
humans with obesity, probably because of the low abundance of ~3AR in human tissues, 
lack of specificity for the human [33AR, and intolerable side effects. These considera- 
tions have made the use of ~l-agonists for human obesity uncertain (122). 
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LEPTIN 

The discovery of an adipostatic system for body weight regulation, mediated by lep- 
tin, has revolutionized the understanding of body weight regulation. Studies on leptin- 
deficient ob/ob mice revealed that lack of this circulating hormone leads to hyperphagia, 
reduced EE, and massive obesity (123). Successful cloning of the gene whose defect 
leads to this phenotype was a major advance in the field of obesity research (2). Leptin, 
from the Greek word leptos, meaning thin, is released from adipocytes and acts on the 
brain to reduce food intake and increase EE. Leptin treatment depletes body fat specif- 
ically (53), and most obese humans and almost all mouse models of obesity (except 
ob/ob) have elevated levels of leptin in serum consistent with leptin resistance (124). 
Nonetheless, the few leptin-deficient human subjects described recapitulate the response 
to treatment seen in ob/ob mice, albeit mostly via reduced food intake (125). Experimental 
evidence points to both acute and chronic effects of leptin to increase EE, both via acti- 
vation of BAT and increases in SNS firing per se (126,127). Indeed, acute effects of 
leptin include increased catecholamine turnover in BAT (126), increased SNS firing in 
numerous thermogenic tissues (127), and lipolysis (128). The overall magnitude of 
these effects is small, however, given that the effects of leptin treatment on EE and 
body weight are identical to those in acutely pair-fed animals. The acute effects of leptin 
may be important for body weight regulation because leptin prevents the decrease in 
EE that normally accompanies decreased food intake (53). 

Muscle 

Skeletal muscle comprises approx 40% of the body mass in mammals and has the 
capacity for 10-fold increases in EE in response to physical activity. This fact, in addi- 
tion to very close correlations between overall EE and fat-free mass (129), suggests 
that muscle may play an important role in body weight regulation by regulating EE in 
response to caloric excess (130). Indeed, careful measurements of oxygen extraction in 
muscle tissues correlate closely with overall resting EE (130), and a large fraction 
(40%) of epinephrine-induced increases in EE occurs in muscle (131). As in BAT, 
PPAR 7, coactivator-1 (PGC-1) (132) plays a major role in cold-activated changes in EE 
by coactivating numerous factors that result in mitochondrial biogenesis (133) (Fig. 6). 
Surprisingly, transgenic overexpression of PGC-1 does not result in obesity resistance 
despite an increase in mitochondria and oxidative muscle fibers, and improved muscle 
performance (134). Potential mediators of increased EE in skeletal muscle include 
leptin, which stimulates the SNS (mARs); AMPK; and inhibition of acetyl ACCoA, 
leading to increased fat oxidation (99,101). Finally, muscle may be an important ther- 
mogenic tissue via other pathways, such as catecholamine-mediated stimulation of 
~ARs (79). 

Liver 
The liver plays a major role in the metabolism of glucose and fatty acids and, thus, 

has the potential to regulate EE. ACC1 and ACC2 are enzymes that generate malonyl 
CoA, which is a substrate for subsequent fatty acid synthesis and also inhibits entry of 
fatty acids into mitochondria via carnitine palmitoyl transferases. ACC 1 and ACC-2 are 
found abundantly in liver and muscle, and lack of this enzyme results in significant 
increases in EE and obesity resistance (97). The liver also expresses the rate-limiting 
enzyme for the synthesis of monounsaturated fatty acids, stearoyl CoA desaturase 
(SCD). Cohen et al. (135) found this enzyme in a carefully designed screen for genes 
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that are altered by leptin treatment and subsequently discovered that suppression of 
SCD and reduced body weight are associated with increased AMPK activity, reduced 
ACC activity, and increased oxidation of fat in liver (135,136). Thus, the pathway 
shown in Fig. 7 plays an important role in EE and body weight regulation (137). 

APPROACHES TO TREAT OBESITY VIA MANIPULATION OF EE 

The major antiobesity pathways that have been targeted for manipulation of EE 
include mitochondrial uncoupling, activation of the SNS, and TH. With the possible 
exception of the medicines discussed in "Sympathomimetics", none of these has been 
successful in treating human obesity owing to either intolerable side effects or lack of 
efficacy. Efficacy is judged by prevention of further weight gain, 5-10% loss of weight, 
metabolic improvement, and long-term maintenance (138). 

Uncoupling Oxidative Phosphorylation 
Compounds that short-circuit the mitochondrial membrane potential, called uncou- 

plers, preceded the isolation and characterization of endogenous UCPs. These com- 
pounds (2,4-dinitrophenol), which are effective treatments for obesity via their ability 
to increase oxygen consumption, nonetheless fell out of favor owing to a narrow thera- 
peutic window and intolerable side effects (139). Although loss-of-function studies in 
mice do not demonstrate an important role for uncoupling in general for body weight 
regulation and EE, gain-of-function approaches to increasing uncoupling processes in 
specific tissues remain a viable area for investigation. 

Hormones 

LEPTIN 

Leptin is an adipocyte-derived cytokine that stimulates numerous pathways in the 
CNS including weight loss. Exogenous leptin results in a decreased food intake and, 
presumably via the SNS, a modest increase in EE and fat mobilization. The majority of 
obese human patients have elevated leptin levels in serum, however, indicating that there 
is resistance to leptin. The mechanism of leptin resistance has not been established, but 
possibilities include low free leptin levels in serum, decreased transport across the 
blood-brain barrier and lower levels in the hypothalamus, or cellular resistance to leptin- 
receptor-mediated signaling. The effects of exogenous leptin on body weight loss in 
humans are variable across a wide patient population, most likely owing to already high 
leptin levels in obese patients and resistance to its effects (140). The changes in EE owing 
to exogenous leptin are modest, however, and may represent an effect of leptin as just 
described to prevent the lower EE that accompanies caloric restriction. Leptin-deficient 
patients respond dramatically to leptin treatment, although these patients are rare (125,141). 
Rare patients with partial leptin deficiency may respond to exogenous leptin treatment 
(142). Larger prospective double-blind and placebo-controlled clinical trials in obese 
patients have shown only modest, dose-dependent weight loss in patients along with a 
high degree of variability in response (143). 

THYROID HORMONE 

Activation of TH receptor [3 (TR[3) increases metabolic rate and causes weight loss in 
mice and may become a drug target for obesity (144). Subtype-specific compounds that 
are selective for a single TR[3 isoform are potential approaches to making antiobesity 
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compounds (145). The mechanisms for these effects are unclear but may include membrane 
effects, uncoupling of oxidative phosphorylation, and induction of ion cycling (65). 

Sympathomimetics 
Sibutramine is a nonselective NE/serotonin reuptake inhibitor that acts as both an 

appetite suppressant (146) and an activator of SNS activity via the ~3AR (147). 
Sibutramine is currently indicated for the treatment of obesity in the absence of known 
cardiovascular disease and is effective at reducing body weight by 5-10% (148). Dose- 
limiting toxicity and potential side effects include increased heart rate and blood pres- 
sure, Patients should be screened for evidence of underlying atherosclerotic heart 
disease and followed periodically while taking sibutramine. 

Ephedrine is a sympathomimetic agent that increases numerous SNS activity 
responses including heart rate, blood pressure, and basal metabolic rate. The mechanism 
of action of ephedrine is direct activation of adrenergic receptors. Its efficacy is limited 
by cardiovascular side effects and relatively low efficacy in the treatment of obesity, 
although in combination with caffeine shows greater weight loss than placebo (149). Ma 
huang (Ephedra sinica) is an over-the-counter source of ephedrine that has been linked 
to serious adverse cardiovascular consequences owing to unrestricted use (146). 

Nicotine stimulates NE release from sympathetic nerve terminals, resulting in mod- 
est (5%) thermogenesis (150). Smoking cessation may have contributed to the increase 
in the prevalence of obesity owing to withdrawal of nicotine, which acts as both an 
appetite suppressant and a stimulator of therrnogenesis (151,152). 

Caffeine stimulates thermogenesis by inhibiting of adenosine receptors on tissues, 
resulting in increased intracellular cAMP and lipolysis (153). Caffeine may be useful to 
a small extent as a treatment for obesity, especially in combination with other com- 
pounds such as ephedrine or nicotine (150,153). 

A discussion of sympathomimetics would not be complete without mentioning the 
major efforts by numerous groups to synthesize compounds that selectively activate 
I3ARs, increase EE, and effect weight loss. The ability of I3AR agonists to reverse obe- 
sity in rodent models led to great hope that these would become effective treatments in 
humans (82). ~3 agonists, in particular, would seem to be ideal targets, because their 
expression is restricted to adipose tissue and they effectively reduce body weight in 
rodents (105). The potential mechanisms of action of ~-gonists are multiple, including 
increased mitochondrial function and abundance, differentiation of BAT in WAT depots, 
lipolysis, and increased fatty acid oxidation. As already discussed, however, the limited 
expression of 133AR in human tissues, difficulty in synthesizing full agonists for the 
human 133AR, combined with intolerable side effects in humans renders the future of 
~-agonists as effective antiobesity treatments unclear (154,155). 

PROSPECTS 

Numerous pathways that regulate body weight via changes in EE have been eluci- 
dated. Many of these are centrally mediated pathways that alter EE via the SNS and via 
unknown mechanisms in peripheral tissues. Prime candidates for antiobesity drug tar- 
gets include fat oxidation in adipose tissue, muscle, and liver via AMPK-mediated 
mechanisms. In addition, increased mitochondrial respiration, selective uncoupling, 
and futile cycles remain fertile areas for future investigation into the mechanisms that 
control body weight via EE. 
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I N T R O D U C T I O N  

Obesity is diagnosed when the percentage of body fat is high in relation to the lean 
body mass or when the body mass index (BMI) is 30 kg/m 2 or more, and individuals 
with a BMI between 25 and 29.9 kg/m 2 are considered overweight. According to the 
Department of Health and Human Services, 60% of the US population in 2001 was 
either overweight or obese. Such prevalence is much higher among patients with type 2 
diabetes, 80% of whom are either overweight or obese (1,2). The situation is almost 
equally dismal around the globe, including many developing countries, where the 
adverse health consequences of overweight and obesity have begun to replace undernu- 
trition and infection as the main causes of early death and disability (3). 

ASSOCIATION BETWEEN OBESITY AND TYPE 2 DIABETES 

It has been quite clear that the prevalence of type 2 diabetes increases with the 
increasing prevalence of overweight and obesity among different racial and ethnic 
groups (4). Follow-up of middle-aged women in the Nurses' Health Study and of men 
in the Health Professionals Follow-up Study for 10 yr has clearly shown that the risk of 
developing type 2 diabetes is rising in parallel with increasing severity of overweight 
and obesity (5). Interestingly, the risk of developing diabetes starts to increase even 
with modest weight gain (6, 7). It has thus been reported that a period of gradual weight 
gain usually precedes the onset of type 2 diabetes. This observation is evident, e.g., in 
the Pima Indian population, which has a high prevalence of type 2 diabetes. Body 
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weight of Pima Indians has been noted to increase by an average of 30 kg above their 
ideal body weight in the years immediately preceding the diagnosis of diabetes (8). By 
contrast, weight reduction is associated with decreased incidence of type 2 diabetes. In 
the Nurses Health Study, a weight loss of 5 kg or more reduced the risk of developing 
type 2 diabetes by approx 50% (6). This observation was later documented in the 
Diabetes Prevention Program, in which an approximate 7% of weight reduction main- 
tained for an average duration of 2.8 yr was associated with a 58% reduction in the risk 
of developing type 2 diabetes in prediabetic individuals with impaired glucose toler- 
ance (IGT) (9). Weight reduction through increased physical activity or bariatric sur- 
gery also leads to similar results (10,11). Dixon and O'Brien (12) found that an average 
weight reduction of 27 kg 1 yr after laparoscopic adjustable gastric band surgery in a 
group of severely obese patients with type 2 diabetes resulted in remission of diabetes 
in 64% of them and major improvement in glucose control in another 26%. 

Insulin resistance and hyperinsulinemia are often seen in overweight and obese indi- 
viduals and are by far the best predictors of type 2 diabetes. Both conditions are cur- 
rently considered an outcome of the interaction between increased body weight and 
underlying genetic factors. It has also been reported that although the degree of insulin 
sensitivity may be quite similar between the nondiabetic offspring of parents with type 
2 diabetes and the offspring of nondiabetic parents whose body weight is close to the 
ideal weight, insulin sensitivity declines more rapidly with increasing body weight in 
those with a family history of diabetes (13). 

The development of type 2 diabetes in overweight and obese individuals is character- 
ized by progressive deterioration of glucose tolerance over several years. Cross- 
sectional and prospective data suggested that weight gain and abnormal or deficient 
insulin secretion and insulin action together with increased endogenous hepatic glucose 
production underlie this deterioration (14-17). It has also been observed that these 
abnormalities are sequential, with impairments of insulin action and insulin secretion 
occurring earlier during the transition from normal glucose tolerance to IGT and wors- 
ening as an individual moves toward diabetes; the increased endogenous hepatic glu- 
cose production starts only during the late transition from IGT to diabetes (18). These 
findings suggest that intervention(s) to prevent diabetes in high-risk individuals with 
overweight or obesity should start very early, especially in subjects with a positive fam- 
ily history of diabetes among first-degree relatives. 

PATHOGENESIS OF TYPE 2 DIABETES IN OBESITY 

The mechanism through which obesity increases insulin resistance is currently 
thought to be related to the increased circulating free fatty acids (FFAs), altered levels 
of adipocytokines, altered body fat distribution, or a combination of the three. Serum 
FFA levels are frequently high in obese subjects. It has been reported that elevated lev- 
els of FFAs could potentially be the major contributor to peripheral insulin resistance in 
patients with type 2 diabetes mellitus (19,20). Chronically elevated serum FFA levels 
stimulate gluconeogenesis, induce hepatic and muscle insulin resistance, and impair 
insulin secretion in genetically predisposed individuals (21). FFAs also tend to increase 
the accumulation of triglycerides in both liver and skeletal muscle, which correlates 
with the degree of insulin resistance in these tissues (22,23). In addition, since triglyc- 
erides are in a state of constant turnover, their metabolites, such as acyl coenzymes A, 
ceramides, and diacylglycerol, contribute toward both impaired hepatic and peripheral 
insulin action. This sequence of events is frequently called lipotoxicity (24). Accumulating 
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evidence suggests that such lipotoxicity may also be an important contributor to the 
pancreatic I]-cell dysfunction seen in patients with type 2 diabetes (25). 

ROLE OF ADIPOCYTOKINES 

Adipose tissue recently has been recognized as an endocrine organ capable of secret- 
ing a large number of adipocytokines (26). Some of these cytokines are expressed 
almost exclusively in adipose tissue (e.g., leptin, adiponectin, and resistin), whereas 
others are produced by both the adipose tissue and adipose tissue-resident macrophages 
as well as possibly other organs or systems (e.g., tumor necrosis factor-c~ [TNF-~], 
interleukin-6 [IL-6], plasminogen activator inhibitor-1 [PAI-1 ], monocyte chemoattrac- 
tant protein-l). With the exception of adiponectin, which is decreased, all other 
adipokines are increased in overweight and obese individuals. Adiponectin increases 
tissue sensitivity to insulin. Animal studies have shown that a deficiency of adiponectin 
is important in the pathogenesis of insulin resistance (27-30), and adiponectin levels 
have been shown to correlate positively with insulin sensitivity (31,32) in both animals 
and humans. In humans, plasma adiponectin levels are decreased in both obesity and 
type 2 diabetes (33,34). Conversely, it has been shown that a 7% reduction in body 
weight, by a combination of caloric reduction and increased physical activity for 6 mo, 
resulted in a significant increase in plasma adiponectin level in obese type 2 diabetic 
patients with insulin resistance (35). Similar observations have been reported in patients 
after weight reduction by bariatric surgery (36). Recently, it has been assumed that 
increased adiponectin levels may protect against later development of type 2 diabetes 
(37), whereas decreased adiponectin levels may predispose to diabetes independent of 
obesity (37). Finally, adiponectin has anti-inflammatory properties and may also pro- 
tect against development or progression of atherosclerosis (38,39). 

In contrast to adiponectin, TNF-~ is a potent proinflammatory cytokine (40) impli- 
cated in the development of atherosclerosis and possibly insulin resistance and type 2 dia- 
betes. Circulating TNF-o~ levels are increased both in obese individuals without diabetes 
(41) and in type 2 diabetes (42), but the correlation between insulin resistance and plasma 
levels of TNF-o~ is weak in both groups (43). It has been postulated that tissue insulin 
resistance may be more strongly related to the local tissue TNF-~ concentration than to 
its plasma levels and that the circulating levels of TNF receptors may reflect more accu- 
rately the status of activation of the TNF-ot system. Studies in genetically obese animals 
suggest that increased release of TNF-~ from adipocytes may play a major and direct role 
in the impairment of insulin action (44,45). TNF-o~ influences insulin signaling through 
serine phosphorylation of the insulin and insulin receptor substrate-1, thus inhibiting 
insulin action at the organ level through autocrine and paracrine mechanisms (46). 

IL-6 is another important systemic proinflammatory citokine. It regulates hepatic pro- 
duction of C-reactive protein (CRP) and other acute-phase proteins. In animal studies, 
IL-6 has been implicated in the development of insulin resistance in the muscle as well 
as in ~-cell apoptosis (25,47). In humans with type 2 diabetes, IL-6 levels have been 
found to be increased, and to correlate with severity of inflammation, as indicated by the 
serum levels of CRP, as well as glucose intolerance (48,49).The interrelationship 
between the two proinflammatory cytokines TNF-ct and IL-6 is complex, because not 
only does TNF-ct stimulate IL-6 production and consequently CRP production, but IL-6 
also exerts a feedback inhibitory effect on TNF-t~ production (50). Interventions that 
mainly increase IL-6, such as exercise, may have an anti-inflammatory effect through 
suppression of TNF-~, which is one of the major inducers of inflammation (51). 
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Leptin is exclusively expressed in adipose tissue, especially sc fat. It may exert a direct 
effect in metabolically important tissues and/or indirect effects by activating specific cen- 
ters in the hypothalamus to decrease food intake and increase energy expenditure, thus 
influencing glucose and fat metabolism (52). Food intake is reduced by systemic admin- 
istration of leptin in normal-weight animals, but the response is decreased in obese ani- 
mals (53). It has also been found that leptin mRNA content of adipocytes and thus leptin 
production are twice as high in obese vs normal-weight subjects (54). These observations 
suggest that obese persons are insensitive to endogenous leptin production. In addition, 
animal studies have shown that the administration of leptin has an insulin-sensitizing 
effect in muscle cells and adipocytes (55-57). In humans, mutations of the leptin gene 
have been associated with severe obesity, glucose intolerance, and insulin resistance, 
which are reversed by the administration of leptin (58-60). Whether leptin also plays an 
important role in the inflammation associated with type 2 diabetes and atherosclerosis by 
acting directly on macrophages to augment their phagocytic activity and to increase their 
production of other inflammatory cytokines (61,62) remains to be fully elucidated. 

PAl-1 is another cytokine that may link obesity to type 2 diabetes and cardiovascu- 
lar disease. This serine protease inhibits the fibrinolytic cascade. Elevated PAI-1 levels 
cause an imbalance between the thrombotic and fibrinolytic systems, favoring the for- 
mation of microthrombi and accelerating the atherosclerotic process (63). Adipose tis- 
sue is one of the major sources of PAI-1. Obese subjects and those with type 2 diabetes 
have elevated levels of PAI-1 (64,65). It has also been noted that hyperinsulinemia, 
which usually accompanies insulin-resistant states, is a potent stimulus for PAI-1 pro- 
duction by adipose tissue (66,67). 

Resistin is another adipokine that has recently been reported to correlate closely 
with hepatic insulin resistance (68). Recent studies have demonstrated that circulating 
resistin leves and resistin expression in fat cells are increased in type 2 diabetes and 
obesity (69, 70), but it is not yet clear whether high levels of circulating resistin con- 
tribute to insulin resistance, are the result of insulin resistance, or are an innocent 
bystander (71, 72). 

ROLE OF BODY FAT D I S T R I B U T I O N  IN PATHOGENESIS 
OF TYPE 2 DIABETES 

In addition to total body fat content, the pattern of body fat distribution is an impor- 
tant predictor of insulin sensitivity. So far, it is still controversial whether all adipose 
tissue has exactly the same endocrine role or whether its endocrine function is solely 
dependent on its anatomic location. Individuals with upper-body fat accumulation or 
higher visceral fat mass are more insulin resistant than those with a predominantly 
lower-body fat accumulation and more sc fat (73-75). Accurate quantification of body 
fat compartments requires imaging techniques such as magnetic resonance imaging or 
computed tomography, which are too expensive to be routinely used in clinical prac- 
tice. Waist circumference or waist-to-hip ratio (WHR) has been shown to correlate sig- 
nificantly with the visceral fat volume, however. The association between visceral fat 
accumulation and insulin resistance has been attributed to the increased sensitivity of 
visceral fat to lipolytic stimuli. This increases the flux of FFA into the portal and sys- 
temic circulations (76). In contrast to sc fat, visceral fat cells produce excessive amounts 
of proinflammatory adipocytokines such as TNF-ct, IL-6, and PAI-1 and decreased 
amounts of insulin-sensitizing adipocytokines such as adiponectin (77-79). 
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As with total body fat, the distribution of body fat between visceral and sc compart- 
ments has a significant genetic basis (80). Recent evidence indicates that there may be 
several loci determining the propensity to store fat in the abdominal region (81). 
Differences in gene expression of visceral fat compared with sc fat may account for the 
differences in metabolic risk between the two fat depots. Of the 1660 genes that are 
expressed in adipose tissue, 297 (17.9%) have shown a twofold or higher difference in 
their expression between the visceral fat and sc fat. Many of these genes are involved in 
glucose homeostasis and insulin action (peroxisomei proliferator-activated receptor 11, 
insulin-like growth factor binding protein-3, insulin-like growth factor-1, GLUT1), or 
in lipid metabolism (HMG-CoA synthase, hormone-sensitive lipase). Gonadal steroids 
may also play a major role in the distribution of body fat. At the onset of puberty, men 
become more muscular and have less fat, whereas women start to have a higher per- 
centage of body fat in relation to their muscle mass. These differences persist through- 
out life and are reflected in the typical male and female fat distribution. With advancing 
age, both gonadal steroid and growth hormone (GH) secretion decline, resulting in 
increased accumulation of visceral fat, particularly in men. In women, higher serum 
testosterone concentrations are usually associated with increased visceral fat. Thus, the 
decline in GH and the loss of estrogen at the time of menopause may explain the rela- 
tively rapid increase in visceral fat in postmenopausal women. 

Organ-specific deposition of fat is a predictor of insulin resistance. Increased 
intramyocellular triglyceride content correlates closely with muscle insulin resistance 
and is a better predictor of impaired insulin action than visceral adiposity (82,83). 
Intrahepatic fat accumulation is also associated with hepatic insulin resistance (84,85). 
Inherited forms of lipodystrophy in humans are characterized by selective loss of sc 
and visceral fat and are associated with metabolic abnormalities such as hyperglycemia, 
insulin resistance, and dyslipidemia. Insufficient adipose tissue mass leads to excessive 
storage of ingested fat in skeletal muscle and liver and the development of severe insulin 
resistance in these organs (86). Replacement therapy with leptin mobilizes fat out of 
the liver and muscle, leading to dramatic improvements in hepatic and muscle sensitiv- 
ity to insulin as well as improved glycemic control (87). Surgical transplantation of adi- 
pose tissue in lipodystrophic animals resulted in mobilization of fat out of the liver and 
muscle. This fat mobilization was found to be associated with improvement in insulin 
sensitivity in these organs and normalization of glucose intolerance (88). Conversely, 
surgical removal of adipose tissue in normal glucose-tolerant hamsters resulted in fat 
accumulation in liver and muscle, insulin resistance, and glucose intolerance (87). 

Finally, differences in adipose tissue cellularity have also been suggested as a possi- 
ble link between obesity and diabetes. It has been shown that obese people with a large 
sc abdominal adipocyte size are on average more hyperinsulinemic and glucose intoler- 
ant than those with a similar degree of adiposity but with a relatively smaller sc abdom- 
inal adipocyte size (88). 
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DIAGNOSING AND SCREENING FOR OBESITY 

Obesity is a disease state that has reached epidemic proportions, with increasing 
prevalence and serious health care consequences; therefore, it is important to diagnose 
and evaluate it properly. In this first part of the chapter, we present criteria for the diag- 
nosis of overweight and obesity and evaluation of the obese and overweight patient and 
emphasize the importance of determining the specific type of obesity and the possible 
presence of other risk factors in obese individuals. We also review obesity-screening 
recommendations and rationale. 

Introduction 
Obesity is a chronic disease state characterized by an excessive accumulation of fat. 

Obesity should be differentiated from increased body weight, because lean but very 
muscular individuals may be classified as overweight by arbitrary standards without 
actually having increased adiposity (1). Obesity is closely associated with an overlap- 
ping group of disease states including insulin resistance syndrome (IRS) and type 2 
diabetes (Fig. 1). Moreover, obesity increases the risk of developing several comorbidities, 
including type 2 diabetes, hypertension, dyslipidemia, cardiovascular disease (CVD), 
arthritis, sleep apnea, and some tumors (2). 

Def ini t ion and  Classification 
The current clinical definition of obesity, as defined by expert committees, is based 

on body mass index (BMI), which is simply derived by dividing weight by height 
squared. A BMI of 30 kg/m 2 or more is diagnostic for obesity and a BMI greater than 
25 kg/m 2 is diagnostic for overweight in adults (3). However, in children, this criteria 
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Metabolic Syndrome 

Obesity 

Fig. 1. Overlapping aspects of metabolic syndrome. By applying the prevalence estimates from 
NHANES III to the US population for the year 2000, it was found that approx 47 million (Mi) peo- 
ple in the United States had metabolic syndrome (86), and 38.8 million American adults met the clas- 
sification of obesity, defined as having a BMI >30 kg/m 2. According to NHANES III, an estimated 
16.7 Mi persons age >20 yr had diagnosed and undiagnosed diabetes and 12.3 Mi persons age >20 yr 
had IFG (pre-diabetes) (112). 

cannot apply, because BMI must be adjusted for age and sex. Therefore, obesity in chil- 
dren is defined as a BMI greater than the 95th percentile for age and sex (Fig. 2) and/or 
as weight-for-height measurement greater than 120% of expected (4). Criteria for defin- 
ing obesity in pregnant women are currently not very clear, but guidelines of weight 
gain during pregnancy according to weight before pregnancy have been published (5,6) 
(Table 1). Pregnant obese women are at increased risk of pregnancy complications (7), 
and, in addition, excessive weight gain during pregnancy is a risk factor for developing 
obesity later. For example, a Swedish study concluded that women who gain more than 
16 kg (35 lb) during pregnancy have a higher risk of becoming overweight or obese 
later in life (8). 

There are several classification schemes for obesity (Table 2). According to the first 
criterion and the definition just mentioned, BMI is used not only to identify obesity 
classes, but also to assess the risk of morbidity and mortality. According to the second 
criterion, body fat distribution (i.e., android vs gynoid type of obesity) is also important, 
because increased central adiposity is associated with increased morbidity and mortality. 
Finally, a classification of obesity according to its etiology is also commonly used, as 
illustrated in Table 2. 

Methods for Estimating Body Fat and Body Fat Distribution 
IDEAL BODY WEIGHT 

"Ideal body weight" (IBW) (9) corresponds to the weight associated with the lowest 
mortality rate (10). According to insurance company calculations (Metropolitan Life 
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Fig. 2. Body mass index (BMI) for age and sex. The following percentile cutoff points have been 
established to identify overweight and obesity in children: overweight if BMI for age is >85th per- 
centile to <95th percentile and obesity if BMI for age is >95th percentile. (CDC growth charts are 
available at www.cdc.gov/nchs/howto.htm.) 

Table 1 
Recommended Total Weight Gain in Pregnant Woman by 

Prepregnancy BMI a 

BMI (kg/m 2) Recommended total gain (kg) 

<19.8 12.5-18 
19.8-26.0 11.5-16 
26.0-29.0 7-11.5 
>29.0 >6.0 

aAdolescents and African-American women should strive for gains 
at the upper end of the recommended range. Short women (<1.57 cm) 
should strive for gains at the lower end of the range. (Adapted from 
refs. 5 and 6.) 

tables available at www.metlife.com/Lifeadvice/Tools/Heightnweight),  the highest life 
expectancy is achieved by maintaining weights at the level of  the ideal Broca value 
minus 10% in males, and minus 15% in females. 

IBW using the Broca method is calculated in kilograms by subtracting 100 from the 
subject's height in centimeters: Weight (in kg) = Height (in cm) - 100 _ 15% for 
women, and Weight (in kg) = (Height (in cm) - 100 _ 10% for men. This index has 
been criticized as being not specific enough and too simple. Men, short people, and older 
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Table 2 
Classification of Obesity Using Different Criteria a 

A. BMI  (kg/m 2) 

Health risk adjusted 
Health risk for presence of 

BMI ranges Classes based on BMI comorbid conditions 

18-24.9 Normal Minimal Low 
25.0-29.9 Overweight Low Moderate 
30.0-34.9 Obesity class I High Very high 
35.0-39.9 Obesity class II Very high Extremely high 
40 or greater Obesity class III Extremely high Extremely high 

B. WC or W/H ratio 

WC > 102 cm (40 in.); W/H > 0.95 (males) 
WC > 88 cm (35 in.); W/H > 0.85 (females) 
WC < 102 cm (40 in.); W/H < 0.95 (males) 
WC < 88 cm (35 in.); W/H < 0.85 (females) 

Android/abdominal/apple-shaped obesity 

Gynoid/pelvic/pear-shaped obesity 

C. Etiology 

Simple obesity 

Endocrine 

Disorders involving the hypothalamus 
Genetic 

Drug induced 

Dietary 
Sedentary lifestyle 
Cushing syndrome 
Hypothyroidism 
Insulinoma 
GH deficiency 
Injuries, infections, tumors, infiltrative disorders 
Prader-Willi-Labhart syndrome 
Laurance-Moon-Bardet-Biedl syndrome 
Babinski-Frohlich syndrome 
Psedo-Frohlich syndrome 
Ahlstrom syndrome 
Carpenter syndrome 
Cohen syndrome 
Biemond syndrome 
Antipsychotics 
Antidepressants 
Lithium 
Antiepileptics 
Insulin, sulfonylureas, thiazolidinediones 
Contraceptives 
Corticosteroids 
[~- and m-blockers 

aThe risk of associated disease according to BMI was adapted from ref 113. 

people are evaluated too severely and women, tall people, and younger people too 
leniently, whereas the formula cannot be used for children at all. Another similar 
method commonly used to calculate the ideal weight of a patient (_+10%) is by using 
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Table 3 
Summary of USPSTF Recommendations and Description of Classification 

of USPSTF Recommendations a 

Grade Summary of USPSTF recommendations 

B The USPSTF recommends that clinicians screen all adult patients for obesity and 
offer intensive counseling and behavioral interventions to promote sustained weight 
loss for obese adults. 

I The USPSTF concludes that the evidence is insufficient to recommend for or 
against the use of moderate- or low-intensity counseling together with behavioral 
interventions to promote sustained weight loss in obese adults. 

I The USPSTF concludes that the evidence is insufficient to recommend for or 
against the use of counseling of any intensity and behavioral interventions to 
promote sustained weight loss in overweight adults. 

Grade Classification of USPSTF recommendations 

A 

B 

C 

D 

The USPSTF strongly recommends that clinicians routinely provide [the service] b 
to eligible patients. The USPSTF found good evidence that [the service] improves 
important health outcomes and concludes that benefits substantially outweigh 
harms. 
The USPSTF recommends that clinicians routinely provide [the service] to eligible 
patients. The USPSTF found at least fair evidence that [the service] improves 
important health outcomes and concludes that benefits outweigh harms. 
The USPSTF makes no recommendation for or against routine provision of [the 
service]. The USPSTF found at least fair evidence that [the service] can improve 
health outcomes but concludes that the balance of benefits and harms is too close to 
justify a general recommendation. 
The USPSTF recommmmends against routinely providing [the service] to 
asymptomatic patients. The USPSTF found at least fair evidence that [the service] 
is ineffective or that harms outweigh benefits. 
The USPSTF concludes that the evidence is insufficient to recommend for or 
against routinely providing [the service]. Evidence that [the service] is effective is 
lacking, of poor quality, or conflicting and the balance of benefits and harms cannot 
be determined. 

aAdapted from ref. 24. 
bin this case, [the service] refers to screening adults for obesity and providing counseling and behavioral 

interventions. 

the Lorentz 's formula: IBW = (Height in cm - 100) - (Height in cm - 150)/4 for men, 
and IBW = (Height in cm - 100) - (Height in cm - 150)/2.5 for women. 

BODY MASS INDEX 

BMI is currently the most commonly  used method internationally to express weight 
in relation to body height for clinical purposes. It is calculated using the following for- 
mula: Body  weight (kg) divided by body height squared (m) = kg/m 2 or BMI = weight 
(kg)/height 2 (m) or BMI = weight (lb) × 704/height squared (in.). 

Tables for the calculation of  BMI  (see Table 3 in Chapter  26) and special nomo-  
grams that help in calculating BMI are also available (Fig. 3). In adults age 18 yr and 
older, BMI should range between 18.5 and 25 kg/m 2. BMI is used differently in children 
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Fig. 3. Nomogram for determining BMI. To use this nomogram, place a ruler or other straight edge 
between the body weight (without clothes) in kilograms or pounds located on the left-hand line and 
the height (without shoes) in centimeters or inches located on the right-hand line. BMI is read from 
the middle of the scale and is in metric units. (Copyright 1978, George A. Bray, MD. Used with 
permission.) 

than in adults. Because children's body fatness changes over the years as they grow, 
BMI is age, gender, and ethnicity specific in children (11,12). This is why BMI for 
children is also referred to as BMI for age. Reference data for BMI in children have 
been published (13-15), and percentile cutoff points have been established to identify 
overweight and obesity in children (Fig. 2). 

BMI is only an indirect correlation of the amount of body fat but, at the same time, 
the easiest and most practical one. Its drawbacks are that it can overestimate fat in mus- 
cular or athletic individuals and that it can underestimate fat in individuals who have 
lost body muscle, such as in the elderly and sedentary people. 

The current practical use of BMI as an index of obesity is based on the observed 
associations between increasing BMI and health risks including mortality, rather than 
association between BMI and body composit ion per se. More specifically, large- 
scale epidemiological  studies have established that there is a strong association 
between BMI and mortality (16,17), which is continuous and curvilinear (18). These 
curves became steeper at a cutoff value of  approx 30, and this is why this BMI value 
is recognized internationally as a threshold for obesity in both men and women, while 
severe obesity is defined as a BMI greater than 40 kg/m 2. Overweight is a term used for 
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individuals having a BMI between 25 and 29.9 kg/m 2. Adjusted BMI for fat distribu- 
tion and other comorbid conditions (see Table 5 in Chapter 26) is a newer and prob- 
ably better tool to estimate the risk of morbidity and mortality. A clinical association 
of comorbidities and a BMI over certain threshold values increases health risk to the 
next level (Table 2) (2,3). 

WAIST CIRCUMFERENCE AND WAIST-TO-HIP RATIO 

Waist circumference (WC) has become the most widely used measure of regional fat 
distribution and has largely replaced the waist-to-hip (W/H) circumference ratio 
because it is much easier to measure. WC is measured at the midpoint between the 
lower border of the rib cage and the upper border of the pelvis. A WC >102 cm (40 in.) 
and a W/H ratio >0.95 in men or a WC >88 cm (35 in.) and a W/H ratio >0.85 in women 
indicates android, central, or abdominal type of obesity, which provides a substantially 
increased risk of metabolic complications and other comorbidities over that of the 
gynoid or peripheral type (see Diagnosing IRS) (19). 

SKINFOLD THICKNESS 

Anthropometry and growth measurements are the most important components of the 
nutritional assessment in children. The triceps skinfold thickness reflects body fat and 
is widely used in pediatrics because it is very easy to perform. However, it is less accu- 
rate than the measurement of height and weight, and it under/overestimates body fat 
mass by as much as 10% (20). 

OTHER APPROACHES]TECHNIQUES 

If the objective is to measure fat mass directly, several methods, including densitom- 
etry, magnetic resonance imaging, computed tomography, dual energy X-ray absorp- 
tiometry, ultrasounds, and electrical impedance, can be used (21). Because of the costs 
and time limitations associated with their performance, these techniques are reserved 
only for research purposes. 

Evaluation: Clinical and Laboratory 
Information from the past history regarding age at onset and duration of obesity; 

weight gain since age 18; pregnancy history, including weight gain during pregnancy; 
and use of medications that could lead to and cause obesity (e.g., glucocorticoids, 
insulin; see Table 2) is important to obtain. 

At initial clinical examination, the following data should be collected" weight, 
height, BMI, WC, hip circumference, W/H ratio, blood pressure (BP). Physical exami- 
nation can also reveal acanthosis nigricans, which infers insulin resistance; cushingoid 
features; signs of hypothyroidism; growth hormone (GH) deficiency or hypogonadism; 
hirsutism and/or amenorrhea (suggestive of polycystic ovary syndrome [PCOS]); and 
other signs of potential diseases states that are to be ruled out. The work-up of an 
obese patient must also include serum lipid measurements; fasting plasma glucose 
(FPG) (and oral glucose tolerance test [OGTT] if necessary); plasma uric acid; 
thyroid-stimulating hormone and cortisol or other hormone measurements when the 
clinical condition is highly suggestive; sleep apnea studies in morbid obesity, as 
needed. 

Evaluation of obesity class and type based on BMI, WC, and W/H ratio is the next 
step. Bray and colleagues (22,23) recommend that BMI be calculated and then adjusted 
for fat distribution and other comorbidities (e.g., dyslipidemia or hypertension) because 
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the adjusted BMI appears to be a better index to evaluate a patient's risk of morbidity and 
mortality and can be used to guide treatment as well (see Tables 5 and 6 in Chapter 26). 

Screening 
The US Preventive Services Task Force (USPSTF) recommends that clinicians 

screen all adult patients for obesity and subsequently provide counseling and behav- 
ioral interventions in order to promote sustained weight loss for obese adults. This is 
stated as a grade B recommendation (Table 3) (24,25). BMI is the simplest and most 
practical method to screen for obesity, and, thus, according to USPSTE it is also a 
reliable tool for risk assesment owing to overweight and obesity. It is highly reliable, 
and with the aforementioned caveats correlates well with an individual's percentage 
of body fat and subsequent risk of morbidity and mortality (26,27). Despite lack of 
direct evidence that behavioral interventions (diet, exercise, weight reduction) lower 
mortality or morbidity from obesity (see Chapter 26), weight reduction of 5-7% 
body weight reduces insulin resistance and BP and improves dyslipidemia and glu- 
cose metabolism (28). These changes provide indirect evidence for health benefits 
as concluded by USPSTF. In morbid obesity however, accumulating evidence, as 
revealed by a recent meta-analysis, suggests that effective weight loss after surgical 
treatment (bariatric surgery) has been proven to decrease obesity-induced morbidity. 
In this study a substantial majority of patients with diabetes, hyperlipidemia, hyper- 
tension, and obstructive sleep apnea experienced complete resolution or improvement. 
Diabetes was completely resolved in 76.8% of patients and resolved or improved in 
86%. Hyperlipidemia was improved in 70% or more of patients. Hypertension was 
resolved in 61.7% of patients and resolved or improved in 78.5%. Obstructive sleep 
apnea was resolved in 85.7% of patients and was resolved or improved in 83.6% of 
patients (29). 

DIAGNOSING AND SCREENING FOR DIABETES MELLITUS 

Diabetes mellitus is a heterogeneous and multifactorial disorder with serious health 
consequences. Currently, an estimated 18 million persons in the United States and more 
than 150 million globally have diabetes. Because the recommendations for the classifi- 
cation, diagnosis, and screening of diabetes are revised every few years, reflecting new 
information from research and clinical practice, the goal of this part of the chapter is to 
discuss the available diagnostic tests and to present the current diagnostic criteria for 
diabetes mellitus. Screening procedures for type 2 diabetes mellitus are necessary 
because of the well-known association of diabetes with increased morbidity and mor- 
tality from acute and chronic complications and because as many as 50% of the dia- 
betic population remain undiagnosed, at any given time. 

Introduction 
Diabetes mellitus is a metabolic disorder characterized by abnormal carbohydrate, 

fat, and protein metabolism, which is clinically diagnosed on the basis of hyper- 
glycemia. The chronic hyperglycemia of diabetes is associated with long-term compli- 
cations in the eyes, kidneys, nerves, and blood vessels. Depending on the etiology of 
diabetes mellitus, factors contributing to hyperglycemia may include reduced insulin 
secretion and/or insulin resistance (IR) (30). 
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Table 4 
Etiological Classification of Diabetes Mellitus a 

I. 

II. 
III. 

IV. 

Type 1 diabetes 
A. Type 1A autoimmune and LADA 
B. Type 1B idiopathic 

Type 2 diabetes 
Other specific types of diabetes 

A. Genetic defects of [3-cell function 
B. Genetic defects in insulin action 
C. Diseases of the exocrine pancreas 
D. Endocrinopathies: acromegaly, Cushing syndrome, glucagonoma, pheochromocytoma, 

hyperthyroidism, somatostatinoma, aldosteronoma 
E. Drug or chemical induced 
E Infections: congenital rubella, cytomegalovirus, coxsackie 
G. Uncommon forms of immune-mediated diabetes: "stiff-man" syndrome, anti-insulin 

receptor antibodies 
H. Other genetic syndromes sometimes associated with diabetes: Down syndrome, 

Klinefelter syndrome, Turner syndrome, Wolfram syndrome, Friedreich ataxia, 
Huntington chorea, Laurence-Moon-Biedl syndrome, myotonic dystrophy, porphyria, 
Prader-Willi syndrome 

GDM 

aAdapted from ref. 31. 

Terminology and Classification 
Terms such as insulin-dependent, noninsulin-dependent, juvenile- maturity-onset, 

and maturity-onset diabetes of the young are not used in recent classifications and are 
to be eliminated (31,32). The terms type 1 and type 2 diabetes, reflecting etiological 
differences, are recommended to be used instead of descriptions based on age at onset 
or treatment modality (33). The category in between normality and diabetes (predia- 
betes or latent diabetes) is now called either impaired fasting glucose (IFG) or impaired 
glucose tolerance (IGT), depending on whether the plasma glucose was measured in 
the fasting state or after a standard OGTT (34). 

ETIOLOGICAL CLASSIFICATION 

Based on etiology, diabetes is classified as follows: 

• Type 1 diabetes results from absolute insulin deficiency. Type 1 diabetes is divided 
into two subtypes. Type 1A results from autoimmune destruction of pancreatic 
~-cells, which can be documented by the presence of autoantibodies (anti-islet cell 
autoantibodies, autoantibodies to glutamic acid decarboxylase (GAD), anti-insulin 
autoantibodies, and autoantibodies to the tyrosine phosphatases). The adult form 
of type 1 diabetes is known as latent autoimmune diabetes of the adult (LADA). 
Type 1B diabetes is also called idiopathic diabetes and is a subtype for which 
there is no evidence of autoimmunity, or other causes of [3-cell destruction (35). 

• Type 2 diabetes, the most common type of diabetes, is usually associated with 
obesity and IR. Usually, these patients have only relative insulin deficiency and, 
at least initially, they do not need insulin treatment to survive. 

• Other specific types of diabetes are provided in Table 4. 
• Gestational diabetes mellitus (GDM) is classified as a separate entity. 
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Diagnostic Tests/Tests of Glycemia 

RANDOM PLASMA GLUCOSE 

Random, or "casual," plasma glucose measurement is inexpensive and easily accom- 
plished but not always diagnostic. In the absence of unequivocal hyperglycemia or 
metabolic decompensation, a patient with a random plasma glucose level of 200 mg/dL 
(11.1 mmol/L) or higher should have a second confirmatory test for the diagnosis of 
diabetes to be established. 

FASTING PLASMA GLUCOSE 

FPG requires an overnight fast of at least 8 h. It is inexpensive and risk free and, 
thus, is the test of choice. The results of FPG are more reproducible over a short term 
than those of OGTT. Studies that have compared the two tests found coefficients of 
variation (CVs) almost two times higher in OGTT than in FPG (36-38). 

ORAL GLUCOSE TOLERANCE TEST 

In compliance with the most recent American Diabetes Association (ADA) recom- 
mendations, OGTT is not indicated for routine use with the exception of pregnancy. One 
reason is the reduced overall test-retest reproducibility (some studies report only 65.6% 
reproducibility) (39). In addition, FPG is easier to perform and more cost-effective. 
However, renewed emphasis of the importance of the postprandial hyperglycemia 
(PPG) and OGTT has been given with the recently published results of the Diabetes 
Prevention Program (28), in which diet/exercise, as well as drug therapy (metformin 
and troglitazone), was shown to slow/prevent the progression of IGT to overt diabetes 
mellitus. It has thus been proposed that performing an OGTT could be considered in 
selected individuals (e.g., obese patients, or patients who share the features of meta- 
bolic syndrome) in order to identify diabetes or any degree of glucose intolerance at an 
early stage (40). 

A minimum of 150-200 g of carbohydrates/d should be included in the diet for at 
least 3 d preceding an OGTT in order to optimize insulin secretion. After an overnight 
fast, adults are given a glucose load of 75 g in 300 mL of water to be consumed within 
5 min. Children are given 1.75 g of glucose/kg of ideal body weight. Recently, the test 
has been simplified and requires only an overnight fasting measurement (0 min) and 
one at 2 h (120 rain) after ingestion of glucose. Samples at 30, 60, and 90 min are no 
longer required. Insulin levels can also be measured during the OGTT but are rarely of 
clinical usefulness and, thus, are reserved only for research purposes (41). 

Interpretation of the OGTT in nonpregnant adults (Table 5) differs from that of the 
OGTT in pregnancy (see Diagnosis of Gestational Diabetes). False-positive results 
may occur in severe debilitating conditions (infections, emotional stress, or in malnour- 
ished patients) and with certain drugs (diuretics, oral contraceptives, glucocorticoids, 
excess thyroxin, phenytoin, nicotinic acid) (41). 

INTRAVENOUS GLUCOSE TOLERANCE TEST 

The intravenous glucose tolerance test (IVGTT) is an important dynamic test used to 
evaluate residual [3-cell function in patients with type 1 diabetes mellitus (42). It is also 
useful in the screening of siblings of patients with type 1 diabetes or in the evaluation 
of glucose tolerance in patients with malabsorbtion. However, caution must be exer- 
cised in the clinical interpretation of the results because the IVGTT bypasses normal 
physiology of glucose absorption (41). 
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Table 5 
Diagnostic Thresholds for Diabetes and Impaired Glucose Regulation a 

Test 

Category FPG 2-h Plasma glucose 

Normal 

IFG 

IGT 

Diabetes b 

< 100 mg/dL or 
<5.6 mmol/L c 

100-125 mg/dL or 
5.6-6.9 mmol/L 

> 126 mg/dL or 
>7.0 mmol/L 

<140 mg/dL or 
<7.8 mmol/L 

140-199 mg/dL or 
7.8-11.0 mmol/L 
>200 mg/dL or 
> 11.1 mmol/L 

aAdapted from ref. 32. 
bAn FPG at or >126 is diagnostic of diabetes if confirmed in a subsequent day to be 

in the same diabetic range. 
CTo convert glucose level from nmol/L into mg/dL multiply by 18 or divide by 0.05551. 

GLYCOSYLATED HEMOGLOBIN (HbA1c) 
HbAlc, or glycated hemoglobin, glycohemoglobin, or glycosylated hemoglobin, is a 

term used to describe a series of stable minor hemoglobin components formed nonen- 
zymatically from hemoglobin and glucose. The level of HbAlc in a blood sample pro- 
vides a glycemic history of the previous 120 d, the average erythrocyte life span. The 
optimal use of HbAlc testing requires standardization of HbAlc assays. The National 
Glycohemoglobin Standardization Program has established standard assays for HbAlc 
based on the results of the Diabetes Control and Complications Trial (DCCT) (43,44). 

Advantages of the test are very good reproducibility; low intraindividual CV (45,46); 
and very good correlation with FPG, PPG, and 2-h plasma glucose levels. HbAlc level 
is also a very good predictor of diabetes-specific complications (47,48) and thus pro- 
vides the current basis for treatment decision in patients with diabetes (49). 

Disadvantages of the test are a lack of standardization of HbgAlc  assays; lack of 
correlation between FPG and HbAlc level (50); and limited sensitivity for very mildly 
elevated levels of glycemia, particularly PPG (51). The test cannot be used in situations 
in which erythrocyte survival is decreased (anemia or hemoglobinopathies) (52,53) and 
is subject to interference in the presence of associated comorbidities (alcoholism, renal 
failure, opiate addiction, lead poisoning, excessive use of salicylates) (54). 

Some investigators have suggested that HbAlc may be a suitable screening test for 
diabetes (55-60), but this has not yet been translated into clinical practice, because it 
remains a controversial issue (45,61,62). For example, Davidson et al. (60) suggested 
that in patients with an FPG between 1 l0 and 139 mg/dL, the next step should be to 
measure HbAlc instead of a second FPG measurement. Barr et al. (59) recommended an 
alternative strategy for the diagnosis of type 2 diabetes. First, casual plasma glucose is 
measured, and if this is >200 and the HbAlc is >2 standard deviations (SDs) above the 
mean, then diabetes is diagnosed and should be managed according to the HbAlc level. 
If the result of only one of these two tests is positive, an FPG should be tested to eval- 
uate the patient for impaired fasting glucose (IFG) (refer to Table 5 or "Diagnostic 
Criteria") and diabetes (59). Rohlfing et al. (57) proposed that an HbAlc cutoff value 
of 6.1% (2 SDs above the normal mean) could identify individuals with undiagnosed 
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diabetes who are at risk of diabetes complications. At this cutoff value, the sensitivity is 
63.2% and the specificity is 97.4%, but these cutoff points may vary according to the 
race and/or ethnic group of the patient. 

The ADA currently recommends the measurement of HbAlc only for the monitor- 
ing of glycemic control in patients with known diabetes and for documentation of the 
degree of glycemic control at initial assessment but not for routine screening of dia- 
betes (31,43). The importance of HbAlc as an index of diabetes control has been rein- 
forced by the DCCT (44) and the United Kingdom Prospective Diabetes Study (63). 
These studies demonstrated a direct correlation between glycemic control as assessed 
by HbAlc and the likelihood of developing long-term diabetes-related complications. 

GLYCOSYLATED SERUM PROTEINS 

The degree of glycation of serum proteins (mostly albumin and fructosamine) provides 
an index of glycemic status over the preceding 1 to 2 wk (the half-life of albumin is 
14-20 d). This test is useful especially in a situation in which HbAlc assay is subject to 
interference and also in order to document relatively short-term changes in glycemic 
status, such as in diabetic pregnancy or after major changes in therapy (43). 

Diagnostic Criteria and Screening for Diabetes Mellitus 
In a 2003 ADA report, the thresholds (Table 5) of PFG were decreased and subse- 

quently the following definitions have been changed (32): 

• Normal: FPG < 100 mg/dL (5.6 mmol/L). 
• IFG: FPG between 100 and 125 mg/dL (5.6-6.9 mmol/L) rather than between 110 

and 125 mg/dL (6.1-6.9 mmol/L). 
• IGT: 2-h plasma glucose after a standard OGTT between 140-199 mg/dL 

(7.8-11.1 mmol/L). 
• Diabetes mellitus (criteria unchanged): 

1. Symptoms of diabetes (polyuria, polydipsia, weight loss, visual blurring) plus a 
random (any time of day, regardless of time interval since last meal) plasma glu- 
cose concentration >200 mg/dL (11.1 mmol/L). 

2. FPG > 126 mg/dL (7.0 mmol/L) after an overnight fast of at least 8 h. 
3. Two-hour plasma glucose >200 mg/dL (11.1 mmol/L) during a standard 75-mg 

OGTT. 

The diagnosis of diabetes can be based on any of these criteria but should be con- 
firmed by repeat testing on a different day. The ADA diagnostic criteria strongly suggest 
that the diagnosis of diabetes should be made mainly on the basis of fasting glucose and, 
thus, do not recommend OGTT for routine use (31). The World Health Organization 
(WHO) agrees with the new definitions but considers continued use of the OGTT for 
patients with IFG (blood glucose values between 100 and 125 mg/dL or 5.6 and 6.9 
mmol/L) to exclude the presence of diabetes (32,64). 

The use of HbAlc for the diagnosis of diabetes is not recommended at this time 
because in addition to the reasons mentioned, there is no "gold standard" assay and 
many countries do not have ready access to the test (31). 

Importantly, the cutoff value for FPG for diagnosing diabetes was lowered to 
126 mg/dL (7.0 mmol/L), and a new diagnostic category, IFG, has been added to IGT 
in the 1997 ADA report (50). This was done to emphasize the increased risk of CVD 
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and diabetes in these categories (IFG and/or IGT), which are also referred to as "predi- 
abetes." Such patients are usually obese (having especially android obesity) and share 
the features of metabolic syndrome (which includes abdominal obesity, IR with IFG 
and/or IGT, dyslipidemia, and hypertension). Although both IFG and IGT are predic- 
tors of cardiovascular risk, observational studies (DECODE study [65], Framingham 
Offspring Study [66]) have reported that IGT is a better predictor than IFG and is 
strongly associated with cardiovascular morbidity and mortality. 

SCREENING FOR TYPE 2 DIABETES 

Widespread use of FPG as a screening test (Fig. 4) is recommended because undiag- 
nosed type 2 diabetes is very common (up to 50% of the affected people) (67) with an 
estimated lag of 5-7 yr between onset and diagnosis (68). A large number of individu- 
als who meet the criteria are unaware and asymptomatic, and as many as 50% of indi- 
viduals with type 2 diabetes have one or more diabetes-specific complications at the 
time of diagnosis. Although FPG is the recommended screening test, OGTT may be 
necessary for the diagnosis of diabetes when FPG is normal. The ADA recommends 
screening all individuals >45 yr of age (American College of Endocrinology and 
American Association of Clinical Endocrinologists over 30 yr) every 3 yr and screen- 
ing high-risk subjects at an earlier age. The major risk factors for type 2 diabetes are, 
according to the ADA (69), having a family history of diabetes, being overweight as 
defined as a BMI >25 kg/m 2, being habitually physically inactive and belonging to a 
high-risk ethnic or racial group (e.g., Native Americans, African Americans, or 
Hispanics). Screening should also be considered in persons with previously identified 
IFG or IGT, hypertension, dyslipidemia, PCOS, history of GDM, or delivery of a baby 
weighing >4.1 kg (9 lb). A screening protocol is illustrated in Fig. 4. 

SCREENING FOR TYPE 1 DIABETES 

A series of autoantibodies have been identified that are predictive of development of 
type 1 diabetes. The most important ones are anti-islet cell autoantibodies, autoantibod- 
ies to GAD, anti-insulin autoantibodies, and autoantibodies to the amino acid residues of 
the intracellular domain on the protein IA-2 (ICA512/IA-2) (70). Some studies proved 
that there is a significant increase in the risk of developing diabetes if an increased num- 
ber of autoantibodies are present. The 5-yr risk of an individual with a first-degree rela- 
tive with type 1 diabetes would be 68% if two antibodies are present and almost 100% if 
three are present (71). However, because there is no potential treatment to slow or pre- 
vent the progression of the disease, using autoantibodies as a screening tool is not yet 
justified (70). 

Diagnostic Criteria and Screening for  GDM 
GDM is defined as any degree of glucose intolerance first recognized during pregnancy. 

The definition applies regardless of therapy or whether the condition persists after preg- 
nancy. Gestational diabetes complicates about 4% of all pregnancies. Early diagnosis is 
very important in order to reduce perinatal morbidity and mortality (35). In most women 
who develop GDM, onset of the disorder occurs in the third trimester of pregnancy (31). 
At least 6 wk after pregnancy ends, women who have had GDM should receive an OGTT 
to be reclassified as having diabetes, normal glucose tolerance, IGT, or IFG (72). 

Risk assessment and testing for GDM should be undertaken at the first prenatal 
visit, but consideration of a woman's clinical characteristics allows more efficient and 
selective screening for gestational diabetes (73). Women at high risk (see Table 6) 
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Fig. 4. Screening protocol for type 2 diabetes. *ff the clinical suspicion is still very high, some investi- 
gators recommend performing an OGTT. In the Strong Heart Study in American Indians (40), 4.7-6.9% 
of patients with normal FPG received a diagnosis of diabetes after OGTT. **Two values of 2-h plasma 
glucose (PG) need to be >200 mg/dL for diabetes to be diagnosed in healthy and IFG groups. ***In gen- 
eral, HbAlc is not recommended as a screening test (see text). Consider HbAlc in special populations 
(e.g., American Indians) and other situations in which FPG is <126 mg/dL but 2-h PG is >200 mg/dL. In 
these situations, HbAlc could be a potential tool, which could help diagnose diabetes. In The Strong 
Heart Study in American Indians (40), 20% of those with IFG had diabetes after OGTT criteria. 

should be screened as soon as feasible. If the initial screening is negative, they should 
undergo retesting at 24-28 wk. Women of average risk should have the initial screen 
performed at 24-28 wk. Women at low risk need not be screened for GDM in compli- 
ance with ADA (31) and American College of Obstetricians and Gynecologist guide- 
lines (ACOG) (74), although some clinicians still recommend universal screening 
(75-77). 

A FPG >126 mg/dL (7.0 mmol/L) or a casual glucose >200 mg/dL (11.1 mmol/L) 
establishes the diagnosis of diabetes if confirmed on a subsequent day and obviates the 
need for more glucose tolerance testing. 

Women who require more formal testing should receive a 100-g oral glucose load 
with plasma glucose levels determined at baseline, 1 h, 2 h, and 3 h (Table 7), and the 
diagnosis of GDM is made if two or more of the plasma glucose values are equal to or 
higher than those listed in Table 5. This one-step approach may be cost-effective in high- 
risk patients (31). A different approach recommended by ACOG is a two-step approach. 
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Table 6 
Risk Assessment and Testing for G D M  a 

Group Characteristics Test 

Low-risk group 
(all characteristics 
should be present) 

Average-risk group 

High-risk group 

• Age <25 yr 
• A normal body weight before pregnancy 

(BMI < 25 kg/m 2) 
• No family history 
• No history of abnormal glucose metabolism 
• No history of poor obstetric outcome 
• Not a member  of  an ethnic/racial group with 

a high prevalence of diabetes b 
• Age 25-45 yr 
• BMI 25-27 kg/m 2 before pregnancy 
• None of the conditions listed below 
• Age > 45 yr 
• A family history of diabetes, especially 

in first-degree relatives 
• A prepregnancy weight of  >110% 

of ideal body weight or BMI > 27 kg/m 2 
• A previously large baby, >4.1 kg (9 lb) 
• A history of abnormal glucose tolerance 

(IFG, IGT, or diabetes) 
• A member  of  an ethnic group with a higher 

than normal rate of  type 2 diabetes 
• A previously unexplained perinatal loss or 

birth of  a malformed child 
• A mother who was large at birth (>4.1 kg [9 lb]) 
• Maternal low birth weight (<2.7 kg [6 lb]) 
• Hypertension 
• Dyslipidemia 
• P C O S  

No screening 
test necessary 

GCT 
(50 g glucose) c 

Diagnostic 
OGTT 
(100 g glucose) a 

aFrom refs. 31,35,73,74, and 76. 
bHispanic American, Native American, Asian, African American, Pacific Islander. 
CTwo-step approach: (1) perform an initial GCT (glucose challenge test) and (2) perform a diagnostic 

OGTT on that subset of women exceeding the glucose threshold value on the GCT. 
dOne-step approach may be cost-effective, by performing directly a diagnostic OGTT in high-risk 

patients or population (some Native American groups). 

Table 7 
Diagnosis of  G D M  With a 100-g Glucose Load a 

Plasma glucose 

Time mg/dL mmol/L 

Fasting >95 >5.3 
1 h >180 >10.0 
2 h >155 >8.6 
3 h >140 >7.8 

aTwo or more values must be met or exceeded for a diagnosis of diabetes to be made. The 
test should be done in the morning after an 8- to 14-h fast and after at least 3 d of unrestricted 
diet (>150 g of carbohydrate/d). (Adapted from ref. 31, derived from the original work of 
O'Sullivan and Mahan, modified by Carpenter and Coustan.) 
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Fig. 5. Screening protocol for gestational diabetes. 1GCT, oral glucose challenge test. 2OGTT, oral 
glucose tolerance test. 3At least 6 wk after the pregnancy ends, women who have had GDM should 
receive an OGTT and be reclassified as having diabetes, normal glucose tolerance, IGT, or IFG on 
the basis of the diagnostic criteria listed in Table 5. (Adapted from ref. 76.) 

After an initial 50-g oral glucose challenge test (GCT), the subset of women exceeding 
the glucose threshold of 140 mg/dL (7.8 mmol/L) will have a diagnostic 100-g OGTT 
(74). Figure 5 illustrates screening protocol for gestational diabetes. 

DIAGNOSING INSULIN RESISTANCE SYNDROME 

This last part of the chapter focuses on IR, its clinical implications (metabolic syn- 
drome), and the importance of recognizing IR as a risk factor of increasing importance for 
CVDs and type 2 diabetes. Clinical and biochemical definitions of IRS and IR are reviewed. 

Introduction 
The IRS (metabolic syndrome) has become a major health problem not only because 

of its high prevalence, but also because of the risks associated with this syndrome. 
Obesity, diabetes, hypertension, dyslipidemia, and accelerated atherosclerosis together 
contribute to increased morbidity and mortality. Obesity, and especially central obesity, 
is the main condition that predisposes to IR, while IR is the core metabolic abnormality 
underlying type 2 diabetes mellitus (78) (Fig. 1). 

Definition 
IR is a state of decreased sensitivity of tissues to insulin. To control circulating glu- 

cose level and maintain normal glucose metabolism, insulin secretion is increased 
(hyperinsulinemia). However, in the long term, in states of insulin resistance, circulat- 
ing insulin concentrations cannot adequately promote peripheral glucose disposal, sup- 
press hepatic glucose production, and inhibit very low-density lipoprotein output (79). 
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The terms insulin resistance syndrome, metabolic syndrome ("X"), Reaven's syndrome 
(80), and "dysmetabolic" syndrome describe a cluster of related abnormalities associated 
with a state of IR and subsequent compensatory hyperinsulinemia. Considering the under- 
lying pathophysiology, the most recent position statement of the American College of 
Endocrinology (ACE) suggests that insulin resistance syndrome is the term to be used 
(81), and, thus, this is the term used herein. 

The abnormalities included in the definition of IRS (see Table 8) are a group of disease 
states/risk factors that increase a subject's chance of developing CVD, type 2 diabetes, 
accelerated atherosclerosis, hypertension, stroke, or PCOS. Thus, CHAOS (Coronary 
artery disease, Hypertension, Atherosclerosis, Obesity, and Stroke) is an acronym coined 
for the IRS that describes the coexistence of these disorders in this syndrome. 

Link Among Obesity, Type 2 Diabetes, and IRS 
Not all obese individuals have IRS. So-called metabolically healthy, but obese indi- 

viduals have normal insulin sensitivity, despite having a large amount of fat mass, pos- 
sibly owing to low visceral fat (82). Android/abdominal/visceral obesity has been 
clearly associated with insulin resistance and serves as a marker for developing the 
metabolic complications of obesity (83). 

IRS does not affect only those with frank obesity; it has also been reported in persons 
of normal weight (84), but an increased amount of visceral fat or body-fat redistribution 
and lipodystrophic changes, such as those observed in the human immunodeficiency 
virus-associated metabolic syndrome or other types of genetic or acquired lipodystrophy. 

IRS is usually considered an intermediate state between normality and diabetes, but 
although the majority of insulin-resistant subjects may not develop diabetes, they 
remain at increased risk of developing other clinical consequences of insulin resist- 
ance/compensatory hyperinsulinemia (80,81). 

Epidemiology 
According to the third National Health and Nutrition Examination Survey (NHANES 

III) (86,87), the overall prevalence of IRS increases with age (>40 yr), body weight 
(BMI > 25 kg/m2), postmenopausal status, smoking, high-carbohydrate diet, no alcohol 
or excessive alcohol consumption, and physical inactivity. Non-Caucasian ethnicity; a 
family history of type 2 diabetes or IRS; high blood pressure (BP); CVD (87); or a per- 
sonal history of CVD, PCOS, GDM, and acanthosis nigricans increase the likelihood 
of developing IRS. 

The prevalence of the disorder in the US population is very high (calculated up to 
25% of the population). A recent epidemiological study showed that the age-adjusted 
prevalence in the United States is 23.9% (men: 24.2%; women: 23.5%) and likely 
increasing among US adults, using the National Cholesterol Education Program/the 
Adult Treatment Panel III (NCEP/ATP III) definition (88). According to the ACE posi- 
tion statement on IRS, one in three or four US adults has IRS and 90% of patients with 
diabetes are insulin resistant and 10% of women have PCOS. 

Diagnostic Criteria 
CLINICAL CRITERIA 

According to the NCEP/ATP III report (89) and the 2004 report from the National 
Heart, Lung, and Blood Institute and American Heart Association (90), a diagnosis of 
metabolic syndrome can be made if a person has three or more of the following five 
features: 
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1. Android/abdominal obesity defined as increased WC >102 cm (40 in.) in men and >88 cm 
(35 in.) in women and a BMI >30 kg/m 2. 

2. Elevated triglycerides (>150 mg/dL or 1.7 mmol/L). 
3. Decreased high-density lipprotein (HDL) cholesterol (<40 mg/dL for men, <50 mg/dL 

for women). 
4. Blood pressure >130/85 mmHg or active treatment for hypertension. 
5. Fasting glucose levels >100 mg/dL (5.6 mmol/L) and/or 2-h plasma glucose (PG) 

between 140 and 200 mg/dL (7.8-11.0 mmol/L) after a 75-g OGTT. 

The following should also be noted when interpreting these criteria. Some genetically 
susceptible individuals may develop IRS only at slightly increased WC (between 94 
and 102 cm [37-40 in.]) (89). When the (W/H) ratio is used, android obesity is defined 
as a W/H ratio >0.95 in men, and >0.85 in women. The ACE has concluded, in a recent 
position statement, that BMI >30, rather than WC, is an appropriate index for obesity 
and an adequate estimate of IR. FPG levels are in compliance with the new 2003 ADA 
criteria for defining IFG (32). In NCEP and ATP III criteria, FPG levels were >110 
mg/dL, set as the former definition of IFG. However, although FPG is currently a good 
tool to diagnose diabetes, the 2-h PG after OGTT is a more sensitive measure/index of 
risk for IRS (81,91). 

The 1998 WHO criteria for diagnosis of IRS require hyperinsulinemia or FPG > 
110 mg/dL or glucose intolerance (120-min postload glucose level between 140 and 
200 mg/dL) plus the presence of at least two additional conditions (abdominal obesity, 
dyslipidemia, or high blood pressure) (64). 

BIOCHEMICAL DEFINITION AND METHODS FOR ASSESSING IR 

Although the diagnosis of IRS should be based mainly on clinical grounds, as sug- 
gested by ACE and ATP III, it can be additionally confirmed or quantified by directly 
assessing insulin resistance. Insulin resistance can be estimated by several methods 
(Table 8), all based on the relationship between glucose and insulin measurements. 
However, use of these methods is not recommended as a routine clinical tool, because 
of lack of standardization and lack of clinical evidence that hyperinsulinemia per se 
can predict development of CVD. 

The "gold standard" for assessing IR remains the euglycemic hyperinsulinemic clamp 
(92). It involves raising the plasma insulin concentration and maintaining it at a fixed 
level, approx 100 gUI/mL, by a continuous iv insulin infusion. The plasma glucose con- 
centration is held constant (clamped) at basal levels by a glucose infusion (93). Because 
endogenous hepatic glucose production is inhibited by the high insulin concentration, the 
quantity of glucose infused per unit of time (milligrams/minute) to maintain euglycemia 
reflects the amount of glucose metabolized in the peripheral tissue (M value measured in 
milligrams/[kilogram/minute]) and is therefore an indirect index of sensitivity of target 
tissues to insulin. The higher the M value, the more sensitive the individual is to insulin. 
Conversely, the insulin-resistant patient requires less glucose to maintain basal plasma 
glucose level. Another index is insulin sensitivity (ISI), defined as the ratio of M/I, in 
which M is the rate of glucose infusion at steady state (i.e., when glucose infusion rate is 
stabilized) and I is the mean insulin level during the test (usually at time points between 
15 and 120 min) (78). However, because this technique is invasive, difficult to perform in 
a clinical setting, and time-consuming, its use is limited to research laboratories. 

The second best technique for estimating insulin sensitivity is the frequently sam- 
pled iv glucose tolerance test (FSIVGTT). This technique requires determination of 
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Table 8 
Methods for Measuring Insulin Resistance a 

Index Formula Reported level 

Insulin fasting level N/A 
Insulin peak level N/A 

during OGTT 
2-h Insulin level N/A 

post-OGTT 
HOMA-IR 

QUICKI 

Cederholm and 
Wibell (SI) 

Belfiore (ISI) 
Gutt (ISI0,120) 

Matsuda (ISI composite) 

Stumvoll (ISI) 

Avignon (Si2h and SiM) 

ITT 

FSIVGTT insulin 
sensitivity (Si) 

Euglycemic 
hyperinsulinemic clamp 

Fasting glucose (mmol/L) × 
Fasting insulin (gUI/mL)/22.5 
1/[log(Ins 0) + log(Glu 0)] 

[75,000 + (Glu 0 - Glu 2 h) 
× 1.15 x 180 x 0.19 x BW]/ 
[120 × log(mean Ins) × mean Glu] 
2/[(AUC insulin × AUC glucose) + 1] 
[75,000 + (Glu 0 - Glu 2 h) x 0.19 x BW]/ 
[120 × log(insulin 0/2 + insulin 2 h/2) x 
(Glu 0/2 + Glu 2 h/2] 
10,000/~(Ins 0 x Glu 0 × 
mean insulin x mean glucose during OGTF) 
0.22 - 0.0032 × BMI - 0.0000645 × Ins 2 h 
- 0.0037 × Glu 1.5 h 
Si2h = 108/(Ins 2 h × Glu 2 h × 150) 
SiM = [0.137 × 108/ 
(Ins 0 × Glu 0 × 150) + Si2h]/2 
KIT T = 0.693/plasma glucose 
half time × 100 
Si = glucose clearance rate per change in 
plasma insulin concentration 

M value = glucose infused per unit of time 

<15 ~UI/mL b 
<150 gUI/mL b 

<75 ~tUI/mL b 

2.1-2.7 b 

Mean value: 0.382 
in lean subjects 
79___ 14 

Over or about 1.0 
89 _+ 39 lean controls 
58 _+ 23 obese conlrols 

1.79 _+ 0.33 
1.71 +_ 0.24 

>2%/min 

5-7 in nonobese; 
2-3.5 min-1/ 
(gtU .mL -1) in 
obese subjects 
4.7-8.7 mg/kg/min) 

aN/A, not applicable; BW, body weight; Ins 0 and 2 h, plasma insulin level at time 0 and 2 h after an 
OGTT, respectively; Glu 0 and 2 h, plasma glucose level at time 0 and 2 h after an OGTT, respectively; 
ISI/SiM, insulin sensitivity index; Si, insulin sensitivity; FSIVGTT, frequently sampled intravenous glu- 
cose tolerance test; AUC, area under the curve; ITT, insulin tolerance test; KIT T, percentage of decline in 
plasma glucose concentration per minute. (From refs. 78,95-98,100-102, and 104.) 

plasma glucose and insulin levels after administration of an iv glucose bolus of 0.3 g/kg 
of body weight, over a 3-h period (78). The glucose and insulin levels are then mathe- 
matically interpreted in order to calculate an index of  insulin sensitivity, Si, which rep- 
resents the glucose clearance rate per change in plasma insulin concentrat ion (94). 
Results of  this technique correlate well with clamp measurements but it is labor-inten- 
sive, invasive, and therefore not applicable to clinical practice (95). 

Fasting levels of  insulin >15 ~tUI/mL or >75 laUI/mL at 2 h post -OGTT and/or 
insulin peak level during OGTT >150 gtUI/mL are considered hyperinsulinemic levels, 
which indicate insulin resistance (96). The cutoff  value for fasting insulin, however, 
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Table 9 
Components of IRS a 

Insulin resistance 
Decreased tissue insulin sensitivity 
Compensatory hyperinsulinemia 

Android obesity 
BMI _> 30 kg/m 2 
WC of >102 cm (40 in.) in men and >88 cm (35 in.) in women 
W/H ratio of >0.95 in men and >0.85 in women 

Dyslipidemia 
Triglycerides > 150 mg/dL (1.7 mmol/L) 
HDL cholesterol of <40 mg/dL for men <50 mg/dL for women 
Smaller denser LDL cholesterol particles (type B pattern) 
Postprandial accumulation of triglyceride-rich lipoproteins 

Hemodynamic changes 
BP > 130/85 mmHg or active treatment for hypertension 
Hypersympathicotonia 
Increased renal sodium retention 

Glucose intolerance 
FPG levels >100 mg/dL (5.6 mmol/L) 
120-min postload glucose level between 140 and 200 mg/dL 

Vascular abnormalities 
Endothelial dysfunction 
Increased urinary albumin excretion rate (>20 gtg/min or albumin/creatinine ratio of >30 mg/g) 

Abnormal uric acid metabolism 
Hyperuricemia 
Decreased renal clearance of uric acid 

Prothrombotic factors/procoagulant state 
Raised PAl- 1 
Increased plasma fibrinogen 

Inflammatory markers/adipocytokines 
TNF-(~ 
Elevated level of CRP, IL-6 
Increased Fibrinogen level 
Decreased adiponectin level 

aLDL, low-density lipoprotein. (Adapted from refs. 81 and 85.) 

differs from investigator to investigator because there is lack of standardization of the 
insulin assays used. Therefore, even if from a clinical perspective fasting insulin levels 
seem to be the most practical approach for assessing insulin sensitivity, the test is not 
recommended for routine screening (92). 

Mathematical models using the FPG-insulin ratio as screening tests are also avail- 
able, and include the homeostasis assessment model (HOMA) (97) and the quantita- 
tive insulin sensitivity check index (QUICKI) (98). HOMA is the most widely used 
test because it is relatively simple; it only requires measurements of FPG and insulin 
levels. Three samples for fasting plasma insulin should be drawn 5 min apart, and 
the mean concentration is to be used in order to avoid errors that may arise from 
pulsatile insulin secretion. IR is then quantified by calculating the index HOMA-IR: 
HOMA-IR = Fasting insulin (gtUI/mL) x Fasting glucose (mmol/L)/22.5. The mean 
HOMA-IR for healthy subjects is approximately between 2.1 and 2.7; HOMA-IR 
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increases with glycemia and insulinemia. In subject with IGT, it is approx 4.3-5.2 
and in type 2 diabetes patients 8.3-9.5 (85). In their original report, Matthews et al. 
(97) found HOMA-IR ranges lower than these, but further studies have reported 
higher HOMA-IR values (99). 

Insulin sensitivity can also be assessed by several other indexes based on OGTT 
(Table 9) (100-103). These indexes correlate with the indexes of insulin sensitivity 
obtained from HOMA and from the euglycemic hyperinsulinemic clamp (104), but 
because they do not offer additional advantages they are only rarely used. 

OTHER PARAMETERS POTENTIALLY USEFUL IN DIAGNOSIS OF IRS 

The metabolic syndrome has also been recognized as a proinflammatory, prothrombotic 
state associated with elevated levels of C-reactive protein (CRP), interleukin-6 (IL-6), 
plasminogen activator inhibitor-l(PAI-1), tumor necrosis factor-~ (TNF-o0, and other 
inflammatory markers (105,106). Routine measurements of these parameters are not 
recommended for clinical purposes, although some investigators have suggested adding 
CRP as a clinical criterion for metabolic syndrome (107). Although CRP has proved to 
be a predictor of coronary heart disease and adds clinically important prognostic infor- 
mation to metabolic syndrome (108,109), whether CRP should be routinely measured 
remains a point of active research and discussion. 

A urinary albumin excretion rate >20 gg/min or an albumin/creatinine ratio >30 mg/g, 
markers of endothelial dysfunction, and hyperuricemia are other features of IRS, but 
they are not necessary for diagnosis of the condition (Table 9). Adiponectin, an adipocy- 
tokine secreted mainly by the visceral adipose tissue, exerts insulin-sensitizing and 
antiatherogenic effects and is strongly and inversely correlated with IR (110,111), but 
the clinical utility of measuring its level remains to be proven. 
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I N T R O D U C T I O N  

In the last number of years, a great deal of attention has been given to a cluster of 
risk factors associated with the development of cardiovascular disease (CVD) identi- 
fied as metabolic syndrome. Several organizations have issued definitions in an attempt 
to heighten awareness and identify patients who ultimately may be at increased risk for 
CVD (1-4). 

One of the key components of metabolic syndrome is insulin resistance, which his- 
torically was first identified by Himsworth and Kerr in the 1930s. They observed that 
obese subjects with diabetes had insulin insensitivity and did not respond normally to 
exogenous insulin (5). However, it was not until the 1960s, with the development of the 
first insulin assay, that there could be a greater understanding of the relationship 
between circulating insulin levels and the stimulation of various metabolic processes, 
in particular glucose metabolism (6, 7). A logical observation that followed was that the 
maintenance of normal glucose tolerance in the context of insulin resistance resulted in 
the development of compensatory hyperinsulinemia (7,8). 
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In the late 1980s, Modan and colleagues (9,10) described an association between 
hyperinsulinemia and atherogenic lipid profiles, impaired glucose tolerance (IGT), 
obesity, and hypertension. Reaven (11) put forth the concept that insulin resistance may 
play a central role in the pathogenesis of a variety of disease states such as type 2 dia- 
betes, hypertension, and coronary artery disease, and described this constellation of 
clinical and laboratory findings as Syndrome X. Syndrome X was defined as (1) resist- 
ance to insulin-stimulated glucose uptake; (2) glucose intolerance; (3) hyperinsuline- 
mia, (4) increased very-low-density lipoprotein (LDL) triglyceride; (5) decreased 
high-density lipoprotein (HDL) cholesterol; and (6) hypertension. 

Since then, there have been many studies elucidating the association between insulin 
resistance and many risk factors for the development of cardiovascular disease. The 
clustering of these factors (with slight variation) has now been formally termed meta- 
bolic syndrome. This chapter will review the pathogenetic factors associated with meta- 
bolic syndrome and its association with disease. 

D E F I N I T I O N  OF METABOLIC SYNDROME 

The definition of metabolic syndrome by several organizations has differed slightly, 
depending on their view of the major underlying pathophysiology. The National Heart, 
Lung, and Blood Institute and the American Heart Association issued the National 
Cholesterol Education Program's Adult Treatment Panel III (ATP III) report identifying 
abdominal obesity measured as increased waist circumference as the key driver of the 
syndrome. The presence of three of the five characteristics in Table 1 is required for the 
diagnosis of metabolic syndrome (1). The World Health Organization (WHO) includes 
metabolic syndrome in its classification of diabetes and identifies insulin resistance as 
the major underlying pathophysiological abnormality. Insulin resistance is identified as 
type 2 diabetes, impaired fasting glucose or glucose intolerance, or a glucose uptake 
below the lowest quartile. This and the presence of two of five other characteristics in 
Table 1B render the metabolic syndrome diagnosis (2). A combination of the WHO and 
ATP III criteria and clinical judgment are used in the American Association of Clinical 
Endocrinologists (AACE) definition (3). In 2005, the International Diabetes Foundation 
(IDF) convened a consensus workshop to develop a new worldwide definition built on 
the ATP III and WHO definitions, Table 2 (4). One of the key advances in these definitions 
is that they recognize different criteria for the definition of central obesity in different eth- 
nic groups (see Table 3) (4,12-13). 

PATHOPHYSIOLOGY OF T H E  C O M P O N E N T S  ASSOCIATED 
W I T H  METABOLIC SYNDROME 

Obesity, Regional Body Fat Distribution, and Insulin Resistance 
Numerous studies have demonstrated a relationship between obesity and insulin 

resistance (14-17). Many studies have also shown that weight reduction improves 
insulin sensitivity (15-17,23). However, body mass index (BMI) and insulin sensitivity 
do not have a simple linear relationship. As early as in the 1950s, it was observed that 
body fat distribution, not just obesity, was important in understanding the diseases 
associated with obesity (18). In recent years, several techniques to assess body compo- 
sition and adipose tissue distribution have become available. Although waist circumfer- 
ence and waist-to-hip or waist-to-thigh ratios are used in large studies to assess visceral 
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Table 1 
Clinical Identification of Metabolic Syndrome 

A. ATP III 

Risk factor Defining level 
Abdominal obesity, given as waist circumference 

Men 
Women 

Triglycerides 
High-density lipoprotein cholesterol 

Men 
Women 

Blood pressure 
Fasting glucose 

>102 cm (>40 in) 
>88 cm (>35 in) 

>150 mg/dL 

<40 mg/dL 
<50 mg/dL 

>130/>85 mmHg 
>110 mg/dL a 

B. W H O  b 

Glucose intolerance (IGT) or diabetes and/or insulin resistance and two or more of the following: 
• Elevated arterial pressure >140/90 mmHg 
• Elevated plasma triglycerides (>1.7 mmol/L; 150 mg/dL) and/or low high-density lipoprotein 

cholesterol (<0.9 mmol/L, 35 mg/dL men; <1.0 mmol/L, 39 mg/dL women) 
• Central obesity (males: waist-to-hip ratio >0.90; females: waist-to-hip ratio >0.85) and/or 

BMI >30 kg/m 2 
• Microalbuminuria (urinary albumin excretion rate >20 ~tg/min or albumin: creatinine ratio 

>30 mg/g) 
• Several other components of metabolic syndrome have been described (e.g., hyperuricaemia, 

coagulation disorders, raised PAl-1, and so on) but they are not necessary for the recognition 
of the condition. 

aThe American Diabetes Association has recently established a cutpoint of >100 mg/dL, above which 
persons have either prediabetes (impaired fasting glucose) or diabetes (12). This new cutpoint should be 
applicable for identifying the lower boundary to define an elevated glucose as one criterion for metabolic 
syndrome. Adapted from ref. 1. 

bAdapted from ref. 2. 

Table 2 
International Diabetes Foundation (IDF) Definition of Metabolic Syndrome 

According to the new IDF definition, for a person to be defined as having the metabolic syndrome 
they must have: 

Central obesity (defined as waist circumference _>94 cm for Europid men and _>80 cm for 
Europid women, with ethnicity-specific values for other groups) 

Plus any two of the following four factors: 

• Elevated triglyceride level: >_150 mg/dL (1.7 mmol/L*), or specific treatment for this lipid 
abnormality 

• Reduced high-density lipoprotein cholesterol: <40 mg/dL (1.03 mmol/L*) in males and 
<50 mg/dL (1.29 mmol/L*) in females, or specific treatment for this lipid abnormality 

• Elevated blood pressure (BP): systolic BP ->130 or diastolic BP _>85 mmHg, or treatment 
of previously diagnosed hypertension 

• Elevated fasting plasma glucose (FPG): _>100 mg/dL (5.6 mmol/L), or previously diagnosed 
type 2 diabetes 

*If above 5.6 mmol/L or 100 mg/dL, OGTT is strongly recommended but is not necessary to define 
presence of the syndrome. 
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Table 3 
Criteria for the Definition of Central Obesity in Different Ethnic Groups 

Country~ethnic group Waist circumference* 

Europids 
In the USA, the ATP III values 

(102 cm male; 88 cm female) 
are likely to continue to be used 
for clinical purposes 

South Asians 
Based on a Chinese, Malay and 

Asian-Indian population 
Chinese 

Japanese 

Ethnic South and Central Americans 

Sub-Saharan Africans 

Eastern Mediterranean and Middle 
East (Arab) populations 

Male >94 cm 
Female >80 cm 

Male >90 cm 
Female >80 cm 

Male >90 cm 
Female >80 cm 
Male >85 cm 
Female >90 cm 
Use South Asian recommendations until more 

specific data are available 
Use European data until more specific data are 

available 
Use European data until more specific data are 

available 

adiposity, the most accurate measurements are made using computed tomography 
(CT) and magnetic resonance imaging, often together with dual-energy X-ray absorp- 
tiometry scanning (19-22). These techniques have enabled an examination of the rela- 
tionship between visceral adiposity and insulin resistance. This relationship may be 
present independently of the presence of obesity (BMI >30 kg/m 2) and may help 
explain why individuals who are seemingly of normal weight as assessed by BMI are 
insulin resistant, have a metabolic profile associated with insulin resistance, and may 
even have metabolic syndrome. In one study of a group of subjects who underwent sig- 
nificant weight loss, improvement in insulin sensitivity correlated with reduction in vis- 
ceral fat (23). In studies of African Americans with type 2 diabetes, insulin-sensitive 
and insulin-resistant variants have been characterized (24). The insulin-resistant variant 
had more visceral adiposity and a lipid profile characteristic of metabolic syndrome as 
compared with the insulin-sensitive variant (25-26). Moreover, in subjects with a BMI 
between 24.5 and 28.5 kg/m 2, the frequency of distribution of insulin action was 
bimodal with almost equal numbers having normal insulin action and insulin resistance 
(Fig. 1) (27). In fact visceral fat correlated significantly with insulin-mediated glucose 
disposal, where as total or subcutaneous fat and gender did not (Fig. 2) (26). Similar 
findings have been reported in nondiabetic populations as well (28). In lean insulin- 
resistant, insulin-sensitive, and obese insulin-resistant subjects, visceral adipose tissue 
explained 54% of the variance in insulin sensitivity and leptin levels correlated strongly 
with subcutaneous fat (29). 

Longitudinal studies of Japanese American men have shown that accumulation of 
visceral adiposity predicts the development of insulin resistance and subsequent dia- 
betes (30,31). In a small study of 43 mildly obese postmenopausal women, those 
women who were metabolically normal (that is, with normal insulin sensitivity) had 
less visceral adiposity than the women who were metabolically abnormal (with insulin 
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Fig. 1. The figure shows the relationship between the body mass index (BMI) and glucose disposal 
or insulin sensitivity. Among lean individuals (BMI <24 k/m2), most subjects are normally insulin 
sensitive, and among obese individuals (BMI >28.5), most were insulin resistant. Note that between 
24 and 28.5, there is no relationship between BMI and glucose disposal (27). 
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white region) on a computed tomograph of an abdominal slice (lower right) and low visceral adipose 
tissue area (upper left) (26). 
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resistance), despite the fact that the total adiposity was the same for both groups of 
women (32). 

Furthermore, information highlighting the fact that adipose tissue is an active metabolic 
tissue capable of producing many proteins continues to emerge. Some of these proteins are 
preferentially secreted by adipose tissue in different compartments. Leptin, for example, a 
measure of sufficient energy stores, is secreted in larger amounts by subcutaneous than 
visceral adipose tissue (33). In contrast, adiponectin, another adipose tissue protein, is 
secreted in larger amounts by visceral as opposed to subcutaneous adipose tissue. 
Adiponectin has a strong inverse correlation with insulin resistance and emerges as a 
surrogate marker of insulin sensitivity (34). 

Abnormal Glucose Metabolism 
Studies in many populations have shown a relationship between the presence of obe- 

sity, and insulin resistance and the subsequent development of type 2 diabetes (35,36). 
Diabetes has long been associated with an increased risk of CVD. In a study of Finnish 
patients with type 2 diabetes, the 7-yr incidence rates for myocardial infarction with and 
without prior history of a myocardial infarction (MI) were 45% and 20.2%, respectively. 
In fact, the risk of death from coronary heart disease (CHD) in the patients with type 2 
diabetes, but with no prior history of M1 was no different from that in the patient without 
diabetes who had had a prior MI (37). Recent guidelines have recommended that diabetes 
is a risk equivalent for CVD and patients should be treated as though they have already 
had a cardiovascular event (38-40). In a 20-yr mortality study of nondiabetic, middle- 
aged men in three European cohorts, death from CVD was most common in those in the 
upper 2.5% of 2-h and fasting glucose distributions, the age-adjusted hazard ratios being 
1.8 and 2.7, respectively (41). In the Norfolk cohort of the European Prospective 
Investigation into Cancer and Nutrition, an increase in hemoglobin Ale  of 1%, in a non- 
diabetic male cohort was associated with a 28% (p < 0.002) increase in risk of death (42). 

Atherogenic Dyslipidemia 
A relationship between obesity and insulin resistance and an atherogenic lipid pro- 

file, usually identified as elevated serum triglycerides and low HDL cholesterol levels, 
has been previously demonstrated (43). More recent studies that have better character- 
ized the lipid profile have shown that the relationship holds; is independent of ethnicity, 
gender, and glucose tolerance; and may correlate best with central adiposity, which, in 
turn, correlates well with insulin sensitivity. In one study of middle-aged men and 
women who were either lean and insulin sensitive or obese and insulin resistant, 
increasing visceral adiposity was associated with increased triglycerides, LDL choles- 
terol, and apolipoprotein B and decreased HDL cholesterol and LDL buoyancy (44). 
Other studies have shown normal LDL cholesterol studies, but the LDL particles are 
small and dense and can enter the arterial wall more easily, thus contributing to their 
being more atherogenic. Oxidized LDL has also been shown to be more atherogenic, 
and in a report in healthy older adults, those with metabolic syndrome had elevated oxi- 
dized LDL and showed a greater predisposition for MI (45). 

Elevated Blood Pressure 
Obesity has been associated with elevations in blood pressure (BP). In a recent 

analysis of the National Health and Nutrition Examination Survey (NHANES) data on 
trends in hypertension, about 2%, or more than half, of the increase in the prevalence 
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of hypertension could be attributed to increases in BMI in the population (46). Studies 
have also shown reduction of BP with modest weight loss. In fact, in some populations, 
insulin resistance and BP are linearly related. Furthermore, the relationship between 
elevated BP and risk of CVD is well known (47). 

Emerging Components 
PROINFLAMMATORY AND PROTHROMBOTIC STATES 

Inflammation is emerging as a key component in the development of atherosclerosis 
and cardiovascular disease. Almost all of the characteristics of metabolic syndrome 
have been associated with inflammation. The adipocyte produces a large number of 
proteins, including cytokines, cytokine-derived proteins, and proteins related to the fib- 
rinolytic system, to name a few. Because obesity is a state of adipocyte excess, it would 
be expected that an elevation in inflammatory markers is present. An elevation of C- 
reactive protein, a marker of systemic inflammation, has been shown to be associated 
with hypertension, insulin resistance, and risk of CVD (48,49). Prothrombotic factors 
such as plasminogen activator inhibitor-1 (PAI-1), are elevated in obesity and insulin 
resistance and have been shown to predict diabetes and CVD (50). 

MICROALBUMINURIA 

Microalbuminuria is a marker of endothelial dysfunction and increasing mortality 
and is also associated with central obesity (51). In one study of patients with type 2 dia- 
betes, microalbuminuria was the criterion most predictive of metabolic syndrome based 
on the WHO criteria (52). 

PREVALENCE OF METABOLIC SYNDROME 

Many studies have shown that metabolic syndrome occurs across a wide range of eth- 
nic groups. With the recent data showing the increasing burden of obesity throughout the 
world, it can be expected that the rates of metabolic syndrome will be increasing. A num- 
ber of factors increase the risk of developing metabolic syndrome, particularly weight 
gain and sedentary lifestyle. Middle-aged men participating in the Kuopio Ischemic Heart 
Disease Risk Factor Study from Eastern Finland who gained more than 10% of their 
youthful (age 20) weight by middle age were more likely to have metabolic abnormalities 
consistent with metabolic syndrome (such as hypertension, hyperinsulinemia, and dys- 
lipidemia) as compared with those men whose weight remained stable over time (53). 
In the Bruneck Study, a population-based survey on atherosclerosis and its risk factors 
in Bruneck (a small town in northeastern Italy), insulin resistance was present in 9.6% 
of the population as assessed by homeostasis assessment model. Interestingly, 5.1% of 
the population had normal weight and no metabolic abnormalities, but was insulin resist- 
ant. Hypertfiglyceridemia and low HDL-cholesterol were as likely to accompany insulin 
resistance as was type 2 diabetes, whereas there was less of an association between hyper- 
tension, hypercholesterolemia, and hyperuricemia and insulin resistance (54). 

As reported recently from the third NHANES, the age-adjusted prevalence rate of 
metabolic syndrome, as defined by ATP III, was 23.7% in the United States. In general, 
age-adjusted rates for men and women were similar, but for both African-American and 
Hispanic groups, women had higher rates than men (Fig. 3) (55). Moreover, the presence 
of metabolic syndrome has been shown to independently predict the risk for the devel- 
opment of diabetes (56). 
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Fig. 3. The figure demonstrates the age-adjusted prevalence of metabolic syndrome among 8814 US 
adults aged at least 20 yr, by sex and race or ethnicity. (From the National Health and Nutrition 
Examination Survey III, 1988-1994 [55]). 

METABOLIC SYNDROME IN CHILDREN AND EARLY 
LIFE DETERMINANTS 

Recent reports show that the prevalence of overweight/obesity is increasing in chil- 
dren in the United States and so is the prevalence of type 2 diabetes in children (57,58). 
Assessment of insulin resistance and clustering of metabolic abnormalities associated 
with metabolic syndrome in African-American children aged 5-10 yr without diabetes 
showed a positive correlation with insulin resistance, BP, triglycerides, and cholesterol. 
Girls were more insulin resistant than boys (59). In an evaluation of almost 500 chil- 
dren and adolescents ranging from nonobese to severely obese, the prevalence of meta- 
bolic syndrome increased to 50% in the severely obese subjects (60). Among both 
European and South Asian populations, an early determinant of adult metabolic syn- 
drome and diabetes is maternal nutrient deprivation and intrauterine growth retardation 
followed by catch-up growth in childhood. Intrauterine growth retardation appears to 
alter nutrient partitioning, resulting in increased adult adiposity and glucose intolerance 
(61-64). Nutrient deprivation during early gestation was associated with higher cardio- 
vascular risk in adult life, and nutrient deprivation during late to mid-gestation was 
associated with reduced glucose tolerance. 

T H E  METABOLIC SYNDROME AND CARDIOVASCULAR DISEASE 

A large number of studies have evaluated the relationship between insulin resistance 
(65-67); clustering of the other characteristics of metabolic syndrome, such as dyslipi- 
demia and glucose intolerance (54,68-71); and the development of CVD. 
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In the Botnia study, a large family study in Finland and Sweden, the presence of 
metabolic syndrome, as defined according the WHO definition, correlated with a three- 
fold increase in risk for CHD and stroke. Cardiovascular mortality was also markedly 
increased in those subjects with the syndrome (12.0 vs 2.2% [p < 0.001]) and microal- 
buminuria was the strongest predictor of cardiovascular death (68). 

The prevalence of metabolic syndrome in the Kuopio Ischemic Heart Disease Risk 
Factor Study, a population-based prospective cohort study of 1209 Finnish men fol- 
lowed for approx 11.4 yr, was 8.8% to 14.3%, respectively, depending on whether it 
was defined according to ATP III or WHO. The presence of the syndrome, regardless of 
the definition used, resulted in an almost three- to fourfold increase in CVD and CHD 
and an almost twofold increase in allcause mortality (71). 

In the Insulin Resistance Atherosclerosis Study (IRAS), a large epidemiological 
study evaluating a triethnic cohort (African American, Hispanics, and non-Hispanic 
whites) in four communities in the United States, insulin resistance measured by the 
frequently sampled intravenous glucose tolerance test (FSIVGTT) was associated with 
intimal medial thickness of the carotid arteries, a surrogate marker for cardiovascular 
risk, in Hispanic and non-Hispanics whites, but not in African Americans (69). When 
factors common to metabolic syndrome are included in the model, the association 
between insulin resistance and measures of atherosclerosis diminished, suggesting that 
the syndromes is components contribute to the development of atherosclerosis in the 
insulin-resistant state. 

In a recent application of the ATP III metabolic syndrome criteria to the NHANES 
III subjects, the presence of the Syndrome was associated with a more than twofold 
increase in MI and stroke in both men and women. Moreover, insulin resistance, low 
HDL-cholesterol, hypertension, and hypertriglyceridemia all independently correlated 
with risk of MI and stroke (72). The absence of metabolic syndrome in the NHANES 
cohort correlated with a low age-adjusted prevalence of CHD (8.7%). It was similar to 
the prevalence in the subjects with diabetes who did not have the syndrome, although 
diabetes without metabolic syndrome was uncommon (13%). The prevalence of coro- 
nary heart disease in the presence of metabolic syndrome was 13.9% and 19.2% for 
those without and with diabetes, respectively (73). 

P O T E N T I A L  T R E A T M E N T S  

There is considerable uncertainty regarding the treatment of metabolic syndrome. 
The approach depends on whether the underlying cause should be treated or whether 
the individual components should be treated. There are considerable outcome data that 
address the treatment of the individual components. For example, drugs that raise HDL 
cholesterol levels (fibrates), lower BP, or are anti-inflammatory (aspirin) have been 
shown to improve mortality (74-76). There are no studies that target all of the compo- 
nents of metabolic syndrome in subjects with diabetes, and there is no consensus as to 
whether treatment of the components should be intensified in nondiabetic persons with 
metabolic syndrome (84). Finally there is a question as to whether the underlying abnor- 
mality of metabolic syndrome should be targeted. Assuming insulin resistance is the 
underlying cause, there is a rationale for its treatment in prediabetes and diabetes; dia- 
betes can be prevented (with lifestyle modification, metformin, or thiazolidinediones) 
and hyperglycemia improved (77-79). However, there is no evidence for the pharmaco- 
logical treatment of insulin resistance in individuals without glucose intolerance who 
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have metabolic syndrome. Such individuals are clearly at risk of increased mortality 
and CVD, and treatment of this group is an area of active interest. 

W E I G H T  LOSS AND EXERCISE 

The benefits of weight loss and increased physical activity have been demonstrated in 
several prospective studies showing a decrease in the development of type 2 diabetes and 
an improvement in other factors of the metabolic syndrome (77, 78). Voluntary weight loss 
results in an improvement in insulin sensitivity (79). Increased physical activity has been 
shown to be beneficial in numerous clinical studies with end points being either mortality 
or metabolic syndrome (80,81). It is difficult to identify the precise mechanism(s) whereby 
lifestyle alterations improve outcomes, the effects may be multiple and but are likely to 
include decreases in adiposity, insulin resistance, and nutrient fluxes; altered intramyocel- 
luar and intrahepatic metabolism; and increased adiponectin levels and skeletal muscle 
blood flow. The optimum close of lifestyle change is not known. 

Liposuction 
Liposuction is a popular approach to decreasing adiposity in which large amounts of 

subcutaneous adipose tissue removed. A recent key study sheds some light on its meta- 
bolic effects (82). Despite a 44% decrease in abdominal subcutaneous adipose tissue, 
there was no effect on metabolic syndrome, including inflammatory markers, plasma 
adiponectin, lipid levels, and insulin sensitivity. This argues that the beneficial effects 
of usual weight loss are likely to be related to decreases in visceral adiposity and/or 
associated caloric restriction, but not to changes in subcutaneous adipose tissue. 

Pharmacological Agents 
Various pharmacological agents may also impact on one or more features of meta- 

bolic syndrome. Metformin improves metabolic syndrome either directly or indirectly 
(83). Metformin may decrease mortality in persons with diabetes, reduce the develop- 
ment of diabetes in prediabetes and in individuals with polycystic ovary syndrome, and 
reduce hyperandrogenism. The thiazolidinediones or peroxisome proliferator activator 
receptor agonists act at a nuclear level to improve glycemia, decrease insulin resistance 
and plasma triglyceride levels, and variably increase HDL cholesterol levels resultant 
modest increases in body weight represent increases of subcutaneous, not visceral, adi- 
pose tissue, and thus may not be deleterious. Ongoing studies will determine the poten- 
tial for long-term benefit of the thiazolidinediones in metabolic syndrome. Decreasing 
the activity of the renin angiotensin system has been reported to decrease the develop- 
ment of diabetes and mortality. Other agents directly target weight change, including 
orlistat, which decreases GI fat absorption, and sibutramine, a combination of norepi- 
nephrine and dexfenfluramine which reduces appetite. To the extent that these agents 
sustain long-term weight loss, they are likely to decrease obesity related factors of meta- 
bolic syndrome. Numerous investigational approaches target relevant receptors and path- 
ways including central appetite regulators (such as the cannabinoid-1 receptor 
antagonist, rimonabant), GI-neural pathways (ghrelin antagonists), and local increases 
in cortisol (antagonists of adipocyte 11 [3 hydroxysteroid dehydrogenase type 1 activity). 

SUMMARY 

In summary, metabolic syndrome is defined by a cluster of risk factors associated 
with the development of cardiovascular disease. Obesity, in particular visceral adiposity, 
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insulin resistance, and some degree of abnormal glucose metabolism coupled with dys- 
lipidemia and abnormal BP are the hallmarks of the syndrome. A large body of epi- 
demiological data correlates the presence of metabolic syndrome with an increased risk 
of CVD and overall mortality. Because obesity is an increasing global burden, it is 
expected that the number of individuals with metabolic syndrome will increase as will 
the rates of morbidity and mortality from CVD. Efforts are underway to better under- 
stand the pathophysiology of metabolic syndrome and explore opportunities for its pre- 
vention and treatment. 
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I N T R O D U C T I O N  

Obesity, the so-called killer of the 21st century, is a serious and pervading health 
problem in the industrialized world and developing countries. Its prevalence is on the 
rise, and its cost to health systems is astounding. The risk of death from all causes rises 
as body mass index (BMI) increases for both men and women in all age groups (1). For 
example, a 20-yr-old Caucasian male with a BMI greater than 45 kg/m 2 is estimated to 
lose 13 yr of his life owing to obesity--a 17% reduction in life expectancy assuming a 
life expectancy of 78 yr (2). 

Concurrent with this increase in obesity, the prevalence of diabetes mellitus is also 
on the rise, with increasing trends being observed in all demographic groups: age, gen- 
der, and ethnicity (3). The annual cost attributed to diabetes, directly or indirectly, 
amounts to $132 billion (4). 

Hypertension affects approx 50 million individuals in the United States and approx 
1 billion individuals worldwide (5). It is the most common primary diagnosis in the 
United States, leading to 35 million office visits annually. 

In this chapter, we review the current knowledge, trends, and research in the field of 
hypertension in relation to type 2 diabetes and obesity. We explore the mechanisms, 
relationships, issues in management, and unique features of hypertension in persons 
with coexistent obesity and diabetes. 
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Fig. 1. Relationship of blood pressure to body mass index (BMI). The linear relationship exists even 
within the normal BMI range (1). 

18 

16 

14 
o 

12 

10 

i 8 6 

a. 4 

13 Women >=55 I 
• Women <55 / 
• Men >=55 [ 
• Men <55 ] 

18.5-24.9 25.0-29.9 30.0-34.9 35.0-39.9 >40.0 

Body Mare Index 

Fig. 2. Prevalence ratios of hypertension in relationship to body mass index (BMI). The prevalence 
of hypertension increases with increasing BMI (7). 

E P I D E M I O L O G Y  

Hypertension in Obesity 
The association of obesity and hypertension is well recognized. Population studies 

demonstrate a good correlation between BMI and blood pressure (BP) in both nor- 
motensive and hypertensive individuals (6) (Fig. 1). Data from the National Health and 
Nutrition Examination Survey (NHANES) show a strong linear relationship between 
rise in BMI and systolic blood pressure (SBP), diastolic blood pressure (DBP), and 
pulse pressure (7) (Fig. 2). This relationship remains consistent even in obese children 
and adolescents (8). The Framingham Heart Study showed that a weight gain of 5% 
increases the risk of hypertension by 30% in a 4-yr period (9). In regression models 
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corrected for age-related rise in BP, a gain of 1.7 kg/m 2 for men and 1.25 kg/m 2 for 
women in BMI or an increase of 4.5 cm for men and 2.5 cm for women in waist cir- 
cumference is associated with an increase in BP of 1 mmHg (10). It is important to 
note that there is considerable interindividual variability in the BP response to weight 
gain, and not all obese individuals become hypertensive (11). The underlying reasons 
for this variability remain unclear, but genetic factors are thought to contribute (11). 

Body fat distribution in obesity has also been linked to hypertension. Visceral adi- 
posity, measured using computed tomography, has been shown to increase the risk of 
hypertension (12). Numerous studies have also used different measurements, such as 
subscapular skinfold thickness and waist circumference, to imply central obesity. These 
surrogate measurements have modestly correlated with increased BP (13). 

Diabetes in Obesity 
It is estimated that 60-90% of individuals who have type 2 diabetes are obese. The 

reverse, however, is not true and the majority of patients who are obese do not become 
diabetic (14). In the NHANES analysis of health burdens associated with overweight 
and obesity, the prevalence rate of type 2 diabetes was three- to fourfold greater in the 
overweight and the obese (7). In this context, overweight is defined as a BMI of 25 kg/m 2 
or more, and obesity as a BMI of 30 kg/m 2 or more (2, 7). 

Hypertension in Diabetes 
Hypertension is more common in patients with diabetes, and persons with hyperten- 

sion are considerably more likely to develop diabetes than those without it (15,16). 
Type 2 diabetes mellitus is 2.5 times as likely to develop in hypertensive individuals as 
in their normotensive counterparts (16). Hypertensive individuals also generally have a 
greater BMI, waist-to-hip ratio, and higher fasting glucose and insulin levels, when 
compared with normotensive individuals (16). This suggests a clustering of characteris- 
tics compatible with metabolic syndrome. 

In type 1 diabetes, hypertension generally parallels the occurrence of renal disease 
(15). In type 2 diabetes, hypertension often parallels the progression of metabolic 
abnormalities, with its onset being less dependent on the occurrence of renal disease 
(15). A recent analysis of the database from the NHANES III population categorized 
adults over 50 yr of age by the presence of the National Cholesterol Education Program 
(NCEP)-defined metabolic syndrome, with or without diabetes. Risk factors for cardio- 
vascular disease (CVD), specifically hypertension, were comparable in patients who 
had metabolic syndrome, whether or not they had diabetes (17). These data strongly 
suggest the important role of the metabolic syndrome, much more than hyperglycemia, 
in mediating risk factors for CVD, including hypertension. 

Cardiometabolic Syndrome, Obesity, and Risk of  CVD 
Cardiometabolic syndrome is a clustering of maladaptive characteristics that confers 

an increased risk of CVD events. Insulin resistance clusters with hypertension, diabetes, 
and dyslipidemia and occurs in isolation in less than 20% of the population. Approximately 
44% of the US population over the age of 50 meets the NCEP Adult Treatment Panel 
criteria for metabolic syndrome (18). It is likewise extremely common in type 2 diabet- 
ics; only about 13% of patients do not have metabolic syndrome (17). These comor- 
bidities are known to act synergistically to increase the risk of CVD. Even mild 
hyperglycemia (i.e., impaired fasting glucose), when associated with moderate hyper- 
tension (SBP of 140-149), significantly increases CVD mortality (19). 
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MECHANISMS OF HYPERTENSION IN DIABETES AND OBESITY 

Sympathetic Nervous System 
Activation of the sympathetic nervous system (SNS) is well linked to the develop- 

ment of hypertension and age-associated obesity (20). It is a major common pathway 
known to alter peripheral vasoreactivity and renal volume and pressure handling, which 
ultimately results in obesity-induced hypertension. 

There is a tight association between norepinephrine (NE) levels and an elevation in 
BP during weight gain. Subjects with an elevation in BP accompanying weight gain 
have significantly higher plasma norepinephrine levels than those without an increase 
in BP, regardless of baseline BMI or BP (20). 

Sympathetic activity has also been directly assessed by regional NE spillover, 
microneurographic recording of muscle sympathetic nerve activity (21), and immuno- 
histochemical labeling of central neuron proteins (Fos and Fos-like proteins) involved 
in the regulation of arterial pressure (22). With these techniques, sympathetic hyperac- 
tivity has been demonstrated to occur when weight gain is accompanied by an elevation 
in BP. Moreover, it has been demonstrated that baroreflex-sympathetic modulation is 
impaired in obese subjects, such that when obesity and hypertension exist in the same 
patient, there is a particularly striking impairment of a major mechanism that restrains 
SNS activity (23). Central regulation of SNS activity is complex and involves a number 
of pathways and interconnections among several neurotransmitters and neuromodula- 
tors. The role of leptin on the activation of the central SNS has been the best studied. 
Other mediators of central SNS activation, whether acting through leptin or alone, 
include the hypothalamic melanocortin system through melanocortin receptor 3 and 4 
agonists and corticotropin-releasing factor (24,25). 

The increase in arterial pressure in response to a high-fat diet is also associated with 
increased tubular sodium reabsorption and subsequent positive sodium balance. This is 
completely attenuated by bilateral renal denervation, suggesting the significant role of 
the renal sympathetic nervous system (RSNA) in the development of hypertension (26). 
A progressively defective baroreflex control, causing sustained increases in RSNA, has 
also been shown to contribute to the development of hypertension (26). 

Kidneys 
The kidney is an organ rich in structures vulnerable to the metabolic insults brought 

about by diabetes and obesity. Both diabetes and obesity are well-recognized causes of 
renal structural and hemodynamic changes that independently predispose individuals to 
hypertension and nephropathy. 

RENAL STRUCTURAL CHANGES IN DIABETES AND OBESITY 

Hypertension often antedates and contributes to the development of nephropathy in 
many diabetic individuals. Diabetic nephropathy, which occurs after 15 yr of diabetes 
in 33% of people with type 1 diabetes and one-fifth of people with type 2 diabetes, is 
an important contributor to hypertension in persons with diabetes (27). 

The changes in kidney structure caused by diabetes are specific, creating a pattern not 
seen in other renal diseases. Type 1 and 2 diabetes differ in the degree of functional change 
relative to the severity of structural lesions (28). Microalbuminuric type 2 diabetic patients 
generally have normal glomerular structure and less severe glomerular lesions than 
microalbuminuric type 1 diabetic patients (28). The earliest pathological change seen in 



Obesity, Diabetes, and Hypertension 173 

patients with diabetes is an increase in the thickness of the glomerular basement mem- 
brane, followed by an increase in the mesangial matrix. These changes result in a general 
increase in glomerular volume. Increases in volume in this low-compliance capsule raise 
interstitial pressure, which slows intrarenal and tubular flow rate, leading to increased 
sodium reabsorption (29). Feedback mechanisms are then activated (i.e., increased 
glomerular filtration rate [GFR], stimulation of renin-angiotensin system [RAS]) to over- 
come this (30). This hyperfiltration eventually increases glomerular wall stress and in the 
presence of other risk factors provokes glomerulosclerosis and loss of functional nephrons. 
These mechanisms involve a complex interplay of mechanical forces, vasoactive sub- 
stances, cytokines, and growth factors (29) that ultimately contribute to hypertension. 

RENAL HEMODYNAMIC CHANGES IN DIABETES AND OBESITY 

Obese persons require an increased arterial pressure to maintain sodium balance. 
They often have an inappropriately small natriuretic response to a saline load and intra- 
glomerular pressure. There is a shift in the pressure-natriuresis curve toward a higher 
pressure, leading to hyperfiltration. In fact, the early glomerular hyperfiltration in obe- 
sity is often as great as observed in uncontrolled type 1 diabetes (30). 

The hypertension accompanying obesity is often a salt-sensitive type. This abnormal 
renal sodium handling is due to the result of the RSNA promoting tubular reabsorption 
(26), RAS activation (29), decreased circulating atrial natriuretic peptide (ANP) (31), 
and hyperinsulinemia through direct actions on the renal tubule (30). 

RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM 

Plasma renin activity is increased in many obese subjects despite marked salt reten- 
tion and increased extracellular fluid volume. Plasma renin activity is increased, in 
part, to SNS activation and as a response to reduced sodium delivery to the macula 
densa (29). Angiotensin II (Ang II) exerts autocrine, paracrine, and endocrine effects to 
stimulate sodium reabsorption and to shift pressure natriuresis (29). Increased levels of 
Ang II also upregulate the expression of transforming growth factor-[31 (TGF-[31), 
tumor necrosis factor-~ (TNF-~), vascular cell adhesion molecule-l, and nuclear factor-r,B 
(NF-w.B) (32). Ang II signals through the Ang I (AT1) receptor, which results in vaso- 
constriction, stimulation of growth, and activation of fibroblasts and myocytes (33,34). 
Ang II also stimulates the generation of reactive oxygen species (ROS), which is 
reversed by AT1 receptor blockade (33,34). Moreover, the angiotensinogen gene, which 
provides the precursor to Ang II production, is stimulated by NF-rO3 (33) and TNF-~ 
(35), thereby creating a self-perpetuating cycle of upregulation and damage. 

Aldosterone also appears to have effects on the brain, heart, vasculature, and kidneys 
that lead to elevated BP via genomic and nongenomic effects. These changes include 
enhanced SNS activity, reduced vascular compliance and endothelial-derived vasore- 
laxation, increases in volume expansion and reduced serum potassium, and increases in 
left ventricular mass and cardiac output (36). Aldosterone has been shown to contribute 
to the development of nephrosclerosis and renal fibrosis in models of diabetes and 
hypertension (36). In the deoxycortisone acetate salt hypertensive rat model, exogenous 
administration of mineralocorticoids induced lesions of malignant hypertension and 
stroke (37), while receptor blockade reduced proteinuria and nephrosclerotic lesions (38). 

ENDOTHELIAL DYSFUNCTION IN DIABETES: ITS EFFECT ON KIDNEYS 

Albuminuria is associated with an increase in mortality, mostly attributable to CVD 
(15). It is thought that microalbuminuria is a marker of generalized endothelial damage 



174 Tan et al. 

in patients with diabetes. This may help explain why diabetic glomerulosclerosis paral- 
lels diabetic atherosclerosis. 

There are several major hypotheses as to how hyperglycemia and other metabolic 
abnormalities cause diabetic nephropathy and hypertension. Increased activity of 
growth factors such as TGF-I], connective-tissue growth factor, and platelet-derived 
growth factor (PDGF) causes mesangial hypertrophy (39). Hyperglycemia causes de 
novo synthesis of diacylglycerol, leading to elevated protein kinase C activity (40), and 
subsequent activation of phospholipase A2 and increased arachidonic acid metabolite 
production, which then enhances vascular tone and permeability. Hyperglycemia also 
accelerates the formation of nonenzymatic advanced glycation end products (AGEs), 
which accumulate irreversibly in vascular tissue. AGEs form crosslinks and generate 
oxygen-derived free radicals (40). Glycosylation of collagen results in increased rigid- 
ity and decreased responsiveness to collagenase (41). Diabetes has been associated 
with an increased generation of ROS, which may impair endothelium-dependent 
vasodilatation through inactivation of nitric oxide (NO) (40). Activation of the polyol 
pathway results in the formation of sorbitol through aldose reductase, a reaction that 
utilizes nicotinamide adenine dinucleotide phosphate required for the production of 
NO synthase (NOS), cytochrome P450, and glutathione reductase, all of which have 
antioxidant activities (40). These metabolic and structural abnormalities may lead to 
increased vascular rigidity and decreased compliance, characteristics of the hyperten- 
sion accompanying obesity and diabetes. 

Natriuretic Peptide System 
The natriuretic peptide system is a major regulator of body fluid volumes and arterial 

pressure through several actions, including enhancement of natriuresis, inhibition of the 
RAAS, direct vasodilation, and possible inhibitory effects on arginine vasopressin and 
on the SNS (42). It consists of ANP, brain natriuretic peptide (BNP), and C-type natri- 
uretic peptide (CNP), each encoded by a separate gene (Fig. 3). These peptides, specifi- 
cally ANP, act by binding to specific natriuretic peptide receptors (NPrs), either coupled 
(NPr-A and NPr-B) or uncoupled (NPr-C) with guanylyl cyclase activity (42). NPr-A 
mediates most of the known activities of ANP, and the binding of ANP to this receptor is 
followed by an increase in plasma levels and urinary excretion of cyclic guanosine 
5"-monophosphate. NPr-C, on the other hand, appears to mediate the clearance of 
circulating natriuretic peptides and is therefore known as the "clearance" receptor (42). 

Human and rat adipose tissue contain very high levels of NPr-C mRNA (43,44), sug- 
gesting an increased clearance of natriuretic peptides in obese individuals. Data from 
the Framingham cohort demonstrate the inverse relationship between BMI and plasma 
natriuretic peptide levels (45). Plasma levels of ANP in obese hypertensive individuals 
are also reported to be lower than in obese normotensive individuals, with concomitant 
increases in the expression of the clearance receptor in the former (46). 

The role of the natriuretic peptide system in diabetes remains unclear. ANP levels 
are found to be lower in patients with type 2 diabetes mellitus despite normal extracel- 
lular fluid volume (47). These levels rise as renal function worsens, leading to increased 
glomerular filtration pressure, and are thus thought to contribute to the development of 
hyperfiltration and proteinuria in diabetic nephropathy (48). Type 2 diabetes mellitus, 
along with hypertension, has also been associated with elevated ANP levels in the pres- 
ence of normal renal function and normal or decreased plasma renin and aldosterone 
levels. In this setting, ANP levels are found to rise in parallel with mean arterial BR 



Obesity, Diabetes, and Hypertension 175 

/ 
Endotha n-1 I 

Plasma volume expansion ] 

1 
I 1 

' l  
Vasodilatation 
~I,'VSMC proliferation 

I I 1 

I Arteri°ven°us l 
~lr V vasodilatation 

q,.20 intake + + 

Enhanced renal 
; Na +, CI-. H20 excretion 

I 
,,kRenin 
,kAng II 
~kAIdosterone 

I .bAfferent tone 
,'l~Efferent tone 
,I~GFR 

Fig. 3. Physiology of natriuretic peptides. ANP is synthesized in atrial myocytes and BNP in ventric- 
ular myocytes. CNP is synthesized in vascular endothelium. All are released in response to shear 
stress. ANP and BNP have endocrine effects via NPrs (NPr-A and NPr-B), while CNP largely acts 
via autocrine and paracrine effects. ADH, antidiuretic hormone. (Adapted from ref. 3.) 

suggesting a counterregulatory role (42,48). Positive correlations between plasma lev- 
els of BNP and microalbuminuria, with significant correlations with albumin excretion 
rates, have also been found in patients with diabetes (47). This infers that the elevated 
BNP levels are caused, in part, by the presence of nephropathy. In states of obesity, 
insulin resistance, and diabetes, there appears to be resistance to the action of natri- 
uretic peptides (42). 

Endocrine System 
ROLE OF INSULIN AND HYPERINSULINEMIA 

Hyperinsulinemia accompanying insulin resistance has been debated as the link 
between obesity and hypertension. It is estimated that 40% of patients with essential 
hypertension have insulin resistance (15). Several mechanisms may be responsible for 
the high prevalence of insulin resistance in patients with essential hypertension. 
Hyperinsulinemia/insulin resistance has been shown to increase renal tubular sodium 
reabsorption (49), tissue renin-angiotensin-aldosterone system (RAAS) activation 
(49), and SNS activation (50). It also causes an elevation in intracellular calcium con- 
centration in vascular smooth muscle cells (VSMCs), leading to vasoconstriction (51), 
and causes proliferation of VSMCs and cardiac myocyte growth, leading to arteriolar 
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narrowing and cardiac hypertrophy (51). Associations between insulin concentration 
and hypertension have often been confounded by age and obesity (52). The distinction 
between hyperinsulinemia and insulin resistance is also important to make. 
Administration of insulin in healthy nonobese, normotensive subjects induces vasodi- 
latation and results in lowering of BP. These effects are blunted in obese, insulin-resistant 
hypertensive individuals (53). 

CORTISOL 

Cushing's syndrome is associated with the development of metabolic syndrome, and 
even subtle degrees of cortisol excess demonstrated in patients with adrenal inciden- 
talomas have been associated with increases in SBP and DBP and reduced insulin sen- 
sitivity when compared with control subjects (54). Furthermore, patients with both 
overt and subclinical Cushing's syndrome have been demonstrated to have an increased 
risk of CVD (55). Some variants of the glucocorticoid receptor gene (GRL) locus, BclI 
restriction fragment length polymorphism, have also been associated with an elevated 
BMI, abdominal obesity, increased leptin, and increased SBP (56). 

The hormone 11 ]3-hydroxysteroid dehydrogenase (111]-HSD) may play an important 
role in linking obesity to hypertension. 11 ~-HSD1 regenerates active cortisol from 
inactive 11-keto forms. Transgenic mice, that have a relative amplification of 1 I[3- 
HSD1 in white adipose tissue develop arterial hypertension, visceral obesity, diabetes, 
dyslipidemia, and insulin resistance (57). These mice are salt sensitive and have ele- 
vated levels of angiotensinogen, Ang II, and aldosterone, causing hypertension that is 
attenuated by AT 1 receptor antagonism. Thus, overexpression of 11 ]3-HSD 1 produces a 
salt-sensitive hypertension that is RAAS mediated. This hypertension is reflected by an 
appreciable hypertrophy and hyperplasia of the renal distal tubules, consistent with 
changes from chronic hypertension (58). On the other hand, 11]3-HSD1 deficiency, as 
demonstrated in 11 [3-HSD 1 null mice, has been shown to alter beneficially adipose tis- 
sue distribution and function, improve insulin sensitivity, reduce lipolysis, and counter- 
act the accumulation of visceral fat and its related metabolic abnormalities (59). 
Furthermore, corticotropin-releasing hormone receptor (CRH-R) types 1 and 2 have 
been isolated in human adipose tissue (60). These regulate adipocyte metabolism by 
downregulating 1113-HSD (61). 

THE ADIPOCYTE AND ITS ROLE IN DIABETES AND HYPERTENSION 

The adipocyte has been increasingly recognized in recent years as an important 
organ that secretes a number of hormones and adipose-specific cytokines, termed 
adipokines, that mediate important homeostatic pathways involved in metabolism and 
are linked to hypertension (Fig. 4).Visceral fat accumulation is characterized by pro- 
gressive infiltration of macrophages (62), which then secrete several proinflammatory 
cytokines: TNF-~, interleukin-6 (IL-6), IL-I-~. Along with insulin resistance, obesity is 
increasingly being recognized as a chronic, low-level, inflammatory state that leads to 
hypertension; metabolic derangements; and, ultimately, coronary heart disease (30,63). 
C-reactive protein (CRP), a predictor of CVD events in previous reports, is independ- 
ently related to insulin sensitivity in nondiabetic insulin-resistant individuals (64). A 
strong association likewise exists between CRP and BMI/waist circumference (64). 
Abnormalities in humoral and cellular immunity and the complement system have also 
been implicated in the development of hypertension (63). Whether these cytokines are 
produced as a result of ongoing atherosclerosis or insulin resistance or whether they 
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Fig. 4. Proposed role of adipose tissue in inflammatory mechanisms leading to hypertension. 
(Adapted from refs. 1, 31, and 42.) 

are primary occurrences in the cascade of events is still unclear and needs to be care- 
fully studied. 

Leptin. Leptin is a 167-amino acid protein that is expressed and secreted exclusively 
from adipocytes. It is mainly involved in the regulation of appetite, energy expenditure, 
and body weight (65). Aside from the regulation of food intake, leptin has been shown 
to cause dose-dependent increases in SNS activity in brown adipose tissue, kidney, and 
adrenal gland in rats (65). Leptin does not cause sympathoactivation in obese Zucker 
rats, which are known to possess a mutation in the gene for the leptin receptor. This 
suggests that the sympathetic action of leptin requires the presence of an intact leptin 
receptor. Central administration of leptin also increases catecholamine secretion, sug- 
gesting functions that are mediated by the central nervous system (CNS). Transgenic 
mice overexpressing leptin have elevated BP and urinary catecholamine levels that are 
abrogated by t~l-adrenergic, sympathetic ganglionic, and nonselective ~-adrenergic 
blockers (66). Furthermore, peripheral leptin receptors are known to exist in vascular 
endothelial cells and the adrenal medulla, which may, in part, mediate leptin's hyper- 
tensive effects (66). 

Resistin. Resistin is a 17.5-kDa cysteine-rich protein molecule that is secreted dur- 
ing adipogenesis. It has been proposed to be the link between obesity and insulin resist- 
ance. Serum levels of resistin were found to be elevated in diet-induced and genetically 
obese mice, because they gain weight and develop insulin resistance (67). However, 
human studies have provided conflicting results. Recent investigations on the role of 
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resistin in the development of hypertension have been in the context of insulin resist- 
ance (68,69). A direct relationship between resistin and hypertension has not been elu- 
cidated and remains an area that requires further investigation. 

Adiponectin. Adiponectin is a 244-amino acid protein that is the gene product of the 
adipose most abundant gene transcript-1 (apM1) and is secreted exclusively by 
adipocytes. Plasma adiponectin levels are negatively correlated with insulin sensitivity 
and fasting insulinemia, more closely than adiposity and glycemia (70). Adiponectin has 
also been found to be a modulator of vascular remodeling, attenuating the excessive 
inflammatory response in the vascular wall. Adiponectin-knockout (KO) mice have been 
found to have significantly reduced acetylcholine-induced vasorelaxation compared 
with controls (71). When fed a high-fat/high-sucrose/high-salt diet, body weight and 
SBP are significantly higher in adiponectin-KO mice compared with wild-type (WT) 
mice (71). In healthy nondiabetic individuals, adiponectin levels are independently asso- 
ciated with endothelium-dependent vasodilatation (72) and endothelium-independent 
vasodilatation (73). This association has been found to be weaker in patients with dia- 
betes (72), suggesting a multifactorial etiology for endothelial dysfunction. It is also 
proposed that adiponectin may have direct vascular effects. Plasma adiponectin has been 
shown to accumulate rapidly in the subendothelial space of the injured human artery 
(74). Adiponectin also stimulates the phosphorylation and activation of endothelial NOS 
via phosphatidylinositol-3-kinase-dependent pathways in vascular endothelial cells (75). 

Initial human studies on the direct relationship between adiponectin levels and essen- 
tial hypertension were inconsistent, and oftentimes studied in the context of adiponectin's 
relationship to insulin sensitivity (76-78). Recent studies show that hypoadiponectinemia 
is an independent risk factor for hypertension (79). Plasma adiponectin levels are also 
significantly decreased with increases in BE even in normotensive individuals without 
insulin resistance or diabetes (79). 

Pasminogen Activator Inhibitor-1. Plasminogen activator inhibitor-1 (PAI-1) is a 
key regulator of fibrinolysis by inhibiting tissue plasminogen activator (80). PAI-1 is 
overexpressed in the adipose tissue of obese mice and humans (81). Along with CRP, 
elevated PAI-1 levels are independently associated with the development of type 2 dia- 
betes in obese subjects (82). 

PAI-1 is induced both in vitro and in vivo by Ang II via the AT 1 receptor (83,84). 
Obesity results in increased activity and expression of the RAAS in adipocytes, which 
further upregulates PAI-1 expression (85). Compared with WT mice, high-fat diet- 
induced obesity, hyperglycemia, and hyperinsulinemia have been prevented in mice 
lacking PAI-1 (86). Obesity and insulin resistance are also attenuated by inhibition of 
angiotensin in WT controls, suggesting interactions of angiotensin and PAI-1 in both 
obesity and insulin resistance (86). 

Tumor Necrosis Factor-or. TNF-ct is another inflammatory adipocytokine that is 
implicated in the pathogenesis of insulin resistance. Genetically obese rodents are 
found to express a higher level of TNF-~ in their adipose tissue (87). TNF-tx levels are 
also positively correlated with BMI in humans up to a BMI of 45 kg/m 2, and levels are 
decreased with weight loss (88). 

The independent role of TNF-t~ in hypertension has not been studied as extensively 
as in obesity and insulin resistance. TNF-t~ is known to increase endothelin-1 (ET-1) 
(89) and Ang II (90). Its production is, in turn, stimulated by Ang II (90). TNF-~ pro- 
duction by the thick ascending tubule of the renal medulla has been found to be ele- 
vated in Ang II-dependent hypertensive rats. 
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Candidate gene investigations in hypertensive pedigrees of French-Canadian origin 
have also shown that the TNF-c~ gene locus contributes to the determination of obesity and 
obesity-associated hypertension (91). A positive and independent correlation between 
TNF-~ levels and SBP has been demonstrated in a Canadian cohort, paralleling the posi- 
tive correlation of TNF-o~ and insulin resistance. Stable TNF receptor fractions (sTNFR1 
and sTNFR2), which are proteolytically cleaved with TNF-~ binding, have also been used 
as indicators of TNF-c~ activation. The ratio of these soluble receptors is positively corre- 
lated with SBP and DBP (92) and is significantly greater in patients with type 2 diabetes 
than in patients with type 1 diabetes and in control subjects (63). Thus, enhanced TNF-~ 
activation may contribute to the link among obesity, insulin resistance, and hypertension. 

Interleukin-6. IL-6 is a multifunctional cytokine produced by immune cells, 
endothelial cells, fibroblasts, myocytes, and adipose tissue (63). It is considered a major 
regulator in the production of acute-phase reactants, such as CRP, PAl-1, and fibrino- 
gen, in the liver (30). 

Omental adipose tissue produces threefold more IL-6 than sc adipose tissue (93). 
Mechanisms of action include SNS activation, increased collagen synthesis, and 
increased angiotensinogen expression, leading to hypertension. A positive association 
between different measures of obesity and plasma IL-6 levels has been described in 
men and postmenopausal women (94,95). Studies relating hypertension and insulin 
resistance to IL-6 levels have yielded discordant results, with positive associations with 
hypertension observed in postmenopausal women (95,96) and with insulin resistance 
observed in men (96). A polymorphism in the promoter region of the IL-6 gene has 
also been found to show divergent associations with BP (97,98). 

Cardiovascular System 
CARDIAC MUSCLE: ADAPTATIONS TO OBESITY AND HYPERTENSION 

Obesity, and its resulting hypertension, have been shown to cause early intrinsic 
functional changes and long-term structural changes in the heart (99). Diet-induced 
obese and hypertensive dogs have been found to express certain cardiac genes in both 
the atria and ventricles, which are known to be involved in multiple cell functions. These 
include extracellular matrix (ECM) remodeling, cytoskeletal, nuclear and sarcolemmal 
structural processes, energy metabolism, ionic flux, cell proliferation, stress response, 
and signal transduction, that eventually lead to left ventricular hypertrophy (LVH) 
(99). Obese hypertensive rabbits have been found to have a reduced cardiac contrac- 
tile response to I]-stimulation using isoproterenol, and reduced diastolic compliance 
(100). These findings link obesity and hypertension to both systolic and diastolic 
dysfunction. 

Postmortem studies in healthy normotensive women demonstrate an increase in heart 
weight indexed to height (heart weight/height--g/m 2) over increasing tertiles of BMI 
and waist-to-hip ratio (101). In the absence of hypertension, the obese heart is subject 
to chronic volume overload owing to an elevated cardiac output, resulting in left ven- 
tricular dilatation and an eccentric pattern of LVH (102). Both concentric and eccentric 
LVH have been shown to increase the risk of systolic as well as diastolic dysfunction of 
the heart (103). Obesity has been identified as an independent predictor of left ventric- 
ular diastolic dysfunction and symptomatic heart failure (104). LVH in itself is a major 
CVD risk factor independent of both SBP and DBP (105). Obesity is associated with 
an increased resting heart rate and with decreased heart rate variability (106), a prog- 
nostic indicator of increased mortality (107). 
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VASCULAR SYSTEM 

Arterial stiffening occurs with aging and also results in higher SBP and widened 
pulse pressure. Accelerated arterial stiffness has been linked to diabetes, insulin resist- 
ance, and obesity (15). Investigators have demonstrated consistent associations of arte- 
rial stiffness with visceral adiposity across all tertiles of body weight (108). 

Endothelial Dysfunction in Obesity and Diabetes. The hemodynamic changes 
that occur in hypertension, obesity, and diabetes are complicated further by the pres- 
ence of endothelial dysfunction. The endothelium regulates vascular tone by releasing 
vasoactive substances such as ET-1 and NO. Both ET-1 and NO also have effects 
beyond their contributions to the regulation of vascular tone through the modulation of 
platelet activity, lipid oxidation, leukocyte chemotaxis, and local production of throm- 
botic factors as well as the growth and proliferation of VSMCs and mural fibroblasts. 
Imbalances in the actions of NO and ET- 1 are therefore of potential importance beyond 
the acute regulation of vascular tone (109). 

Role of ET-1. The ETs are potent 21 amino acid vasoactive peptides that are pro- 
duced by endothelial cells, smooth muscle cells of blood vessels, and adventitial fibrob- 
lasts and cardiomyocytes. ET-1 stimulates the production of growth factors such as 
vascular endothelial growth factor and basic fibroblast growth factor and potentiates 
the effects of TGF-~ and PDGF (110). Chronic ET-1 stimulation can result in myocar- 
dial fibrosis and hypertrophy and vascular fibrosis with ECM proliferation. ET-1 works 
through G protein-coupled ET receptors, ET A and ET B, on endothelial cells and smooth 
muscle cells (SMCs). ET A receptors induce vasoconstriction, cellular proliferation, and 
cell hypertrophy by increasing intracellular calcium (110). Endothelial ET B receptors 
stimulate the production of NO and prostacyclin, eliciting vasorelaxation. The predom- 
inant physiological action varies in the different vascular beds. ET A receptors are found 
in the medial smooth muscle layers of the blood vessels, and atrial and ventricular 
myocardium. ET B receptors are localized on endothelial cells, SMCs, and macrophages. 
In normal states, the vasoconstrictive actions of the ET A receptors are opposed by ET B 
receptors. However, in pathological states, there could be upregulation of the ET B 
receptors located on SMCs that function similarly to the ET A receptors, which amplify 
the vasoconstrictive and mitogenic effects of ET-1 (111). Wall stretch, ischemia, Ang 
II, low-density lipoprotein, thrombin, and glucose stimulate ET-l's production, whereas 
NO, prostacyclin, ANPs, and estrogens inhibit it (I10). 

Plasma ET levels are usually normal in essential hypertension. Individuals who have 
hyperinsulinemic insulin resistance have relatively elevated circulating levels of ET-1 
(109). Both obese persons and those with type 2 diabetes have similar but greater effects 
of ET-1 blockade when compared with healthy control subjects, suggesting increased 
contributions of ET-1 to vasoconstrictor tone (109). In subsequent studies, ET A recep- 
tor blockade resulted in significant vasodilation in overweight and obese but not in lean 
hypertensive subjects or normotensive control subjects, suggesting a selective enhance- 
ment of ETA-dependent vasoconstrictor tone in hypertensive patients with increased 
BMI (112). 

Role of NO. NO release from the endothelium plays an important role in the regu- 
lation of vascular tone, inhibition of both platelet and leukocyte aggregation and adhe- 
sion, and inhibition of cell proliferation. Obesity and diabetes have been 
independently found to affect several transcriptional and posttranscriptional regulatory 
pathways involved in the generation of NO. It is speculated that both calcium-dependent 
and -independent NO production is probably abnormal in the obese (113). An increase in 
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blood flow into the leg in response to methacholine, a muscarinic agent, is blunted in 
obese humans, with the degree of dilatation being inversely proportional to the degree 
of obesity (114). There is reduced NO-dependent dilatation in patients with the metabolic 
syndrome, in those with impaired glucose tolerance, and in first-degree relatives of 
patients with diabetes (115). 

GENETICS 

Hypertension is a complex multifactorial and polygenic disorder that results from an 
interaction between an individual's genetic background and various environmental fac- 
tors (116). An individual's capacity for a BP response to obesity might be modified by 
this complex interaction. The hypertensive effect of obesity is less in Pima Indians, 
Hispanic Americans, and African Americans than it is in Caucasians (117). Even among 
Caucasians, not all obese individuals are hypertensive. Various gene candidate and 
genetic linkage studies have identified several polymorphisms in several substances 
that have been associated with the development of hypertension. These studies have 
been limited by size and ethnic variation. A large-scale association study in 1940 unre- 
lated Japanese individuals found that two genetic polymorphisms (825CT in the G pro- 
tein [33 subunit gene and 190GA in the CC chemokine receptor 2 gene) were 
significantly associated with hypertension in men, and one polymorphism (-238GA in 
the TNF gene) was significantly associated in women (118). CC chemokine receptor 2 
is a receptor for monocyte chemoattractant protein-1 (MCP-!) and closely related pro- 
teins (MCP-2, -3, -4, and -5), both implicated in the development of coronary artery 
disease (CAD) (118). 

TREATMENT OF HYPERTENSION IN OBESE PATIENTS 
W I T H  DIABETES 

Initial evaluation of a hypertensive patient with diabetes should include a careful his- 
tory and physical examination, focusing on his or her overall cardiovascular risk (15). 
The degree of glucose control, presence of microvascular and macrovascular complica- 
tions, and existence of end-organ damage from hypertension should be emphasized. A 
search for secondary causes of hypertension should also be part of a good history. 
Physical examination should focus on measuring BP in an appropriate manner, along 
with obtaining a BMI measurement, examining optic fundi, performing auscultation of 
the lungs and heart, palpating of the abdomen for bruits, and evaluating the extremities 
for edema and reductions in pedal pulse. Laboratory evaluation should include a complete 
blood count, as well as serum magnesium, potassium, calcium, blood urea nitrogen, 
creatinine, and uric acid levels. A fasting blood glucose, glycosylated hemoglobin 
(HbAlc), fasting lipid profile, as well as urinalysis should be obtained. 

Several nonpharmacological and pharmacological modalities are available for the treat- 
ment and prevention of hypertension in the obese diabetic, which are discussed next. 

Nonpharmacological Treatment 
Nonpharmacological modalities should be emphasized to patients when they first 

present to the physician. Weight reduction, increased physical activity, and diet and 
lifestyle changes have been shown to provide benefit in ameliorating hypertension in 
the obese with diabetes. 
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EVIDENCE FOR BENEFIT OF WEIGHT Loss ON HYPERTENSION 

The Swedish Obese Subjects study is, to date, the largest prospective intervention study 
comparing the development of CVD risk factors in obese patients treated with gastric sur- 
gery vs matched severely obese control patients over a 10-yr period. A 23% maintained 
weight reduction for 2 yr resulted in a 2.J-fold reduction in the incidence of hypertension 
and a 32-fold reduction in the incidence of noninsulin-dependent diabetes mellitus (119). 

The effects of weight loss are also greatly limited by the fact that long-term nonsurgi- 
cal results of weight loss are disappointing, with most people regaining most of the 
weight initially lost. Patients in weight-loss programs averaging 6 mo to 1 yr can achieve 
an average weight loss of 8% of baseline weight (120). Several studies have therefore 
concentrated on the effects of modest weight loss on hypertension and risk of CVD. 

The Trial of Antihypertensive Interventions and Management showed that a weight 
loss of 4.5 kg or more, equivalent to approx 5% of baseline weight, lowered DBP to the 
same extent as a single dose of antihypertensive medication (121). Several studies have 
shown that a modest weight loss can lower or even discontinue the need for antihyper- 
tensive medication (121). A weight loss ranging from 3.5 to 4.5 kg, or 4.1 to 5.8% of 
baseline body weight, achieved through diet and lifestyle change, significantly reduced 
the incidence and risk of hypertension (122,123). 

EVIDENCE FOR BENEFIT OF PHYSICAL ACTIVITY ON HYPERTENSION 

Several clinical studies and cross-sectional studies have indicated that physical activ- 
ity or aerobic exercise is inversely associated with BP (124). Prospective studies have 
demonstrated that regular physical activity is associated with a significantly reduced 
risk of hypertension in men and women independent of age, education, smoking habits, 
alcohol intake, history of diabetes, BMI, and SBP at baseline (125). The protective 
effect of physical activity is also consistent in both overweight and normal-weight sub- 
jects (125). It has been hypothesized that increasing physical activity might reduce BP 
through decreased body weight or favorable changes in body fat distribution. 

The Finnish Diabetes Prevention Study showed that overweight subjects with glu- 
cose intolerance who received intensified lifestyle intervention, which consisted of diet 
and moderate exercise for at least 30 rain/d, resulted not only in a marked reduction in 
the risk of developing type 2 diabetes, but also in a significant drop in BP (4 mmHg for 
SBP and 2 mmHg for DBP compared with control subjects) (126). 

EVIDENCE FOR BENEFIT OF DIET ON HYPERTENSION 

The Dietary Approaches to Stop Hypertension (DASH), a diet regimen rich in fruits 
and vegetables, and low-fat dairy products, has been proven to significantly reduce BE 
and significantly more so in hypertensive individuals than in normotensive individuals 
(127). Studies on the effects of the DASH diet on the pressure-natriuresis curve show 
that this diet lowers BP through a natriuretic/diuretic action (128). These results empha- 
size the role of dietary interventions for the treatment of hypertension. 

Because obesity hypertension is considered a salt-sensitive form of hypertension, 
sodium restriction has been a proposed treatment strategy. Some studies have shown a 
modest effect (129), whereas others have observed dramatic reductions in BP (130). 

Pharmacological Treatment 
To date, only a few randomized controlled trials have been conducted to address 

specifically pharmacological treatment in the obese population (131,132). However, 
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large randomized controlled trials have been conducted on hypertension in diabetic 
populations. The choice of pharmacological agents to treat obese patients with hyper- 
tension and diabetes has to take into account the effects on body weight, metabolic 
disturbances, and complications of diabetes and/or hypertension. 

Major multicenter randomized controlled trials have proven the overwhelming bene- 
fits of good BP control in reducing CVD events (133). The United Kingdom Prospective 
Diabetes Study (UKPDS) demonstrated a 24% reduction in diabetes-related end 
points, including micro- and macrovascular disease, in patients with tight BP control 
(<150/85 mmHg) vs less-tight control (<180/105 mmHg) (134). The Hypertension 
Optimal Trial (HOT) found a 51% risk reduction in CVD events in individuals whose 
DBP was treated to <80 mmHg compared with those whose target was <90 mmHg 
(135). The Seventh Report of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure (JNC VII) recommends a BP goal 
of <130/80 mmHg among individuals with diabetes (5). 

THIAZIDE DIURETICS 

The Systolic Hypertension in the Elderly Program trial showed that chlorthalidone 
therapy (12.5-25 mg) was twice as effective in individuals with diabetes as in those 
without diabetes in reducing major CVD events (136). The Antihypertensive and 
Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) of 33,357 hyper- 
tensive individuals, 36% of whom were diabetic, concluded that neither calcium 
channel blockers nor angiotensin-converting enzyme (ACE) inhibitors were superior 
to diuretics (chlorthalidone) in preventing major coronary events or in increasing 
survival (133). 

Early studies have shown that obese elderly patients with hypertension who required 
treatment with diuretics and [3-blockers had a greater risk of developing type 2 diabetes 
than those who had normal BP (137). ALLHAT also demonstrated a higher incidence 
of new diabetes in the chlorthalidone group compared with either the amlodipine or 
lisinopril groups (133). The results on previous studies have not demonstrated any 
excess diabetogenic effects of thiazide diuretics (138,140,141). A recent prospective 
study in a relatively large group of hypertensive patients (median follow-up period of 6 
yr) demonstrated that baseline levels of plasma glucose and the use of diuretics 
(chlorthalidone or hydrochlorthiazide 12.5-25 mg daily) not only independently pre- 
dicted the development of new-onset diabetes,but also carried a risk of subsequent 
CVD events similar to that for those who already had diabetes and hypertension at the 
onset of the study (142). These data suggest that diuretics along with ~-blockers need 
to be started cautiously in hypertensive patients who have impaired fasting glucose 
(_>100 mg/dL) (143). 

ACE INHIBITORS AND ANGIOTENSIN II RECEPTOR BLOCKERS 

The JNC VII recommends that ACE inhibitor- or angiotensin receptor blocker 
(ARB)-based treatments have the added benefit of favorably affecting the progression 
of diabetic nephropathy and reducing albuminuria (5). This recommendation is based 
on results of controlled clinical trials. 

In the Heart Outcomes Prevention Evaluation (HOPE) trial, the use of ramipril in 
patients with diabetes lowered the risk of combined primary outcomes by 25%, myocar- 
dial infarction (MI) by 22%, stroke by 33%, CVD death by 37%, total mortality by 
24%, and overt nephropathy by 24% (144). All these were independent of the observed 
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effects in BP (144). Furthermore, there was a 30% decrease in the rate of development 
of diabetes (144). The MICRO-HOPE study found that an ACE inhibitor provided pro- 
tection against CVD events and attenuated the increase in proteinuria in patients with 
type 2 diabetes with microalbuminuria (145). 

ARBs have also been well documented to confer renoprotection in hypertensive 
patients with type 2 diabetes. The Reduction of Endpoints in NIDDM with the 
Angiotensin II Antagonist Losartan Study (146) and Irbesartan in Diabetic Nephropathy 
Trial (147) established reduction in proteinuria and renoprotection in patients with type 
2 diabetes with microalbuminuria or nephropathy, independent of BP lowering. In mul- 
tiple clinical trials, ARBs have also been shown to reduce the risk of new-onset dia- 
betes. In the LIFE trial, a 25% reduction in the risk of new-onset diabetes was observed 
in the losartan group compared to ~-blocker-based therapy (148). The Study of 
Cognition and Prognosis in the Elderly trial with candesartan also showed a similar 
result (149). The Candesartan in Heart Failure Assessment of Reduction in Mortality 
and Morbidity trial reported a 22% reduction in the risk of new-onset diabetes in 
patients with heart failure (150). The recently concluded Valsartan Antihypertensive 
Long-Term Use Evaluation trial, although showing no significant difference in the pri- 
mary end points in patients treated with valsartan vs those treated with amlodipine, also 
showed a significant (23%) risk reduction in new-onset diabetes (151). 

CALCIUM CHANNEL BLOCKERS 

Calcium channel blockers are very efficacious in lowering BP and are metabolically 
neutral for glucose and lipid profiles (152). Seventy-eight percent of patients in the 
HOT trial were taking felodipine, a long-acting dihydropyridine, along with an ACE 
inhibitor (41%) and [3-blocker (28%) (135). 

The placebo-controlled Systolic Hypertension in Europe Trial analyzed the effect of 
nitrendipine in systolic hypertension in the elderly. Patients with diabetes comprised 
10% of the total patients studied, and BP was lower in the nitrendipine group than in 
the placebo group. Nitrendipine reduced CVD events by 69%, CVD mortality by 76%, 
and overall mortality by 55%. These reductions were greater than those observed in the 
patients without diabetes (153). 

[~-BLOCKERS 

The use of [~-blockers has generally been avoided as a first-line agent in patients 
with type 2 diabetes mellitus. In a large prospective cohort of 12,550 nondiabetic 
adults, it was found that hypertensive patients who were taking ~-blockers had a 28% 
higher risk of diabetes than those taking no medication. Potential mechanisms by 
which ~-blockers may contribute to the development of diabetes include weight gain, 
attenuation of the [3-receptor-mediated release of insulin from pancreatic [3-cells, and 
decreased blood flow through the microcirculation in skeletal muscle tissue, leading 
to decreased insulin sensitivity (141). However, it is of note that in the UKPDS, despite 
being associated with greater weight gain, atenolol was as effective as captopril in 
protecting against vascular disease (134). Carvedilol, a nonselective [3-blocker, has 
been shown to reduce CVD mortality and microalbuminuria without adversely affect- 
ing glucose or lipid profiles (154). ~-Blockers have an important therapeutic role in 
patients with hypertension who have known CAD and in hypertensive patients who 
have diabetes, a population in which the prevalence of underlying coronary disease is 
very high. 
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ORAL DIABETIC AGENTS 

Metformin, acarbose, and thiazolidinediones (TZDs) are diabetic oral agents that have 
been found to improve insulin sensitivity and lower BP (155,156). Metformin has been 
found to produce a favorable CVD profile and to lower BP in a cohort of obese, hyperten- 
sive, nondiabetic women (155). The mechanism that leads to BP lowering was initially 
attributed to the improvement in insulin sensitivity (157). However, subsequent studies 
have proposed direct beneficial effects of metformin on decreasing intracellular calcium 
transients in the vascular smooth muscle (158) and inhibitory effects on the SNS (159). 

In the Study to Prevent Non-Insulin-Dependent Diabetes Mellitus (STOP-NIDOM) 
trial, acarbose was found to reduce significantly reduce the risk of new hypertension 
(>140/90 rnmHg), MI and CVD events in patients with impaired glucose tolerance (160). 
Acarbose was also associated with a small reduction in weight. However, this drug is 
poorly tolerated, mostly owing to gastrointestinal (GI) side effects, thereby limiting its use. 

TZDs, high-affinity peroxisome proliferator-activated receptor y (PPARy) ligands, 
are known to improve insulin sensitivity and to lower BP in a variety of hypertensive 
animal models as well as in diabetic and nondiabetic hypertensive humans (161). The 
mechanisms underlying their antihypertensive effects are not known. Recent studies 
have proposed that TZDs (pioglitazone) prevent hypertension by reducing free radical 
production and increasing NO production and availability (161). Rosiglitazone has also 
been found to restore the function of dopamine D1A receptors in the proximal tubules 
of obese Zucker rats, increasing sodium excretion (162). Unfortunately, TZDs also pro- 
mote adipogenesis (163) and can cause increased adiposity both in animal models of 
insulin resistance and in humans with type 2 diabetes (163). They are known to cause 
plasma volume expansion, leading to hemodilution and edema (163). Caution is war- 
ranted against the use of these agents in patients who may have early underlying heart 
disease, as can exist in a large percentage of the diabetic population. In the studies by 
Dobrion et al. (161) and Trivedi et al. (162), however, the antihypertensive effects of 
the occurred even with significant weight gain. Current work is focused on partial ago- 
nists to the PPAR T receptor that will differentially improve insulin resistance, yet curb 
weight gain and adiposity (164). 

WEIGHT LOSS AGENTS 

Orlistat and sibutramine are two pharmacological agents that have been shown to 
result in a 5-10% sustained weight loss for up to a period of 2 yr (165). Orlistat is a GI 
lipase inhibitor that reduces enteral fat absorption by about 30%. Reductions in BP and 
heart rate for a given weight achieved with orlistat treatment are similar to those 
expected with weight loss from lifestyle intervention (165). Sibutramine, a serotonin- 
and norepinephrine-uptake inhibitor, leads to weight loss by reducing hunger and 
enhancing satiety. Increases in BP and heart rate judged to be clinically significant 
were reported in 1-3% of participants in clinical trials. However, weight loss is associ- 
ated with a modest reduction in BP both in normotensive patients and in treated hyper- 
tensive patients. In general, the reduction in BP with sibutramine was about half of 
what might be expected for a given degree of weight loss (165). Obese and hyperten- 
sive patients who were well controlled on an ACE inhibitor with or without a diuretic 
lost 5-10% of their body weight on sibutramine without significantly affecting their BP 
control (166). This suggests that sibutramine is safe to use in obese patients with well- 
controlled hypertension. However, extreme caution should be exercised in those who 
have untreated or uncontrolled hypertension. 
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I N T R O D U C T I O N  

Type 2 diabetes is a coronary heart disease (CHD) risk equivalent, which means that 
the diagnosis of type 2 diabetes confers the same risk for CHD over a 10-yr period as a 
prior cardiovascular event. In addition to having markedly increased risk of CHD, 
patients with type 2 diabetes have much worse outcomes after a major cardiovascular 
event. Patients with diabetes who suffer a myocardial infarction (MI) have a 50% 
increased in-hospital mortality and a twofold increase in mortality 2 yr after the event 
(1,2). Data from large epidemiological studies show that 70% of patients with type 2 
diabetes will die of some form of cardiovascular disease (CVD). The accelerated ather- 
osclerosis seen among patients with type 2 diabetes begins years to decades before the 
diagnosis of diabetes. 

Whereas there is robust clinical evidence that tight glycemic control significantly 
reduces the incidence of microvascular disease in both type 1 and type 2 diabetes, there 
are no outcome studies showing that lowering hemoglobin A1C (HbA1C) reduces the 
incidence of macrovascular disease to the same degree (3-5). The United Kingdom 
Prospective Diabetes Study, the largest prospective study examining the effects of tight 
glycemic control in patients with type 2 diabetes, showed that lowering HbA1C signif- 
icantly reduced the frequency of microvascular disease, but the effect on macrovascular 
disease was not statistically significant (6). In the absence of clinical trial data support- 
ing a relationship between improved glycemic control and reduced risk of CHD, an 
understanding of the pathophysiology and treatment of other modifiable metabolic 
abnormalities that often cluster with type 2 diabetes and independently increase risk of 
CHD may help reduce the incidence of and mortality from CHD in this population. The 
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dyslipidemia associated with type 2 diabetes and insulin resistance is one such modifiable 
risk factor. Large interventional studies have shown that lowering low-density lipoprotein 
(LDL) cholesterol reduces cardiovascular risk by as much as 30% among patients with 
type 2 diabetes (7). Lowering triglyceride levels and raising high-density lipoprotein 
(HDL) levels are also associated with lower rates of CHD, although outcome studies of 
these lipid parameters are comparatively less robust than those for LDL cholesterol (8). 

Obesity, in particular abdominal obesity, is commonly seen in patients with type 2 
diabetes. Abdominal obesity poses an independent risk of CVD even in the absence of 
diabetes, however, because it causes insulin resistance and an overall proinflammatory 
state. The increased risk of CHD among patients with abdominal obesity has been 
demonstrated in studies focusing on individuals with metabolic syndrome. 

Metabolic syndrome (also referred to as syndrome X or insulin resistance syndrome) 
is a cluster of metabolic abnormalities that together equal more than the sum of their 
parts in terms of cardiovascular risk and all-cause mortality (9). Several organizations 
have formulated criteria for diagnosing metabolic syndrome, including the World 
Health Organization, the European Group for the Study of Insulin Resistance, the 
American Association of Clinical Endocrinologists, and the National Cholesterol 
Education Program/Adult Treatment Panel III (NCEP/ATP III). The individual criteria 
for diagnosis are not uniform, but most include threshold values for lipids, blood pres- 
sure (BP), and glucose, as well as a measurement of insulin resistance, such as waist 
circumference. 

Despite differences in individual diagnostic criteria, the common goal among these 
organizations is to identify individuals who will benefit from aggressive risk reduction 
and heightened surveillance for the development of diabetes or CVD, two common 
sequelae of metabolic syndrome. In large European cohorts, the diagnosis of metabolic 
syndrome increased risk of cardiovascular mortality by two- to threefold (10). A study 
examining carotid intima-media thickness, which is a proxy for overall atherogenesis, 
found that insulin resistance predicted the degree of atherogenesis as well as elevated 
LDL cholesterol in patients with metabolic syndrome and no history of diabetes (11). 
Similarly, the Women's Ischemia Syndrome Evaluation study found that the risk of an 
adverse outcome after a cardiac event was similar among women with metabolic 
syndrome and known coronary artery disease (CAD) and women with diabetes (12). 
The pathophysiological basis for increased atherogenicity in patients with type 2 diabetes 
and insulin resistance is an area of active investigation. Emerging data suggest that 
insulin resistance in muscle, fat cells, and liver causes many aspects of the dyslipidemia 
and increased risk of CHD in this population (13). 

In the United States, the ATP III criteria are used most commonly for clinical diag- 
nosis of metabolic syndrome (Table 1). According to these guidelines, individuals with 
three or more of the criteria carry the diagnosis of metabolic syndrome. Data from the 
Third National Health and Nutrition Examination Survey (NHANES III) show that 
24% of the US population (47 million people) meets ATP III criteria for metabolic 
syndrome; the prevalence soars to 43% for adults age 60 and older (14). By comparison, 
15% of nondiabetic adults in Europe have metabolic syndrome (10). 

Although the ATP III criteria are helpful in identifying individuals at high risk of 
CVD and diabetes, there are several caveats. First, because a diagnosis of metabolic 
syndrome is made when an individual meets three or more of the criteria, the popula- 
tion of patients who carry this diagnosis is heterogeneous. Some patients have low 
HDL, high triglycerides, and an increased waist circumference, whereas others have 
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Table 1 
NCEP/ATP III Diagnostic Criteria for Metabolic Syndrome a 

Measurement Value 

Waist circumference 
Fasting triglycerides 
BP 
HDL cholesterol 
Fasting glucose b 

>88 cm for women, >102 cm for men 
>150 mg/dL 
>130/85 mmHg 
<50 for mg/dL for women, ___40 mg/dL for men 
> 110 mg/dL 

aDiagnosis is made when three or more of the criteria are present. 
bThis does not reflect the 2004 ADA criteria for impaired fasting glucose (100-125 mg/dL) and may 

change to _>100 mg/dL. 

hypertension, elevated fasting glucose, and dyslipidemia. Analysis of NHANES III 
data from 1988 to 1994 shows that 84% of those who met ATP III criteria for metabolic 
syndrome had obesity, 75% had hypertension, 75% had low HDL, 74% had elevated 
triglycerides, and 41% had elevated fasting glucose (15). Emerging data suggest that 
the more criteria met, the greater the risk of CHD, but it remains to be determined 
which combinations of metabolic abnormalities confer greatest risk. Second, the quan- 
titative thresholds for dyslipidemia do not take into account qualitative changes in 
lipoproteins that occur in the setting of type 2 diabetes and insulin resistance. As dis- 
cussed later in this chapter, qualitative changes in lipoproteins may contribute signifi- 
cantly to increased cardiovascular risk. Third, the ATP III criteria may not apply 
uniformly across ethnic groups. There is some evidence that African Americans who 
are insulin resistant do not have hypertension or the same lipid abnormalities as 
Hispanics or non-Hispanic whites (16). This population may therefore not meet the cri- 
teria commonly used for diagnosis of metabolic syndrome and, consequently, may not 
be screened as aggressively (16). 

This chapter focuses primarily on the dyslipidemia associated with type 2 diabetes 
and obesity as part of the insulin-resistant metabolic syndrome. We first provide an 
overview of the major lipoproteins and lipoprotein metabolism. We then present the 
characteristics and mechanisms of dyslipidemia associated with diabetes and obesity. 
Lipid goals according to the American Diabetes Association (ADA) and ATP III criteria 
are reviewed and lipid-lowering treatment options are discussed. We first discuss the 
benefits of lifestyle modificationl Then we discuss the mechanisms of action of the 
lipid-lowering medications available in the United States and review clinical trial data 
relevant to the management of patients with diabetes and the metabolic syndrome. The 
lipid-lowering effects of oral hypoglycemics are addressed next, and we describe one 
agent under investigation that targets HDL cholesterol. At the end of the chapter, we 
briefly discuss dyslipidemia associated with type 1 diabetes (insulin deficiency) and 
with insulin-resistant states including human immunodeficiency virus (HIV) and poly- 
cystic ovary syndrome (PCOS). 

OVERVIEW OF LIPOPROTEINS AND L I P O P R O T E I N  METABOLISM 

The lipoproteins discussed in this chapter are chylomicrons, very low-density lipopro- 
teins (VLDLs), intermediate-density lipoproteins (IDLs), LDLs, and HDLs (Fig. 1). The 
absolute and relative amounts of triglyceride and cholesterol in lipoprotein particles 
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Fig. 1. Characteristics of the major lipoproteins. 

assign them their individual characteristics and relative degrees of atherogenicity. 
Lipoprotein particle size also contributes to atherogenicity, because smaller, denser par- 
ticles penetrate the blood vessel wall more easily. Once inside the blood vessel, lipid 
particles can be oxidized and integrated into the atheromatous plaque (17). 

The most triglyceride-rich lipoproteins are chylomicrons and VLDL particles. 
Chylomicrons (85% triglycerides, 5% cholesterol) are synthesized and secreted by the 
small intestine. Their role is to carry dietary triglycerides throughout the body and to 
deliver dietary cholesterol back to the liver. VLDL particles (55% triglycerides, 19% 
cholesterol) are synthesized and secreted by the liver. VLDL particles deliver triglyc- 
erides and cholesterol made in the liver to tissues throughout the body. IDL particles 
(23% triglycerides, 38% cholesterol) are produced when VLDL particles are partially 
hydrolyzed. LDL particles (6% triglycerides, 50% cholesterol) are commonly referred 
to as "bad cholesterol." They are the final product in the sequential breakdown of VLDL 
particles and are smaller and denser than VLDL and IDL particles. In the setting of ele- 
vated circulating triglycerides, LDL particles are hydrolyzed and become even smaller 
and denser. HDL particles (5% triglycerides, 20% cholesterol ester, 50% apoprotein) 
are made in both the liver and small intestine. HDL particles deliver cholesterol from 
peripheral tissues back to the liver for elimination via a process called reverse choles- 
terol transport. Reverse cholesterol transport is cardioprotective--peripheral tissues 
have no other way of removing excess cholesterol. 

The major enzymes that regulate lipid metabolism are lipoprotein lipase (LPL), hepatic 
lipase (HL), hormone-sensitive lipase (HSL), and cholesterol ester transfer protein 
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Table 2 
Actions of Major Enzymes Involved in Lipid Metabolism 

Enzyme Substrate End product 

LPL Chylomicrons FFAs, glycerol 
VLDL IDL 
IDL LDL 
Triglyceride-rich HDL Buoyant HDL 

HL Buoyant LDL Small, dense LDL 
Buoyant HDL Small, dense HDL 
HDL Cleared particles 

HSL Adipocytes FFAs 
CETP VLDL Triglyceride-rich LDL and HDL 

(CETP). Table 2 summarizes the actions of these enzymes. LPL is a hydrolytic enzyme 
that is synthesized in adipocytes and myocytes. LPL resides on the luminal side of the 
capillary wall in most tissues and plays a key role in exogenous and endogenous lipid 
metabolism by converting chylomicrons into nonesterified fatty acids and glycerol and 
orchestrating the lipid depletion sequence that converts VLDL into IDL and then LDL 
(18). An additional role for LPL is the conversion of dense, triglyceride-rich HDL par- 
ticles into more buoyant, less atherogenic HDL particles (18). HL, an enzyme synthe- 
sized by hepatocytes, adrenal cells, and gonadal cells, hydrolyzes triglycerides and 
phospholipids in LDL and HDL particles. Increased HL activity causes conversion of 
large, buoyant HDL and LDL particles into small, dense, and more atherogenic parti- 
cles. HL may also play a role in the clearance of HDL particles and in the conversion 
of IDL into LDL (19,20). HSL hydrolyzes adipocytes, causing the release of free fatty 
acids (FFAs). Increased HSL activity raises the amount of circulating FFA in the body. 
CETP exchanges antiatherogenic lipoprotein particles for proatherogenic particles in 
both HDL and LDL. The net effect of CETP activity is to reduce HDL levels and to 
decrease LDL particle size. 

CHARACTERISTICS AND MECHANISMS OF DYSLIPIDEMIA 
IN DIABETES AND OBESITY 

Patients with diabetes and obesity typically have an atherogenic dyslipidemia char- 
acterized by elevated triglycerides and low HDL levels as well as an increased propor- 
tion of small, dense LDL particles. Total LDL levels may be modestly increased but are 
comparable with those of the general population, although an individual with type 2 
diabetes and a total LDL of 100 mg/dL may actually have many more circulating small, 
dense LDL particles than an individual with normal insulin sensitivity and the same 
LDL level. Individuals with diabetic dyslipidemia and significantly elevated LDL lev- 
els are considered to have a mixed dyslipidemia. As discussed later, mixed dyslipi- 
demia poses particular challenges with respect to dietary counseling and may require 
pharmacological therapy with more than one medication. 

Hypertriglyceridemia 
Triglycerides come from the diet (exogenous) or are newly synthesized by the liver 

(endogenous) using dietary carbohydrate precursors and reesterified fatty acids 
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Fig. 2. Mechanism by which insulin resistance leads to hypertriglyceridemia. In the setting of insulin 
resistance, there is decreased FFA uptake by fat cells and increased HSL activity, both of which lead 
to increased FFA in the circulation. Increased FFA delivery to the liver causes increased secretion of 
triglyceride-rich VLDL particles. Impaired or reduced activity of LPL in the setting of insulin resist- 
ance leads to diminished lipolysis of VLDL particles, also contributing to hypertriglyceridemia. 

absorbed from peripheral tissues. Exogenous triglycerides circulate as chylomicrons, 
while endogenous triglycerides combine with hepatic cholesterol to form VLDL parti- 
cles, which are secreted into the circulation by hepatocytes. 

Abnormalities of LPL activity, HSL activity, and fatty acid metabolism all contribute 
to baseline and often extreme postprandial hypertriglyceridemia associated with type 2 
diabetes and insulin resistance (Fig. 2). Although fasting LPL levels are typically 
increased in the setting of obesity because of the large number of adipocytes, insulin 
resistance at the level of the fat cell causes decreased LPL activity and, therefore, an 
abnormal response of LPL to a glucose load (21,22). Diminished LPL activity leads to 
an accumulation of atherogenic LDL precursors, such as VLDL, in the circulation 
(18,22,23). HSL activity is increased in type 2 diabetes, which causes increased circu- 
lating FFA. In the setting of insulin resistance, adipocytes take up less circulating FFA. 
This situation, called reduced fatty acid trapping, allows excess FFA delivery to the 
liver, which, in turn, causes increased hepatic secretion of VLDL particles (24). This is 
most pronounced and prolonged after a meal. 

Decreased HDL 
Reduced HDL leads to diminished clearance of cholesterol from peripheral tissues. 

The actions of CETP illustrate why hypertriglyceridemia and reduced HDL typically 
go hand in hand in patients with type 2 diabetes (Fig. 3). In the setting of elevated cir- 
culating triglycerides, CETP allows an increased influx of VLDL triglycerides into 
HDL particles. This occurs as an exchange reaction, with a simultaneous effiux of cho- 
lesteryl ester out of HDL particles. This process leads to reduced HDL levels owing to 
increased clearance of HDL particles. Triglyceride-rich HDL particles are preferen- 
tially broken down in the liver by HL and are stripped of an important structural protein 
called Apo A-l ,  which is cleared by the kidney. There is also reduced production of 
HDL particles in type 2 diabetes owing to abnormal LPL activity, causing decreased 
conversion of dense, triglyceride-rich HDL to more buoyant particles. 
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Fig. 3. Hypertriglyceridemia causes a reduction in HDL via actions of CETP. CETP exchanges 
triglycerides (TG) from VLDL particles with cholesteryl esters from HDL particles. The resulting 
triglyceride-rich HDL particles are small and dense and are substrates for HL. 
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Fig. 4. Hypertriglyceridemia promotes a shift toward small, dense LDL via actions of CETE CETP 
exchanges triglycerides from VLDL particles with cholesteryl esters from LDL particles. The triglyc- 
eride (TG)-rich LDL particles are then converted into small, dense LDL particles, which are more 
atherogenic. 

Qualitative Changes in LDL: LDL Particle Size 
As already mentioned, although the total LDL level may be normal or only modestly 

elevated in patients with type 2 diabetes and insulin resistance, there are frequently 
qualitative changes in LDL particles that confer increased risk of CHD. As individuals 
proceed from normal insulin sensitivity to insulin resistance, VLDL particles become 
larger and LDL particles become smaller. Individuals with type 2 diabetes have been 
shown to have smaller, denser LDL particles even after adjusting for elevated triglyc- 
eride levels and lower HDL levels (25). 

LDL particles are divided into two subclasses based on particle size and athero- 
genicity. Pattern A particles are buoyant and pattern B particles are small, dense, and 
more atherogenic. Pattern B molecules are formed by a lipid-exchange process similar 
to that that occurs in HDL particles in the setting of elevated triglycerides (Fig. 4). 
Through the actions of CETP, triglyceride from VLDL is exchanged with cholesteryl 
ester from LDL. Hydrolysis of the triglyceride-rich LDL particle produces smaller, 
denser LDL particles. Hypertriglyceridemia and increased circulating FFAs both pro- 
vide a metabolic environment that favors LDL remodeling (22). 

Pattern B particles are considered more atherogenic than pattern A particles for several 
reasons: they adhere to and penetrate the arterial wall more easily, they are more toxic to 
endothelial cells, they exert a procoagulant effect by causing greater production of plas- 
minogen activator inhibitor-1 by endothelial cells, and they are oxidized more easily 
(22,26). Studies done in the general population and in diabetic populations have shown 
that individuals with elevated levels of pattern B particles are at higher risk of CHD (26). 
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Table 3 
Guidelines for Lipid Levels in Patients With Type 2 Diabetes 

ADA ATP III 

Total cholesterol 
LDL cholesterol 

HDL cholesterol 

Triglycerides 

No specific goal 
< 100 mg/dL 

>50 mg/dL in women 
>40 mg/dL in men 
<150 mg/dL 

<200 mg/dL 
< 100 mg/dL 
<70 mg/dL if very high risk a 
>45 mg/dL 

<150 mg/dL 

aThis is a therapeutic option published in the 2004 ATP III guidelines. Very high-risk 
individuals are those with known CHD, or a CHD risk equivalent plus one or more addi- 
tional risk factors. Risk of CHD in this population is >20% over 10 yr. 

Glycosylation of LDL 
Epidemiological data have demonstrated that higher HbA1C levels are associated 

with higher rates of CHD (6). Severe hyperglycemia may worsen diabetic dyslipidemia 
via glycosylation of LDL particles. Glycosylated LDL particles are thought to have 
increased atherogenicity (27,28). Advanced glycation end products may modify LDL 
particles such that they have reduced affinity for hepatic LDL receptors and thereby a 
prolonged half-life (29,30). LDL particles that "live longer" may have a greater likeli- 
hood of becoming oxidized or taken up by macrophages, in turn leading to the forma- 
tion of foam cells (29,30). 

T R E A T M E N T  OF DYSLIPIDEMIA 

Lipid Goals 
The ATP III and the ADA have independently established lipid targets and treatment 

priorities for individuals with type 2 diabetes (Table 3). Both organizations endorse an 
LDL goal of <100 mg/dL for patients with type 2 diabetes, although the ATP III pub- 
lished guidelines in July 2004 that offered an optional LDL goal of <70 mg/dL for very 
high-risk individuals, which includes people with diabetes and known CHD (31). The 
ADA suggests initiating medical therapy if LDL is >100 mg/dL and there is known 
CHD or peripheral vascular disease, or if LDL is >130 mg/dL without known CHD 
(32). The ATP III guidelines similarly suggest starting pharmacotherapy if the LDL is 
>100 mg/dL and there is known CHD but also state that medical therapy is indicated if 
non-HDL cholesterol (total cholesterol minus HDL cholesterol) is >130 mg/dL and 
triglycerides are >200 mg/dL (31). Despite these evidence-based lipid goals, a world- 
wide survey of 2000 physicians found that although 91% of patients with type 2 dia- 
betes are screened for lipid abnormalities, only about 50% achieve target lipid values 
(33). Patients with type 2 diabetes and known cardiovascular disease (CVD) tend to be 
treated more aggressively than those without known disease, but this large survey found 
that only 59% of physicians were aiming for LDL levels <100 mg/dL (33). 

Therapeutic Strategies 
The ATP III guidelines recommend therapeutic lifestyle changes, including weight loss, 

dietary modifications, and exercise, as the cornerstones of therapy for all components of 
metabolic syndrome. The ADA recommends similar lifestyle modifications (31,32). 
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WEIGHT LOSS 

Studies examining lipid parameters after weight loss was achieved with or without 
prescription medication for weight reduction have yielded conflicting results. A small 
nonrandomized trial of sibutramine, one of the two available weight-lowering medica- 
tions in the United States, showed that 12 mo of sibutramine treatment plus a low-calorie 
diet yielded significantly lower triglyceride levels and higher HDL levels, although 
LDL and total cholesterol levels did not change significantly (34). Three months of 
treatment with orlistat plus a low-calorie diet resulted in significant reductions in total 
cholesterol, LDL cholesterol, LDL particle concentration, and insulin levels; this nonran- 
domized study did not show a significant increase in HDL levels (35). A much larger, 
randomized, placebo-controlled study of orlistat treatment for 2 yr showed that BP and 
lipid parameters improved in both groups during the 4-wk placebo lead-in period and 
that the effect was sustained in the orlistat but not the placebo group (36). LDL cholesterol 
was reduced 10 points in the orlistat group compared with 8 points in the placebo 
group, although there was no significant change in HDL or triglyceride levels (36). 
Together these studies indicate that weight loss alone may not be sufficient for improving 
dyslipidemia in patients with morbid obesity. 

DIETARY MODIFICATIONS 

Both the ATP III and the American Heart Association (AHA) recommend a stepwise 
approach to lowering the relative amounts of dietary fat and cholesterol. The AHA Step 
1 diet contains <30% total fat, <10% saturated fat, and <300 mg of total cholesterol. In 
general, the Step 1 diet can lower total cholesterol by 5-7%. The Step 2 diet, which is 
followed if Step 1 does not effectively modify the lipid profile, contains <30% total fat, 
<7% saturated fat, and <200 mg of total cholesterol. The Step 2 diet may lower choles- 
terol 3-7% beyond that achieved by the Step 1 diet. 

It is important to recognize that dietary recommendations aimed primarily at lower- 
ing total cholesterol and LDL levels without attention to triglyceride or HDL levels may 
not be appropriate for patients with diabetic dyslipidemia. Neither epidemiological studies 
nor outcome studies have demonstrated a strong association between total fat intake and 
the risk of developing diabetes or CVD (37). People typically reduce fat intake in an 
effort to lower cholesterol levels, but without appropriate nutritional counseling, individ- 
uals will often increase carbohydrate intake as they reduce dietary fat. Carbohydrates 
raise triglyceride levels and lower HDL levels, usually without an added effect on LDL. 

Hu and Willett (38) have published a comprehensive review of epidemiological and 
clinical trial evidence regarding the optimal diet for CHD reduction. They summarized 
data from low-fat diets, diets high in polyunsaturated fat, diets with increased omega-3 
fatty acids (discussed in greater detail later in this section), and what that they termed a 
whole-diet approach (38). Low-fat diets (20-30% of calories from fat) had no signifi- 
cant effect on CHD event rates or total cholesterol. Diets high in polyunsaturated fat 
and low in saturated fat reduced CHD events by 25-44% in three large studies and total 
cholesterol by 13-15% in four large studies (both reductions were statistically signifi- 
cant). Diets high in omega-3 fatty acids reduced CHD events by 30% in two large stud- 
ies. The whole-diet approach, which includes a high intake of fruits; vegetables; nuts; 
and olive, canola, or flaxseed oil, reduced CHD events by 40-70% in two large studies 
of male patients who have had an MI (38). 

By putting this clinical evidence into practice, it is found that a better strategy for 
individuals with elevated triglycerides and low HDL levels is to limit carbohydrate 
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intake and replace saturated fat with mono- and polyunsaturated fat. The total fat con- 
tent in this diet might be higher than that recommended in the AHA Step 1 or 2 diets, 
but the addition of "good" fats rather than excess carbohydrates more closely addresses 
the lipid abnormalities in diabetic dyslipidemia and the proven approaches to CHD 
reduction. Dietary counseling for patients with mixed dyslipidemia, including elevated 
triglycerides, low HDL levels, and frankly elevated LDL levels, is more challenging 
and should incorporate aspects of the Step 1 and 2 diets, increased intake of monoun- 
saturated fats, and reduced amounts of carbohydrates. All nutrition counseling must 
also include attention to overall caloric reduction in order to achieve weight loss. 

Modest alcohol intake has been shown to have cardioprotective effects (39). This has 
been widely advertised and patients frequently ask about alcohol consumption. All 
types of alcohol appear to raise HDL levels by decreasing CETP activity. However, the 
recommendation of routine alcohol intake among individuals with type 2 diabetes 
should be offered very cautiously. Alcohol is preferentially oxidized in the liver, leav- 
ing circulating FFAs as available substrate for the synthesis of triglyceride. Even modest 
alcohol intake can dramatically raise serum triglycerides. 

Another dietary intervention that has received popular attention is increased intake of 
omega-3 fatty acids, which include long-chain eicosapentaneoic acid (EPA) and docosa- 
hexanoic acid (DHA) and short-chain ~-linolenic acid. Omega-3 fatty acids are found in 
soy, olive, flaxseed, and canola oils and in fatty fish. They may also be taken as a dietary 
supplement. Omega-3 fatty acids are thought to have several cardioprotective effects, 
including lowering of triglycerides, slowing of the growth of atherosclerotic plaque, reduc- 
tion in thrombogenesis, and promotion of nitric oxide-induced endothelial relaxation (40). 
Secondary prevention trials have shown that the addition of omega-3 fatty acid to the diet 
significantly reduced the incidence of fatal and nonfatal MI and stroke in patients with 
known CHD (40--42). In 2002, the AHA published recommendations regarding fish, fish 
oil, and omega-3 fatty acid consumption. According to the AHA, people without CHD 
should eat fatty fish (salmon, mackerel, fresh tuna) at least twice weekly and to include oils 
and foods rich in t~-linolenic acid in their diet. Those with known CHD should consume 1 g 
of long-chain omega-3 fatty acid daily (EPA + DHA), preferably from fish but alternatively 
from a dietary supplement. Individuals with hypertriglyceridemia should consume 2-4 g of 
EPA + DHA daily in capsule form under the supervision of a physician (40). 
EXERCISE 

Daily aerobic exercise is an important lifestyle modification that can improve the 
lipid profile in patients with type 2 diabetes or insulin resistance, especially if exercise is 
combined with appropriate dietary recommendations to achieve weight loss. 
Independent of weight loss, however, exercise increases insulin sensitivity, raises HDL 
levels, and lowers triglycerides. The mechanisms through which these beneficial changes 
occur are essentially the opposite of those that go awry in diabetes and obesity. Exercise 
increases skeletal muscle LPL activity, which lowers triglyceride levels (43). When cir- 
culating triglycerides are reduced, there is reduced CETP-mediated exchange of lipid 
from triglyceride-rich particles to HDL particles. HDL particles with lower triglyceride 
content are less vulnerable to clearance and, therefore, the HDL level increases. Exercise 
also causes increased formation of HDL cholesteryl esters and decreased hepatic lipase 
activity, both of which contribute to increased HDL levels (43). 
PHARMACOTHERAPY 

Although attention to diet, weight loss, and exercise is essential for patients with 
diabetic dyslipidemia and insulin resistance, many are unable to attain desirable lipid 
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profiles with lifestyle modification alone. ATP III guidelines recommend pharmacother- 
apy if the LDL goal is not met after a 3-mo trial of lifestyle modification alone (two 
follow-up visits scheduled 6 wk apart) (44). In practice, treatment with lipid-lowering 
agents is common. 

HMG-CoA Reductase Inhibitors. HMG-CoA reductase inhibitors, well known as 
"statins," competitively inhibit the rate-limiting step in cholesterol synthesis. LDL 
receptor activity is upregulated in the setting of reduced cholesterol synthesis, leading 
to a reduction in LDL cholesterol level. Statins also reduce the formation and entry of 
LDL and IDL into the circulation (45). The effect of statins on triglycerides and HDL 
levels is less robust than their LDL-lowering effect. The ADA and ATP III endorse 
statins as first-line lipid-lowering therapy for patients with type 2 diabetes. The 
American College of Physicians published recommendations in April 2004 stating that 
statins should be used at moderate doses for primary prevention in all patients with 
type 2 diabetes who have one or more additional cardiac risk factors and for secondary 
prevention in all patients with type 2 diabetes and known CAD, regardless of baseline 
LDL levels (46). 

The statins available in the United States include lovastatin, pravastatin, fluvastatin, 
atorvastatin, and simvastatin. The most potent for LDL reduction are simvastatin and 
atorvastatin. At maximal dosing, these medications can lower LDL cholesterol 45-55% 
and decrease triglycerides 20-45% (45,47). Greater triglyceride reduction is seen when 
initial triglyceride levels are markedly elevated. Statins can raise HDL levels by 5-10% 
but are not first-line therapy for raising HDL, particularly if initial HDL levels are 
<40 mg/dL. In terms of dose titration, doubling the dose of a statin above the minimal 
effective dose generally decreases LDL concentration by an additional 6% (45). 

One potential side effect of statins is myositis, which occurs in roughly 0.1% of 
patients. Creatine kinase (CK) levels may increase to more than 10 times the normal 
value and patients may experience muscle soreness, weakness, and fatigue (45). On 
occasion, patients may have symptoms of myositis with only mild elevations in CK. 
Rarely, rhabdomyolysis can occur, and myoglobinuria associated with rhabdomyolysis 
can put patients at risk of renal failure. Statins should be prescribed with caution for 
patients with diabetic nephropathy and for elderly patients, who may have significantly 
diminished glomerular filtration rates (GFRs) even with creatinine levels in the normal 
range. Statins cause elevations in transaminases in 1 to 2% of patients, but this is gen- 
erally not clinically significant and typically does not require discontinuation of the 
medication. Significant hepatotoxicity from statins is extremely rare (45). Statins do 
not adversely affect glycemic control. 

In 2002, the American College of Cardiology (ACC), AHA, and National Heart, Lung, 
and Blood Institute (NHLBI) established guidelines for statin use, which include check- 
ing baseline transaminases and CK levels prior to starting the medication (48). If transam- 
inases are less than three times the upper limit of normal, statins are not contraindicated. 
If symptoms of myositis develop, CK level should be checked. If it is less than three 
times the upper limit of normal, the statin may be continued, but a lower dose should be 
considered and CK levels should be monitored. If the CK level is greater than 10 times 
normal, the statin should be discontinued. Asymptomatic patients with elevated CK levels 
may continue to take statins but should have CK levels checked periodically (48). 

Several large, randomized clinical trials have shown convincingly that statins reduce 
risk of CHD and improve outcomes when used for primary or secondary prevention of 
CHD in patients with type 2 diabetes. The 2004 ATP III guidelines show a log-linear 
relationship between LDL levels and relative risk (RR) of CHD, such that for every 1% 
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reduction in LDL levels, RR for major CHD events is reduced by 1%. This relationship 
appears to hold for LDL levels well below 100 mg/dL, suggesting that there is no lower 
threshold for LDL reduction (31). Subgroup analyses of patients enrolled in the 
Scandanavian Simvastatin Survival Study (4S), the Heart Protection Study (HPS), and 
the Cholesterol and Recurrent Events (CARE) trial show that statins reduce the inci- 
dence of CHD events by 25-50% in patients with type 2 diabetes (7,49-51). 

The first large, randomized, placebo-controlled trial focusing on primary prevention of 
CHD exclusively in patients with type 2 diabetes is the Collaborative Atorvastatin Diabetes 
Study study. This trial examined the effects of l0 mg of atorvastatin vs placebo on risk of 
CHD. The study was stopped nearly 2 yr early because of the significant difference in 
CHD events in the treatment group. Patients who received l0 mg of atorvastatin daily had 
a 37% reduction in all major cardiovascular events, including acute MI, stroke, angina, or 
revascularization. The reduction in stroke risk was even greater, with 48% fewer patients in 
the atorvastatin group experiencing a stroke (52). At study entry, 25% of patients had LDL 
cholesterol levels <100 mg/dL, suggesting that even when LDL levels are at goal, there 
may be significant benefit to statin therapy among patients with type 2 diabetes. 

Bile Acid-Binding Resins. Resins bind bile acids in the small intestine and inter- 
rupt their enterohepatic circulation. When fewer bile acids are returned to the liver, 
there is increased conversion of hepatic cholesterol into bile acids. This, in turn, leads 
to a relative depletion of hepatic cholesterol pools, an upregulation of hepatic LDL 
receptors, and an overall reduction in LDL levels (45). However, when hepatic choles- 
terol stores are decreased, hepatic synthesis of cholesterol increases, which results in 
increased secretion of VLDL particles into the circulation. The elevation in circulating 
triglycerides that occurs with resins mitigates their LDL-lowering effect (45). 
Additional adverse effects of these medications include bloating and constipation. 

Bile acid-binding resins include cholestyramine, colestipol, and colesevelam. 
Cholestyramine is available only as a powder, limiting palatability and compliance. 
Colestipol and colesevelam are available as tablets, but the number of pills necessary to 
achieve maximal dosing ranges from 6 to 30. At maximal doses of cholestyramine (24 g/d) 
or colestipol (30 g/d), LDL levels may be reduced by approx 25% (45). Reduction in 
LDL is slightly less for colesevelam. Given the tendency for patients to comply poorly 
with dosing levels and/or regimens, these agents achieve the greatest LDL-lowering 
effect when used in combination with a statin. 

Fibrates. Fibrates, such as gemfibrozil and fenofibrate, are fibric acid derivatives 
that work through activation of peroxisome proliferator-activated receptor o~ (PPARtx), 
a nuclear transcription factor. Activation of PPARt~ has pleiotropic effects, including 
upregulation of LDL cholesterol and apolipoprotein AI genes and increased LPL 
expression. Activation of PPAR leads to increased oxidation of fatty acids in both liver 
and muscle. In liver, this causes increased formation of ketones and decreased secretion 
of triglyceride-rich lipoproteins. In muscle, increased oxidation of fatty acids is associ- 
ated with an increase in LPL activity and fatty acid uptake. Fibrates also cause increased 
buoyancy of LDL particles and are thought to have an anti-inflammatory effect at the 
level of endothelial cells (45). 

Fibrates are generally well tolerated. When used alone or in combination with other 
lipid-lowering medications, fibrates reduce triglyceride levels and increase HDL. The 
combination of a fibrate, particularly gemfibrozil, and a statin increases the risk of 
myopathy to approx 1% (53). Gemfibrozil, but not fenofibrate, interferes with glu- 
curonidation and, therefore, clearance of most statins, but both gemfibrozil and fenofibrate 
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may reduce clearance of statins by adversely affecting liver function (53). Fibrates and 
statins are cleared renally and should be used very cautiously in combination if there is 
renal impairment. Renal function, best measured by estimated GFRs, should determine 
initial dosing and dose titration. Baseline liver function tests and CK levels are recom- 
mended prior to initiating a fibrate, and the previously mentioned 2002 
ACC/AHA/NHLBI guidelines for statin use also apply to fibrate/statin combination 
therapy (48). Fibrates do not adversely affect glycemic control. 

Two large randomized, placebo-controlled studies have examined the effects of fibrates 
on risk of CHD in patients with type 2 diabetes and insulin resistance. The Helsinki Heart 
Study showed a 68% reduction in CHD events among patients with diabetes treated with 
gemfibrozil; however, this result was not statistically significant owing to the small num- 
ber of diabetic patients enrolled (54,55). The Veterans Affairs-High-Density Lipoprotein 
Cholesterol Intervention Trial, a large secondary prevention study, showed a significant 
24% reduction in CHD events over 5 yr among patients with diabetes treated with gemfi- 
brozil (56). The Diabetes Atherosclerosis Intervention Study, which used angiography to 
assess the rate of progression of CAD in patients treated with a fibrate vs placebo, found a 
40% reduction in the progression of local atherosclerosis among patients treated with 
fenofibrate (57). There is a large ongoing primary prevention trial examining the effects of 
fenofibrate on cardiovascular mortality among 9000 patients with diabetes and average 
cholesterol levels, the results of which will contribute significantly to outcome data on the 
use of fibrates in this population. 

Niacin. Niacin, a form of nicotinic acid, inhibits mobilization of FFA from periph- 
eral tissues (primarily fat), in turn reducing hepatic production and secretion of triglyc- 
erides (45). Niacin also causes a shift from small, dense to large, buoyant LDL particles 
and increases HDL levels through either increased HDL synthesis or reduced hepatic 
clearance of apolipoprotein A-1, a major structural protein on HDL particles (45,58). In 
patients with significantly elevated triglycerides and modestly elevated LDL, 2 g of 
niacin daily can lower triglycerides by 20-50% and LDL by 20% (58). 

The most common adverse effect of niacin is flushing, which usually occurs 30 min 
after taking the medication and can last for up to 60 min. This may be ameliorated by 
taking an aspirin 30 min prior to taking niacin. Additional adverse effects include gastric 
irritation; elevation of transaminases; and hyperuricemia, which can precipitate a gouty 
flare. Case reports and relatively small studies have demonstrated worsening glycemia in 
patients with and without type 2 diabetes treated with niacin (58). This has led clinicians 
to be particularly cautious about using niacin in patients with impaired fasting glucose or 
impaired glucose tolerance (IGT), out of concern that the medication may lead to frank 
diabetes in this population. However, recent studies have shown that elevations of blood 
glucose in patients treated with extended-release niacin decrease over time and that the 
effect on HbA1C is minimal in patients with type 2 diabetes (59,60). 

Sterol Inhibitors. Ezetimibe, a relatively new cholesterol-lowering agent, acts on 
the intestinal wall to inhibit absorption of cholesterol and the glucuronide metabolite 
(61). The medication undergoes enterohepatic circulation and is repeatedly delivered 
back to the gut. Ezetimibe can lower LDL cholesterol by approx 17%, making it com- 
parable to resins as adjuvant LDL-lowering therapy (61). This medication could be 
used as first-line therapy in patients who have only mildly elevated LDL levels and 
cannot tolerate statins. The effect of ezetimibe on HDL cholesterol and triglycerides is 
less than that of fibrates or niacin; it is generally not used as first-line therapy for rais- 
ing HDL or lowering triglyceride levels (61). 
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Combination Therapies. Combination therapy may be necessary if LDL reduction is 
not achieved with a statin alone, if triglycerides are markedly elevated, or if HDL is sig- 
nificantly reduced. Titrating the dose of a statin from 40 to 80 mg daily is associated with 
a threefold increase in liver toxicity and myopathy (with the exception of extended-release 
fluvastatin), whereas the addition of a fibrate, a resin, or the sterol inhibitor ezetimibe to 
a statin can lower LDL an additional 18% (62). This reduction in LDL is comparable 
with that achieved by tripling the dose of a statin. 

One comparison of the lipid-lowering effects of atorvastatin, fenofibrate, or both in 
patients with type 2 diabetes showed that the atorvastatin-fibrate combination led to a 
46% reduction in LDL cholesterol, 50% reduction in triglycerides, and 22% increase in 
HDL (63). These changes were significantly better than those achieved with either drug 
used as monotherapy (63). Similarly, a larger multicenter study showed that a simvas- 
tatin-fibrate combination reduced total cholesterol, non-HDL, VLDL, and triglyceride 
levels significantly more than simvastatin or fenofibrate alone (64). Finally, subgroup 
analysis of patients with metabolic syndrome enrolled in the HDL-Atherosclerosis 
Treatment Study, a 3-yr, double-blind trial examining the effect of niacin, simvastatin, 
and antioxidants on lipid profiles and progression of stenosis, found that simvastatin 
plus niacin had the greatest effect on raising HDL and increasing the percentage of less 
atherogenic LDL particles (65). Progression of stenosis decreased by 90%, and rates of 
coronary death, nonfatal MI, stroke, and revascularization were reduced by 40% in 
patients receiving simvastatin plus niacin (65). 

Oral Hypoglycemics. Because the vast majority of patients with type 2 diabetes are 
treated for years with oral hypoglycemics, the effect of these medications on diabetic 
dyslipidemia is of interest. The most commonly prescribed oral hypoglycemics in the 
United States include second-generation sulfonylureas (glyburide, glipizide, and 
glimepiride), glinides (repaglinide and nateglinide), ~-glucosidase inhibitors (acarbose 
and miglitol), biguanides (glucophage) and thiazolidenediones (TZDs) (rosiglitazone 
and pioglitazone). On the whole, studies examining the effects of individual oral hypo- 
glycemics on lipid parameters have been relatively small, although some have shown 
statistically significant improvements in lipid parameters. 

Buse et al. (66) published a comprehensive review of the effects of oral hypo- 
glycemics on lipid parameters. They conclude that studies examining the effects of 
sulfonylureas and glinides have not consistently demonstrated statistically significant 
effects on lipid profiles (66). The effects of ~-glucosidase inhibitors on lipid profiles 
have been studied only in small numbers of patients. Statistically significant but 
clinically modest reductions in LDL levels have been shown with this class of 
medication (66). Glucophage, the most commonly prescribed biguanide in the United 
States, has been shown in some, but not all, studies to reduce total cholesterol levels 
significantly when dosed maximally. Its effect on LDL, HDL, and triglyceride is incon- 
sistent across studies, but the trend is toward modest improvement in each of the lipid 
parameters (66). 

The most clinical trial data are emerging for TZDs. There appear to be small differ- 
ences between the two available agents in this class, pioglitazone and rosiglitazone, 
with pioglitazone showing a slightly more favorable effect on the lipid profile overall. 
Pioglitazone has been shown to increase both LDL and HDL levels, with an inconsis- 
tent effect on total cholesterol levels (66). The qualitative increase in LDL seen with 
both pioglitazone and rosiglitazone treatment is thought to be owing to increased LDL 
particle size and buoyancy and may therefore exert a positive effect on lipid profile. In 
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a large observational trial, pioglitazone reduced triglycerides and increased HDL levels 
to the same degree as either statins or fibrates (67). 

Two large, multicenter, randomized clinical trials have examined lipid profiles after 
adding pioglitazone to metformin or sulfonylureas. Pioglitazone added to either medica- 
tion decreased triglyceride levels by 20% and increased HDL levels by 22% (68). LDL 
levels decreased slightly when pioglitazone was added to a sulfonylurea and increased 
slightly when pioglitazone was added to metformin (68). The add-on effects of pioglita- 
zone occurred independent of glycemic control. The results of three large ongoing stud- 
ies examining the effects of pioglitazone vs sulfonylureas on cardiovascular events and 
mortality as well as one study comparing ramipril, rosiglitazone, both, or neither on 
carotid intima thickness should add to the understanding of the nonhypoglycemic effects 
of TZDs. Combination therapies of TZDs plus statins or fibrates (PPARot/T therapy) are 
currently being investigated for potentially additive effects on lipid parameters. 

Future Therapies: CETP Antagonists. If a very low HDL level is the primary, or 
even only, lipid abnormality in a patient with diabetes and obesity, highly effective 
therapeutic options are limited. A potentially promising therapeutic target for primarily 
raising HDL levels is CETP. As shown in Fig. 3, when HDL and VLDL particles col- 
lide in the circulation, CETP exchanges VLDL with cholesteryl ester. The triglyceride- 
rich HDL particles are more vulnerable to clearance and the net effect is lower HDL 
levels. Torcetrapib is a recently developed inhibitor of CETP. Early studies have exam- 
ined the effects of torcetrapib used alone or in combination with atorvastatin on HDL 
levels (69). At a low dose, torcetrapib alone increased HDL levels by 46%, and at a 
higher dose HDL levels increased by 106% (69). The higher dose of torcetrapib also 
resulted in a 26% reduction in triglycerides (69). The quantitative effect on LDL cho- 
lesterol was modest, but there were significant qualitative changes in LDL particles. 
Torcetrapib alone at low and high doses increased levels of pattern A LDL particles by 
257 and 294%, respectively (69). Additional studies of this CETP inhibitor, including 
outcome studies examining effects of the medication on CHD events, are under way. 

O T H E R  INSULIN-DEFICIENT A N D  -RESISTANT STATES 

Type 1 Diabetes MeUitus 
Type 1 diabetes is an insulin-deficient state, but some patients have significant insulin 

resistance in addition to insulin deficiency. The prevalence of dyslipidemia in type 1 
diabetes is less than that in type 2 diabetes. The Wisconsin Epidemiological Study of 
Diabetic Retinopathy found that among 801 subjects with type 1 diabetes, 17% had 
hypercholesterolemia (defined as total cholesterol >240 mg/dL) and 29% had border-line 
high cholesterol (200-239 mg/dL) (5). The Diabetes Control and Complications Trial 
included a larger population of patients with type I diabetes and found that lipids and 
lipoprotein profiles were similar to those found in nondiabetic subjects (3). However, 
when type 1 diabetes is poorly controlled or untreated, patients may have markedly ele- 
vated triglycerides, especially postprandially. 

Hypertriglyceridemia is primarily owing to insulin resistance and increased dietary 
triglycerides in type 2 diabetes, but hyperglycemia is thought be the underlying cause 
of hypertriglyceridemia in type 1 diabetes. Hyperglycemia causes hepatic overproduc- 
tion of VLDL and reduced LPL activity, leading to decreased VLDL clearance (47). 
Insulin therapy improves glycemia and normalizes LPL activity (47). In fact, intensive 
insulin therapy can actually overcorrect dyslipidemia and produce low triglyceride levels; 
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the clinical significance of hypotriglyceridemia is not known. HDL levels may be nor- 
mal or even elevated in type 1 diabetes, but as with type 2 diabetes, normal lipoprotein 
levels may be misleading. Patients with type 1 diabetes may have qualitative lipopro- 
tein abnormalities, including cholesterol enrichment of VLDL and chylomicron rem- 
nants and glycosylation of LDL particles if there have been periods of severe 
hyperglycemia (47). The clinical significance of qualitative lipid abnormalities in type 
1 diabetes is less well understood than in type 2 diabetes. 

H I V  Lipodystrophy and Dyslipidemia 
Patients with HW who are treated with antiretroviral medications, in particular protease 

inhibitors but also several other antiretroviral medications, often have a metabolic profile 
characterized by severe hypertriglyceridemia, modest hypercholesterolemia, decreased 
HDL, hyperinsulinemia and insulin resistance, and lipodystrophy (sc lipoatrophy of the 
face, extremities, and gluteal region and lipohypertrophy of the abdomen, dorsocervical 
area, and breasts) (70). Some patients also have IGT. Early HIV literature describes ele- 
vated triglycerides and VLDL levels in HIV patients not treated with highly active anti- 
retroviral therapy (HAART), suggesting that the disease itself may also contribute to 
dyslipidemia. Subsequent observational studies have found multiple risk factors for HIV 
lipodystrophy, including interactions between the HW itself and HAART (70, 71). 

Recognition and treatment of HIV-associated dyslipidemia is increasingly important 
in an era when patients are achieving sustained virological suppression and living 
longer. Studies are beginning to show that dyslipidemia as a risk factor for CHD applies 
to the HIV population, just as it does to the general population. A cross-sectional 
Norwegian study of 700 HIV-positive patients treated with HAART found that 12% of 
patients receiving HAART but only 5% of control subjects had a 10-yr CHD risk of 
>20% (which is the same 10-yr risk as for someone with diabetes or known CHD) (72). 
Smoking, increased total cholesterol, and decreased HDL all contributed to the signifi- 
cantly increased risk of CHD among this group of HIV patients (72). 

Hypertriglyceridemia is the most common lipid abnormality associated with the use 
of protease inhibitors. Triglyceride levels are typically elevated by 200-300%, but there 
have been reports of even greater increases, putting patients at risk of pancreatitis 
(70,71). By comparison, total cholesterol levels tend to be increased by 30-40% 
(70, 71). There are several proposed mechanisms by which protease inhibitors cause 
hyperlipidemia, including alteration of gene regulation within the adipocyte (reduced 
adipogenesis and increased lipolysis), competitive binding to LDL receptor-related 
protein, downregulation of the LDL receptor, and stimulation of hepatic triglyceride 
synthesis (70, 71). In addition, elevated cytokine levels in HIV patients may lead to 
downregulation of LPL, HL, and CETP, leading to elevated triglyceride and decreased 
HDL levels (70, 71). Recommendations for screening and treatment of patients with 
HIV dyslipidemia include routine monitoring of lipid profiles in all patients receiving 
antiretroviral therapy as well as ensuring a proper diet, getting regular exercise, stopping 
smoking, restricting alcohol intake, and monitoring for hypertension. 

Pharmacotherapy should be initiated if lifestyle modifications are not effective, but 
choosing a lipid-lowering agent is complicated by the interaction between protease 
inhibitors and several of the statins. Simvastatin and lovastatin are both cleared hepati- 
cally via cytochrome P450 mechanisms, as are protease inhibitors. Simultaneous use of 
these medications may lead to increased toxicity through decreased clearance of the 
statin. Pravastatin is cleared via non-P450 mechanisms and is preferred, but atorvastatin, 
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which has reduced interaction with protease inhibitors, may also be used with careful 
monitoring. In a small placebo-controlled randomized study of HIV patients taking 
protease inhibitors, pravastatin led to reductions in total LDL levels, small LDL particles, 
and small VLDL particles and also improved endothelial function, as measured by 
flow-mediated vasodilation (73). 

If the most significant metabolic abnormality is hypertriglyceridemia, first-line ther- 
apy may be a fibrate, which can lower triglycerides by 40%. A small randomized trial 
showed that fenofibrate led to significant reductions in triglycerides, total cholesterol, 
and non-HDL cholesterol and a significant increase in HDL cholesterol (74). In this 
study, fenofibrate also increased LDL particle size and enhanced LDL resistance to 
oxidation (74). Fibrate metabolism is not affected to the same degree as statins by pro- 
tease inhibitors. Resins would not be a good choice for patients with HIV/HAART- 
associated dyslipidemia owing to their triglyceride-raising effects, and niacin may 
similarly not be a good choice in HIV patients with IGT (71). 

TZDs are being investigated for their effect on insulin resistance in HIV lipodystro- 
phy. Initial results are conflicting. Small studies have shown that rosiglitazone increased 
peripheral sc fat in patients with HIV lipodystrophy, but a fairly large randomized study 
showed that 48 wk of rosiglitazone therapy did not improve any HIV lipodystrophy end 
point and caused asymptomatic hypertriglyceridemia and hypercholesterolemia (75, 76). 
Novel therapies, including recombinant human growth hormone, leptin, and protease 
inhibitors that do not cause dyslipidemia, are currently in the clinical trial stage. 

Polycystic Ovary Syndrome 
Women with PCOS typically have insulin resistance and hyperinsulinemia, both of 

which lead to reproductive and metabolic abnormalities. Obese women with PCOS often 
meet the criteria for metabolic syndrome, because they frequently also have hypertension 
and glucose intolerance. Not all studies have found that women with PCOS have signifi- 
cant lipid abnormalities, however, and those that have suggest that the dyslipidemia asso- 
ciated with PCOS is much more heterogeneous than that associated with type 2 diabetes. 
The lack of a characteristic lipid profile among women with PCOS is probably owing to 
the fact that a heterogeneous group of women carries this diagnosis. Troglitazone, a TZD 
no longer available in the United States, can improve insulin sensitivity, ovulatory func- 
tion, and hirsutism among women with PCOS, but it has not been shown to affect lipid 
profiles in this population (77). Moreover, retrospective studies have not shown that women 
with PCOS have increased risk of CHD above that of the general population. 
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I N T R O D U C T I O N  

The prevalence of obesity is increasing globally and is associated with an increased 
risk of coronary artery disease (CAD), hypertension, dyslipidemia, and type 2 diabetes. 
The coexistence of obesity, hypertension, dyslipidemia, and insulin resistance or 
impaired glucose metabolism has been termed the metabolic syndrome. Many studies 
have shown that people with metabolic syndrome or type 2 diabetes are more likely to 
experience cardiovascular events even in the absence of baseline evidence of cardiovas- 
cular disease (CVD). This increased risk of CVD is owing to a complex interplay of 
many risk factors, one of which is endothelial dysfunction. Endothelial dysfunction is 
an early event in atherogenesis and has been shown to precede by several years the 
development of clinically detectable atherosclerotic plaques in the coronary arteries. 
Recent evidence points to adipose tissue as a complex and active endocrine tissue 
whose secretory products, including free fatty acids (FFAs), leptin, adiponectin, tumor 
necrosis factor-o~ (TNF-o0, interleukin-6 (IL-6), resistin, and other cytokines, play a 
major role in the regulation of human metabolic and vascular biology. As a result, 
adipocytes are now claimed to be the missing link between insulin resistance and CVD. 
Lifestyle modification in the form of caloric restriction and increased physical activity 
is the most common approach used for improving endothelial and/or adipose-tissue 
functions with the expectation that this may reduce cardiovascular events in obese indi- 
viduals with either the metabolic syndrome or type 2 diabetes. 

OBESITY 

Obesity is defined as having an excess amount of fat in relation to lean body mass 
as indicated by a body mass index (BMI) of 30 kg/m 2 or higher, and a BMI between 

From: Contemporary Diabetes: Obesity and Diabetes 
Edited by: C. S. Mantzoros © Humana Press Inc., Totowa, NJ 

213 



214 Soodini et al. 

25 and 30 kg/m 2 indicates being overweight. The prevalence of obesity is increasing 
globally (1-5) and there is a parallel increase in type 2 diabetes (6). A number of stud- 
ies have shown that cardiovascular complications account for most of the morbidity 
and mortality associated with diabetes and the metabolic syndrome. It has also been 
shown that the risk of developing a myocardial infarction (MI) in diabetic patients with 
no prior history of coronary heart disease is equivalent to the risk observed in nondia- 
betic survivors with a prior MI (7). 

E N D O T H E L I A L  D Y S F U N C T I O N  

The vascular endothelium is no longer viewed as an inert lining of blood vessles. It 
plays a vital role in vascular homeostasis, vascular tone regulation, vascular smooth 
muscle cell proliferation, leukocyte migration, thrombosis, and thrombolysis (8,9). In 
response to various mechanical, autonomic, and chemical stimuli, endothelial cells 
synthesize and release a large number of vasoactive substances, growth modulators, 
and other factors that mediate these functions. Endothelial dysfunction is described as 
a state in which factors that favor a vasoconstrictive, growth-promoting, procoagulant, 
and proinflammatory state become predominant over mediators that facilitate a 
vasodilator, growth-inhibiting, anticoagulant, and anti-inflammatory state (10). It has 
been established that endothelial dysfunction is one of the earliest steps in the process 
of atherosclerosis. A number of studies have demonstrated endothelial dysfunction in 
patients with diabetes and obesity (11-13). Caballero et al. (14) found that endothelial 
dysfunction is not only abnormal in the diabetic population but also in subjects with 
impaired glucose tolerance (IGT) and in healthy glucose-tolerant first-degree relatives 
of type 2 patients with diabetes. 

Endothelial function can be evaluated by various methods, one of which is assess- 
ment of its ability to produce nitric oxide (NO). The release of NO occurs continuously 
under basal conditions and can be increased through activation of muscarinic receptors, 
as well as by changes in vascular shear forces associated with increased flow in the 
blood vessels. This vasodilatory effect in response to stimuli that are known to increase 
NO production is termed endothelium-dependent vascular reactivity. Invasive and nonin- 
vasive techniques, such as catheterization, ultrasound, positron emission tomography, laser 
Doppler flowmetry, and plethysmography, are the various methods used to evaluate vascu- 
lar reactivity. The use of high-resolution ultrasound to assess brachial artery vasodilatory 
response is widely used owing to its noninvasive nature. This method can evaluate the 
flow-mediated dilation in the brachial artery, which represents the endothelium-dependent 
function, and also the vasodilatory response to sublingual nitroglycerine, which repre- 
sents the endothelium-independent vasodilation related to vascular smooth muscle 
function. It has been found that endothelial dysfunction in the brachial artery correlates 
with endothelial dysfunction in the coronary circulation (15). 

Currently, atherosclerosis is viewed as an inflammatory process (16). Metabolic dis- 
turbances such as obesity, hyperglycemia, dyslipidemia, and smoking are considered 
proinflammatory triggers, which cause chronic subclinical inflammation. This inflam- 
matory process is started by adhesion of circulating monocytes to the endothelial surface 
via the adhesion molecules expressed on the endothelial surface. The normal endothe- 
lium expresses these molecules in limited amounts while dysfunctional endothelium, as 
seen in obesity and diabetes (8), expresses these molecules in excess. The major 
increased adhesion molecules in these patients include selectins, intercellular adhesion 
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molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) (8), which can 
be used as an indicator of endothelial function. Monocytes penetrate through the dys- 
functional endothelium and transform to macrophages that have capabilities to engulf 
oxidized low-density lipoprotein (LDL) particles and transform to foam cells that form 
the atheromatous plaque. 

Although the exact pathogenesis of endothelial dysfunction in these populations is 
not yet fully understood, multiple mechanisms are likely to be involved. Several com- 
ponents of the metabolic syndrome such as dyslipidemia, insulin resistance, hyperinsu- 
linemia, hyperglycemia, and hypertension may be central to the development of 
endothelial dysfunction (17). It has been hypothesized that endothelial dysfunction 
could be a consequence of either decreased synthesis of NO, increased inactivation of 
NO, or decreased responsiveness to NO. There is some evidence that decreased NO 
production results from diabetes-related endothelial cell injury (18,19). Similarly, there 
is evidence that degradation of NO by oxygen-derived free radicals and advanced 
glycation end products may be augmented in the hyperglycemic state (20,21). 

The mechanisms linking obesity, insulin resistance, and endothelial function are 
increased FFAs, various cytokines, and altered body fat distribution or a combination of 
these. Increased FFAs acids from the insulin-resistant adipose tissue, particularly the vis- 
ceral fat, lead to decreased insulin action in liver and skeletal muscle, through mecha- 
nisms that may affect the intracellular insulin-signaling cascade and are also associated 
with impaired vascular reactivity (22,23). The adipocytokines have been closely linked to 
endothelial dysfunction and subclinical inflammation in obesity. Local infusion of TNF-t~ 
impairs endothelium-dependent vasodilation (24). At a molecular level, TNF-t~ has 
been shown to increase monocyte adhesion to the vascular endothelium (25), activate 
r,B-dependent proinflammatory pathways (26), induce endothelial expression of the adhe- 
sion molecule VCAM-1 (27), and induce smooth muscle expression of matrix metallopro- 
teinases, thus contributing to endothelial dysfunction and plaque destabilization (28). 

IL-6 has also been linked to endothelial dysfunction and subclinical inflammation. It 
is the major cytokine regulator of hepatic production of C-reactive protein (CRP), 
which, in turn, may have deleterious effects on the vascular wall (29). The interlink 
between these two proinfammatory cytokines is complex: whereas TNF-t~ stimulates 
IL-6 production and, consequently, CRP production, IL-6 exerts a feedback inhibitory 
effect on TNF-o~ (30). Interventions that mainly increase IL-6, such as exercise, para- 
doxically may have an anti-inflammatory effect through suppression of TNF-ct, which 
is a major inducer of infammation (31). 

Leptin has effects on energy expenditure, satiety, and neuroendocrine function. 
Leptin improves insulin sensitivity indirectly through satiety and body weight regula- 
tion, and in a more direct way by affecting insulin signaling in muscle (32). Leptin also 
has some direct vasodilatory effects (33). Conversely, adiponectin improves insulin 
sensitivity by enhancing intracellular insulin signaling and also has some direct 
vasodilatory and anti-inflammatory effects (34,35). 

Effect o f  Lifestyle Modification on Endothelial Function 
Many studies have shown that exercise improves endothelial function (36-39). The 

endothelial response to exercise training in humans appears to depend on the pretrain- 
ing level of endothelial function. Individuals with initially impaired endothelial func- 
tion at baseline, such as the elderly, patients with CAD, and those with risk factors for 
CVD, appear to be more responsive to exercise training than healthy individuals. Our 
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group has recently demonstrated that a 6-mo program of lifestyle modification in the 
form of calorie restriction and moderate-intensity physical exercise in obese subjects 
with insulin resistance significantly improved endothelium-dependent vasodilation of 
the brachial artery (40). This improvement was observed across the entire spectrum of 
glucose tolerance and was strongly associated with the percentage of weight reduction. 
This effect was also associated with a significant reduction in the plasma levels of 
slCAM. The latter change is consistent with a similar recent observation by Ziccardi et 
al. (41) in obese premenopausal women after 1 yr of weight reduction. A similar effect 
of combined energy-restricted diet and physical activity on endothelial function was 
also observed in obese healthy women using acetylcholine-stimulated vasodilation (42) 
and by measuring the response of blood pressure (BP) and platelet aggregation to an iv 
bolus of L-arginine, the natural precursor of NO (43). 

It is not yet clear whether the effect of lifestyle modification on endothelial function 
is predominantly related to the increased physical activity or is just an outcome of the 
metabolic changes associated with weight loss through diet restriction. In an effort to 
determine the origin of this effect, Sakamoto et al. (44) investigated the effect of exer- 
cise training and food restriction in two groups of Otsuka Long-Evans Tokushima Fatty 
rats, a genetic model of obesity and diabetes, in comparison to a matched group of 
sedentary rats. Interestingly, they found that exercise training, but not food restriction, 
prevents endothelial dysfunction in type 2 diabetic rats, although both interventions 
significantly suppressed plasma levels of glucose, insulin, and cholesterol; reduced the 
accumulation of abdominal fat; and improved insulin sensitivity to a comparable extent. 
This study also found that urinary excretion of nitrite was significantly decreased in 
sedentary and food-restricted rats compared with nondiabetic rats and was significantly 
increased in exercise-trained rats. Based on these findings, the investigators concluded 
that the improvement in endothelial function in exercised rats is the result of an exercise- 
induced increase in the production of NO (44). Similar studies in humans are still lack- 
ing, and the currently available data are inconclusive. 

Balkestein et al. (45) evaluated the effect of 3 mo of weight reduction with and with- 
out exercise on vessel-wall properties of the brachial and common carotid arteries in 
obese healthy men. Using a vessel-wall movement detector, they showed that weight 
loss increased carotid artery distensibility but found no additional benefit from adding 
an exercise component to the weight loss program. In contrast to this study, improve- 
ment in macrovascular endothelium-dependent vasodilation was reported after acute 
(46) and chronic exercise programs in two studies (47,48) that did not include a weight 
reduction component. The first (47) found that 3 mo of physical training enhanced 
brachial artery flow-mediated dilation in patients with the metabolic syndrome, and the 
second (48) observed that 12 wk of aerobic and resistance training improved brachial 
artery flow-mediated dilation in subjects with type 2 diabetes. A similar favorable effect 
of exercise training on flow-mediated dilation was recently seen in a group of patients 
with long-standing type 1 diabetes (49). 

In a recent study, Raitakari et al. (50) found that a very low-calorie diet for 6 wk 
improved endothelial function and reduced plasma glucose concentration independent of 
changes in weight, serum lipids, oxidized LDL, CRP, adiponectin, BP, and insulin. They 
thought that this improvement was related to the reduction in plasma glucose concentration 
and that changes in glucose metabolism may determine endothelial vasodilatory function in 
obesity. In another study (51) the effects of weight loss and glycemic control on endothelial 
dysfunction were compared using ICAM, endothelin-1 (ET-1) and E-selectin as outcome 
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markers. Obese subjects had significant weight loss induced by bariatric surgery, and they 
showed a significant decrease in blood glucose, H b A l c ,  and all the aforement ioned 
chemokines, whereas a small cohort who had weight loss induced by diet did not show 
any significant changes in the chemokines despite a significant reduction in blood glucose 
and HbAlc .  These data indicate that weight loss is more important than glycemic control 
in regulating circulating levels of  ICAM, ET-1, and E-selectin, which are expressed by the 
endothelium. 

It is of  particular interest that macronutrient modifications may also have an impact 
on endothelial function. Carluccio et al. (52) found that olive oil at nutritionally relevant 
concentrations transcriptionally inhibits endothelial adhesion molecule expression, thus 
partially explaining atheroprotection from Mediterranean diets. In addition, Yildirir et al. 
(53) found that a soy protein diet significantly improves endothelial function, as judged 
by flow-mediated endothelium-dependent dilatation and plasma thrombomodulin levels. 

Several studies (54-56) have now shown that lifestlye modification programs focusing 
on weight reduction and increased physical activity significantly decrease the develop- 
ment of  type 2 diabetes in high-risk individuals with IGT. However  the effects of  these 
programs on improving endothelial function in the short term or reducing CVD events in 
the long term have not been determined. It is also not known how long the beneficial  
effects of  these lifestyle modification programs will last after these interventions have 
been discontinued. 
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INTRODUCTION 

Over the past 10 yr, the disease of obesity has been described as an "epidemic" and 
a "pathogen." The increase in populations of the developed world exceeding a body 
mass index (BMI) of 25, rendering them overweight, is alarming. In 1999, in the United 
States 61% of adults fell into the first category and 27% were considered obese (1). The 
medical ramifications of obesity include, but are certainly not limited to, conditions such 
as type 2 diabetes mellitus, hypertension, osteoarthritis, ischemic heart disease, cardio- 
myopathy, and dyslipidemia, as well as peripheral vascular disease (PVD). There are 
approx 14 million individuals with type 2 diabetes in the United States, and the risk of 
developing type 2 diabetes is directly proportional to an increasing BMI (1-3). PVD in 
the diabetic population can be more advanced at the time of presentation than in the 
nondiabetic patient. The effects of sensory and motor neuropathy may mask subtle 
changes in perfusion and underlying infections secondary to advanced atherosclerosis. 
In fact, the diabetic patient population has a rate of lower-extremity amputation that is 
15 times higher than that of the nondiabetic population (4). Currently, no data exist 
regarding the rates of PVD for patients harboring both comorbidities of obesity and 
diabetes concomitantly. Using the obese and diabetic patient as a paradigm, this chapter 
discusses the pathophysiology of atherosclerosis and the clinical presentation, diagnosis, 
and treatment of PVD. 
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ATHEROSCLEROSIS IN T H E  OBESE PATIENT W I T H  DIABETES 

Atherosclerosis is the degenerative and regenerative disease of the vasculature that 
primarily affects the intima (innermost layer) of vessels and eventually the media (inter- 
mediate layer) at the bifurcations of predominantly major arteries. Athero and sclerosis, 
from the Greek roots gruel and induration, respectively, consist of plaques made up of 
a necrotic base with a hardened fibrotic cap. These lesions comprise three fundamental 
components: (1) cholesterol esters; (2) smooth muscle cells (SMCs); and (3) connec- 
tive tissue made up of collagen, elastin, and glycosaminoglycans (5). 

Many theories of atherogenesis have been postulated. Five such theories as enumer- 
ated by Tegos et al. (5) are presented in the following sections. 

The Lipid Theory 
The lipid theory is based on the well-documented observation of increased choles- 

terol esters of the low-density lipoprotein (LDL) subtype in the arterial intima. Increases 
in plasma LDL concentrations are thought to alter the permeability of cholesterol esters 
in the intima of arteries, mediated by vesicular transport. This event causes the intima 
to retain the LDL molecules and stymies the transport of LDL from intima to media. 

The Hemodynamic Theory 
The hemodynamic theory is based on the hypothesis that low and oscillating hemo- 

dynamic shear forces delay the clearance of potentially toxic substances and allow for 
prolonged contact with the arterial intima, which leads to endothelial injury. The altered 
hemodynamics may also affect endothelial permeability to LDL, allowing transport to 
the intima. This theory is evidenced by the affinity of atheromatous lesions to occur at 
arterial branching sites where there is relative turbulent and stagnant flow. 

The Fibrin Incrustation Theory 
The Fibrin incrustation theory was first proposed in the 19th century and postulates 

that as fibrinogen is converted into fibrin on the arterial luminal surface the thrombus is 
actively incorporated into the atheroma. The assimilation of the thrombus converts the 
appearance of the plaque to fibrous tissue. The pertinence of this older theory is that the 
formation of thrombi in atheromatous plaques leads to their instability. 

The Nonspecific Mesenehymal Hypothesis 
A stimulus to the arterial wall (i.e., shear stress or vasoactive agents) induces smooth 

muscle or mesenchymal cells to migrate from the media to the intima, where they pro- 
liferate and produce connective tissue, leading to the formation of atheroma. 

The Response to Injury Hypothesis 
As the endothelium of arteries is denuded by injurious stimuli (i.e., hemodynamic, 

chemical, physical, viral, or external factors, to name a few), platelets begin to adhere 
to the injured area, consistent with Virchow's triad, and release platelet-derived growth 
factor (PDGF). PDGE also released by arterial endothelium, stimulates mesenchymal 
movement from media to intima, where the SMCs proliferate and form connective tis- 
sue or atheromas. 

The response to injury hypothesis has been further studied to show that as the vascu- 
lar endothelium is injured, expression of substances such as vascular cell adhesion 
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molecule-1 and monocyte chemoattractant protein-1 is altered, aiding in the recruit- 
ment of monocytes to the injured site. Monocytes attach themselves to the endothelium 
and migrate to the arterial intima, where they constitute activated macrophages. 
Simultaneously, as LDL molecules traverse the endothelium they are oxidized by oxy- 
gen free radicals produced by the endothelium. These LDLs form complexes with the 
extracellular matrix proteins (collagen, elastin, and proteoglycans) and after they are 
oxidized and move to the intima of the artery interact as a ligand to specialized recep- 
tors on the aforementioned macrophages, which subsequently phagocytize the oxidized 
LDL. These lipid-laden macrophages, or foam cells, are the pathological hallmark of 
atheromatous lesions. Once atheromatous lesions are formed, these plaques may grow 
to cause luminal stenosis or may incorporate calcium as hydroxyapetite crystals. 
Further, the adventitia (externalmost layer) of arteries may induce neovascularization 
into the thrombus itself, leading to eventual hemorrhage (5). It is likely that a combina- 
tion of these theories that best explains the complex process of atherogenesis. In addi- 
tion, there is currently no evidence to suggest that the macrovascular disease seen in 
diabetes or obesity is any different from that of other conditions such as smoking. 

METABOLIC SYNDROME AND PVD 

The dyslipidemia of obesity includes an increase in LDL molecules, and this cou- 
pled with the hyperlipidemia associated with diabetes places patients who harbor both 
of these characteristics in a high-risk category for the formation of atheroma. The con- 
stellation of these features has been termed metabolic syndrome. 

Central obesity is the cornerstone of metabolic syndrome, characterized by insulin 
resistance leading to hyperinsulinemia, dyslipidemia, hypertension, type 2 diabetes, 
and an increased risk of cardiovascular events (6). As part of metabolic syndrome, 
patients who are obese (BMI > 30) have high triglyceride and LDL levels. The small 
LDL molecules are rich with atherogenic apolipoprotein B particles, leading to the for- 
mation of plaque and diffuse atherosclerosis (7). It has been shown that patients with 
the constellation of metabolic syndrome have an 85% higher prevalence of PVD (8). 

PVD IN T H E  PATIENT W I T H  DIABETES 

Over the past 20 yr, there has been an evolution of thought regarding the distribution of 
atheromatous disease in the diabetic patient population. Forty-five to fifty years ago it was 
a popular belief that the patient with diabetes was the model for "microvascular disease." 
That is, the small distal arteries of the foot and ankle were the most affected by athero- 
sclerotic occlusive disease (9). The predominance of this theory obviated the utility of 
distal arterial reconstruction in an attempt to save the diabetic foot. Distal revasculariza- 
tion procedures were not done on diabetics secondary to lack of target quality. 

Since then, however, many studies have shown that although there are differences in 
the distribution and severity of diabetic atherosclerotic disease, the concept of "small 
vessel occlusive disease" is false--especially in the arteries of the foot. Although there 
is no specific microvascular occlusion, there is a significant difference in the pathobiol- 
ogy of the diabetic patient, particularly seen in the foot. 

Atherosclerotic disease in the patient with diabetes may present at a younger age and 
evolve into occlusive disease at a more rapid pace than that of the patient without dia- 
betes. The acceleration of disease may be accounted for by underlying endothelial dys- 
function in the walls of the diabetic vessel. Vasodilatory reactivity is impaired in the 
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diabetic patient and has been shown to normalize with oral hypoglycemic treatment in the 
patient with occult diabetes (10). The impairment of endothelial-dependent vasodilatation 
at the level of the diabetic foot causes a reduced expression of endothelial nitric oxide 
synthase (NOS). Decreased levels of NOS result in reduced endoneurial blood flow and 
increased vascular resistance, ultimately leading to symptoms of neuropathy (11). 

Previously, the treatment protocol for diabetic patients with PVD did not include 
arterial reconstruction. This often resulted in a situation in which gangrene in a diabetic 
patient led to major amputation without any attempt at limb salvage. The distribution of 
arterial occlusion is unique in the diabetic patient in that it generally affects the infra- 
geniculate arteries of the calf, namely, the anterior tibial, posterior tibial, and peroneal 
arteries, but spares the proximal superficial femoral, popliteal, and more important, dis- 
tal dorsalis pedis--allowing for a potential target on the foot itself (12). 

The theory of microcirculatory occlusion impeded distal revascularization tech- 
niques early on; however, by using the spared superficial femoral artery (SFA) or 
popliteal as inflow, the dorsalis pedis artery has become a preferred target for distal 
reperfusion. Protocols now include more aggressive control of blood sugar, infection, 
and identification of pedal arteries suitable for distal bypass. 

PERIPHERAL VASCULAR DISEASE 

Clinical Presentation 
The spectrum of atherosclerotic PVD spans three general categories: claudication, 

rest pain, and tissue loss. In the diabetic patient population, however, this "normal" 
continuum is altered by the effects of diabetes itself, namely, motor and sensory neu- 
ropathy (polyneuropathy), intrinsic muscle atrophy, and accelerated rate of infection. 
This altered pathobiology makes the clinical presentation of the diabetic patient much 
less uniform. To clarify the complicated presentation of the obese and diabetic patient, 
a thorough history and physical examination is still the "gold standard." 

Claudication, or leg pain secondary to functional ischemia, commonly presents as 
intermittent and cramping calf pain precipitated by exercise and alleviated by rest. 
Claudication may be quantified and tracked by the initial claudication distance, or the 
distance one can walk prior to the onset of symptoms. In the nondiabetic patient, the 
symptoms of ischemic lower-extremity pain usually occur as a consequence of multi- 
vessel (more than two vessels affected) occlusion secondary to the rich vascularity of 
the leg. However, the diabetic patient population is much more susceptible to experi- 
ence symptoms secondary to single-vessel occlusive disease because of these patients' 
sensitivity to even small changes in tissue perfusion. The relative risk of claudication in 
patients with diabetes has been shown to be 3.5 in men and 8.6 in women (13). With 
the use of a detailed history, the extent and progression of claudication may be evalu- 
ated and followed with time. 

Although intermittent claudication can be stable over a number of years, approx 
25% of patients with symptoms of ischemic leg pain progress to rest pain or tissue loss. 
When PVD becomes more severe, patients develop symptoms of rest pain, character- 
ized by a constant burning or painful sensation of the forefoot or metatarsal head. 
Again, a careful history aids in the diagnosis of rest pain. Most commonly, rest pain 
occurs at night and is alleviated by dependent positioning of the affected extremity. In 
the diabetic patient, rest pain can be easily confused with the pain of peripheral neu- 
ropathy, leading to a delay in diagnosis. 
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Tissue loss, characterized by ulceration or gangrene, is the most severe presentation 
of PVD. In almost all situations, ulceration in the diabetic patient involves some com- 
ponent of vascular compromise. In addition, because the structure of the foot is changed 
by atrophy of the intrinsic musculature related to motor neuropathy, a characteristic 
"claw" formation with pressure points now located beneath the metatarsal heads is 
formed (malperferous ulcers.) Furthermore, sensory neuropathy can render the diabetic 
foot insensate, accounting for chronic ulceration and penetration of foreign bodies 
leading to infection, the so-called silent-needle neuropathy (14). The cause of ulcera- 
tion in the diabetic patient population is multifactorial; thus, all diabetic patients pre- 
senting with tissue loss warrant a thorough assessment for PVD. 

When the symptoms of PVD progress even further, the picture of gangrene devel- 
ops. The hallmark signs of gangrene are typically extremities that appear black and are 
insensate and lack motor function. Gangrene usually appears the same in both the indi- 
vidual with diabetes and the individual without diabetes alike; however, when an infec- 
tion is superimposed (wet gangrene) the usual systemic response of fever and 
leukocytosis is sometimes blunted in the immunocompromised diabetic patient. 
Systemic infection in the setting of wet gangrene constitutes a surgical emergency and 
may only manifest as an increased insulin requirement or hyperglycemia. In fact, sys- 
temic infection may also occur in the setting of foot ulceration in the diabetic patient. 
These infections are aggressive, are most often polymicrobial, and are the leading cause 
of amputation in the diabetic population. 

Diagnosis 
As mentioned before, the physician's history and physical examination are still the 

foundation of a complete assessment for PVD. The evaluation of pedal pulses is the pri- 
mary step in diagnosing the extent of occlusive disease. The absence of either palpable or 
Dopplerable pedal pulses points toward advanced disease and must be worked up further. 
The second step in the diabetic foot examination is evaluation of the presence and extent of 
tissue loss or gangrene. This includes assessment of the toes and web spaces along with 
evaluation of shoes for pressure points. When an ulcer is found and can be probed to bone, 
the diagnosis of osteomyelitis is made and no further imaging is necessary. Once the 
patient is evaluated at the bedside, many diagnostic techniques can be used to quantify the 
extent and location of occlusive disease. Noninvasive modalities include ankle-brachial 
indices (ABIs), pulse-volume recordings (PVR), and transcutaneous 0 2 measurements. 
Finally, the invasive technique of digital subtraction angiography (DSA) is a modifica- 
tion of conventional angiography and is considered to be the "gold standard" in the 
diagnosis of PVD, allowing anatomic evaluation of occlusive disease. Computed tomo- 
graphic angiography (CTA) and magnetic resonance angiography (MRA) are two lim- 
ited noninvasive techniques that may be used when patients have contrast allergies or 
advanced renal impairment, two contraindications to the heavy dye load associated 
with DSA. 

Noninvasive modalities are extremely useful in discerning the extent and location of 
occlusive disease in the nondiabetic patient; however, these studies can be limited in 
the diabetic and obese patient. 

ABIs, which are part of the office exam, are measured by comparing the systolic 
pressures of the upper extremities with those of the lower extremities using a Doppler 
probe and a sphygmomenometer cuff. The higher of the dorsalis pedis and anterior fib- 
ial artery measurements is used as the numerator and divided by the higher of the 
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brachial artery measurements (right vs left) in the ABI ratio. An index of <0.9 trans- 
lates to impaired perfusion to the lower extremities and is the criterion most studies use 
in the initial diagnosis of PVD. In the diabetic population, however, diffuse calcifica- 
tion of the arterial wall causes decreased compressibility and falsely elevated, unreli- 
able measurements. In the obese patient, blood pressure cuffs of the appropriate size 
are crucial but are rarely used, also causing a false reading. Thus, although generally a 
useful test, the ABI in the diabetic and obese patient can be misleading. 

PVRs use a series of plethysmography cuffs placed along the leg in order to measure 
changes in diameter during systole and diastole. These measurements relate to the dilata- 
tion of the lower-extremity vasculature and are recorded as a waveform. In the normal 
leg, a triphasic waveform is recorded from the thigh down; however, in the extremity 
afflicted with occlusive disease, the triphasic wave is dampened to a monophasic or flat 
waveform, a qualitative rather than quantitative measurement of disease. Although the 
PVR is not the lone determinant of disease severity, the PVR in the diabetic population 
can be illustrative because it is not affected by calcifications within the arterial wall. 

Tissue perfusion using transcutaneous 0 2 measurements is a controversial method of 
evaluating the extent of occlusive disease. Using an 0 2 measurement probe over an 
existing ulcer, surgical wound, or potential wound, the healing potential of the affected 
tissue may be assessed by attempting to quantify the amount of perfusion after equili- 
brating to environmental temperature. Although there are some reports that show tran- 
scutaneous 0 2 measurements to be lower in the diabetic population than in the 
nondiabetic population with the same disease severity (15), the results are largely vari- 
able and often difficult to interpret. 

With the advent of conventional angiography, and later DSA, occlusive disease in the 
diabetic, obese, and nondiabetic patient may be more accurately quantified as to extent and 
level. By subtracting out the bone and soft-tissue background, an interpreter may clearly 
follow the contrast load coursing through the vasculature of the lower extremity over time. 
In addition, specific images may be selected for bypass target evaluation and/or percuta- 
neous treatment, and levels of occlusion may be more accurately identified. A common 
mistake made by inexperienced radiographers is the incomplete angiogram, wherein the 
exam is terminated prematurely and the pedal vessels are not visualized. In the diabetic 
patient, occlusion of the tibial and peroneal vessels is commonly misconceived as unre- 
constructable disease. Therefore, even if tibial and peroneal vessels are found to be 
occluded, care must be taken to continue the exam distally to the foot and ankle for pre- 
ferred target visualization. To prevent contrast-induced renal compromise, adequate iv 
hydration combined with pre- and postangiography treatment with oral N-acetylcysteine 
is recommended (16). Both MRA and CTA have been studied as alternatives to DSA; 
however, the inability to visualize the patency of pedal vessels, often owing to institu- 
tional variability, using both modalities hampers the utility of CTA/MRA in the diabetic 
patient. 

The complexity of the obese/diabetic patient calls for treatment protocols that require 
hypervigilence on the part of the physician with aggressive diagnostic and therapeutic 
schemes. 

Treatment (Medical~Surgical) 
Management of PVD in the diabetic patient requires a careful balance between early 

diagnosis and prevention of disease progression with medical therapies. When the 
extent of occlusive disease has become more severe than manageable with conservative 
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therapies, the aggressive use of surgical debridement, bypass, and/or amputation is 
warranted. 

When patients present early with the symptoms of intermittent claudication as 
described earlier, the management is twofold, involving risk factor modification and 
medical treatment. Murabito et al. (17) showed that more than 90% of patients who are 
referred to vascular clinics for evaluation of PVD in the United States have a history of 
smoking. Furthermore, patients with vascular disease who continue to smoke cigarettes 
have a 40-50% 5-yr mortality and an increased risk of amputation (17,18). Therefore, 
it is obvious that the physician's first line of defense in the prevention of progressing 
disease is to encourage smoking cessation, clearly an important risk factor in the devel- 
opment of PVD. Obesity as part of metabolic syndrome leading to hypertension, dia- 
betes, and dyslipidemia must be addressed in the initial work-up of a patient with 
intermittent clandication. The use of angiotensin-converting enzyme inhibitors as anti- 
hypertensive treatment may be particularly beneficial in patients with PVD owing to 
the vasoprotective effects of this class of drug (19). The utility of HMG-CoA reductase 
inhibitors, particularly in the setting of cardiac prevention, has also been shown through 
various clinical trials to improve mildly the symptoms of claudication (20-22). Finally, 
weight loss through exercise is unmatched in reducing cardiovascular risk as well as 
decreasing the symptoms of claudication. Walking 35-50 min approx three to five times 
per week at a pace that reproduces claudication has been shown to improve markedly a 
patient's initial claudication distance (23,24). However, best results are seen with struc- 
tured exercise programs, but these often are not covered by insurance. 

Along with risk factor modification, the use of certain medical therapies, namely 
antiplatelet and phosphodiesterase type III (PDE III) inhibitors, may stymie the evolu- 
tion of occlusive disease. Although there is an increased risk of bleeding, the use of 
aspirin and an adenosine diphosphate receptor antagonist such as clopidogrel together 
has been shown to be efficacious in lowering the risk of cardiovascular disease in 
patients with occlusive vessel disease (25). In addition, cilostazol, a PDE III inhibitor, 
is an effective treatment for reducing symptoms of claudication. Cilostazol alleviates 
the pain of claudication by increasing vasodilatation through upregulation of cyclic 
adenosine monophosphate. The vascular benefits of cilostazol are also related to the 
drug's inhibition of the formation of thrombi, platelet aggregation, and vascular smooth 
muscle proliferation (26). In a meta-analysis of eight randomized, placebo-controlled 
trials of 2702 patients with varying degrees of claudication, Thompson et al. (27) 
showed an increase of up to 67% in the initial claudication distance in patients with 
symptoms of 24 wk of duration with the use of cilostazol. 

Patients with diabetes and obesity are in a high-risk category for progression of dis- 
ease. Thus, treatment protocols for this patient population differ from those of the non- 
diabetic patient. 

The management of diabetic patients with PVD must be deliberate and algorithmic. 
In the first step, any area of infection or necrotic tissue must be thoroughly drained 
and/or debrided, even if the infected area is ischemic. The common signs of infection 
might not exist in the diabetic patient. Therefore, one must aggressively evaluate and 
remove infected areas with a goal of complete eradication of septic foci. This may 
require multiple debridements over several days and possibly open-foot or -toe ampu- 
tation. Local anesthetic is often not necessary in severe cases secondary to advanced 
neuropathy. After all areas of infection are eliminated, the affected extremity must be 
assessed for ischemia even in the face of infection. As stated previously, the pulse exam 
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is crucial in deciphering the extent of ischemia. If a dorsalis pedis or posterior tibial 
pulse is not palpable, arteriography is essential. 

After a patient is adequately hydrated and medicated with N-acetylcysteine, angiog- 
raphy will aid in the search for a "target" vessel to restore perfusion in the affected 
extremity. Even if peroneal and tibial arteries are occluded, pedal vessels must be visu- 
alized. The ultimate goal of any revascularization procedure is to restore pulsatile blood 
flow to the foot. Angiography allows the assessment of a suitable distal vessel. After a 
patient has undergone angiography and a patent distal vessel is identified, a bypass or 
percutaneous procedure is the next step, assuming the site of anastomosis is free of 
infection or necrosis. In addition, if calcifications in the dorsalis pedis artery are seen 
on plain films of the foot, this should not be considered a contraindication to recon- 
struction. The presence of calcifications does not equate to vascular occlusion. 

To perform the bypass procedure itself, autogenous vein graft is the only appropriate 
conduit for bypass to the dorsalis pedis artery. Our experience, however, has indicated 
that the outcome of bypass is not influenced by the use of in situ (28), reversed, translo- 
cated (29), or nonreversed vein grafts. As previously mentioned, the spared superficial 
femoral or popliteal arteries may be used as a source for inflow, an uncommon route 
for nondiabetic patients. The use of these vessels for inflow results in a shorter vein 
graft and avoids the need for groin incisions, which are a major source of morbidity in 
the obese patient. The fundamental goal of the distal anastomosis is to restore perfusion 
to the foot. This may be achieved with a bypass to the anterior or posterior tibial artery, 
with runoff to the foot, or directly to a vessel on the foot itself, most often the dorsalis 
pedis. If a bypass is done to an isolated popliteal segment or to the peroneal artery, 
maximal perfusion to the foot will not be achieved, even though the circulation to the 
foot will improve. The preference at our institution is to bypass to the dorsalis pedis 
because it is easily accessible, provides maximum perfusion to the foot, and has equiv- 
alent or better patency than a tibial bypass (30). 

SURGICAL TECHNIQUE 

Pedal bypass in the diabetic and obese patient can be a lengthy, tedious, and techni- 
cally demanding procedure. All procedures are performed under magnification with ×2.5 
or ×3.5 power binocular loupes with finely tooled instruments to improve proficiency. 

Vein preparation has been improved by use of angioscope, particularly for in situ 
grafts. Autogenous vein is the only appropriate conduit for bypass to the dorsalis pedis 
artery. Beyond this, however, there is room for a great deal of flexibility on the part of 
the surgeon. Using an in situ graft minimizes size mismatch, eliminates the need to 
mobilize and harvest the vein completely, and avoids concerns about tunneling and 
twisting. The drawback of the in situ technique is that it requires two parallel incisions 
on the foot, one to harvest the distal vein and one to expose the dorsalis pedis artery, 
which creates a bridge of skin and SC tissue at the ankle between the incisions. To min- 
imize problems with skin necrosis, common in the obese and diabetic patient popula- 
tion, the distal portion of the saphenous vein is mobilized and brought subcutaneously, 
anterior to the tibia, and proximal to the skin bridge, so that the conduit does not actu- 
ally pass under the bridge. In addition, fine sutures are used instead of staples for skin 
closure of the incisions at the ankle and foot. Staples tend to gather excess skin and cre- 
ate unnecessary tension, which may lead to necrosis and dehiscence-- two complica- 
tions that are exacerbated by obesity and diabetes. 

Distal anastomosis is initiated by exposing the dorsalis pedis artery through a longitu- 
dinal incision on the foot. The artery lies beneath the dense fascial layer and is usually 
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found immediately lateral to the extensor hallucis longus tendon. The most suitable 
area for bypass is in the portion of the vessel located between the lateral tarsal artery 
and bifurcation of the dorsalis pedis artery into its metatarsal branches. Arteries with 
internal diameters of as little as 0.8 mm are acceptable for bypass. 

OUR EXPERIENCE 

At the Beth Israel Deaconess Medical Center, 90% of patients are diabetic, and the 
majority of revascularization procedures (30%) performed on this population are to the 
dorsalis pedis artery. Recently, we reviewed our experience of more than 1000 distal 
bypasses to the dorsalis pedis performed for failing previous bypass grafts or limb- 
threatening ischemia over the past 10 yr. In these patients 80% were affected with non- 
healing foot ulcers, 30% of which were infected. The use of the preferred ipsilateral 
saphenous vein graft or, alternatively, the contralateral leg vein, ann vein, or composite 
resulted in 5-yr secondary patency rates that were actually better in patients with dia- 
betes than in those without diabetes (65.9 vs 56.3%) (31). Prosthetic graft was avoided 
whenever possible. Furthermore, the use of saphenous vein was clearly more beneficial 
for 5-yr patency when compared to all other conduit options, at a rate of 67.6 vs 46.3%. 

As discussed previously, the superficial location of the graft itself aids in the postoper- 
ative management of the patient. The extent of revascularization of the graft is monitored 
closely by direct palpation and duplex ultrasound. Patients are also instructed on monitor- 
ing the graft pulse by direct palpation over the dorsum of the foot. Routine surveillance is 
carried out via graft palpation and ultrasound every 3 mo for the first year, every 6 mo for 
the second year, and annually thereafter. Lesions of the affected foot and/or secondary 
revisions may be addressed after successful revascularization has been achieved. 

OBESITY/DIABETES 

The physiological goal of energy expenditure is to maintain a homeostasis in the 
face of an environment with variablities in nutrition and energy demands (32). 

With increasing girth, in an abdominal fat distribution (33), the prevalence of clini- 
cal manifestations of metabolic syndrome increases and there is a larger free fatty acid 
load on the hepatic uptake of insulin, leading to hyperinsulinemia and hyperlipidemia 
and peripheral insulin resistance, causing pancreatic [3-cells to fail. As the body begins 
to retain more triglycerides, there is an increase in the population of LDLs that contain 
a higher concentration of the highly atherogenic apolipoprotein B subtype (1). Increased 
atherogenesis then goes on to cause complications of peripheral vasculature, leading to 
the previously discussed sequelae. 

Along with the management techniques that we have discussed, preoperatively all 
diabetic patients must have their insulin regimen adjusted for NPO status, and blood 
glucose must be tightly controlled pre- and postoperatively to reduce the rate of post- 
operative complications including wound infections. All obese patients should be 
offered larger beds for convenience, and postoperative ambulation is a must in order to 
reduce the risk of deep venous thrombosis (DVT). In addition, all patients in this 
population should receive 5000 U of sc heparin three times daily for effective DVT 
prophylaxis. 

C O N C L U S I O N S  

Obesity is quickly becoming the largest threat to the health of the developed world. 
Obesity brings with it the perils of many other disorders affecting almost all organ sys- 
tems, from skin to vascular. The association with diabetes in the obese population creates 
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a patient group that is very complex and requires close monitoring in the perioperative 
setting. Overall, in 2000, the prevalence of obesity in the United States was 19.8% and 
that of diabetes was 7.3%. The prevalence of patients with both diabetes and morbid 
obesity was 2.9% (34). 

The pathophysiology of diabetes in the obese patient must be kept in mind during 
initial evaluation, diagnosis, and treatment regimens. The most important measure 
taken by patients and primary care physicians to prevent PVD is the aggressive control 
of risk factors (i.e., smoking, weight gain, and hypertension). Early control of these 
predisposing factors stymies the development of long-term complications such as 
insulin resistance, dyslipidemia, essential hypertension, stroke/myocardial infarcts, 
and central obesity--components of metabolic syndrome. Furthermore, direct com- 
munication between the primary care physician and surgeon is essential when treating 
patients with PVD in order to direct specific diagnostic and therapeutic options. 

With the advancement in knowledge and improvements in angiography, aggressive 
distal reconstruction has become effective therapy for limbsalvage in the diabetic patient. 
In our practice, 25% of all bypass grafts in patients with diabetes are to the dorsalis pedis 
artery. Using this procedure, there has been a true decline in our incidence of major ampu- 
tation. With careful control of blood sugar and infection, distal grafts, particularly to the 
dorsalis pedis artery, have proven to be a safe and effective approach to distal arterial 
reconstruction. With a meticulous and methodical approach to infection control, complete 
angiography, and arterial revascularization, the likelihood of limbsalvage in the obese and 
diabetic patient should rival or exceed that of the weight-controlled nondiabetic patient. 
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I N T R O D U C T I O N  

Risk of cancer is affected by a number of environmental and lifestyle factors and by 
an interplay between these factors and genetic susceptibility. Over the past three 
decades, the prevalence of obesity and type 2 diabetes has been increasing in both 
developed countries and less developed areas along with an adoption of a Westernized 
lifestyle (see Chapter 2). It is well recognized that obesity dramatically increases the 
risk of type 2 diabetes. Moreover, there is an extensive body of epidemiological evi- 
dence that excess body weight considerably increases the risk of cancers at multiple 
sites (1). Herein we summarize the mounting epidemiological studies linking over- 
weight, obesity, and diabetes with cancer incidence and mortality. 

In view of the large number of epidemiological studies relating overweight and obesity 
to the risk of cancer, this chapter is based primarily on data from previous comprehensive 
reviews and meta-analyses, including (1) a quantitative review and meta-analysis by 
Bergstr6m et al. (2), who summarized the epidemiological literature published between 
1966 and 1997 investigating body mass index (BMI) (the weight in kilograms divided 
by the square of height in meters) in relation to the risk of developing cancer; (2) a 
comprehensive report by the International Agency for Research on Cancer (IARC) in 
2002 (1); and (3) the Cancer Prevention Study II (3), a large prospective cohort study 
investigating the association of BMI with cancer mortality during 16 yr of follow-up of 
more than 900,000 adults in the United States. 
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In the review and meta-analysis by Bergstr6m et al. (2), "normal weight" was defined 
as a BMI of 20-24.9 kg/m 2, "overweight" as a BMI of 25-29.9 kg/m 2, and "obesity" as 
a BMI of 30.0 kg/m 2 or more. In the Cancer Prevention Study II (3), BMI was catego- 
rized as follows: "normal weight" as 18.5-24.9 kg/m 2, "overweight" as 25.0-29.9 kg/m 2, 
"grade 1 overweight" as 30.0-34.9 kg/m 2, "grade 2 overweight" as 35.0-39.9 kg/m 2, 
and "grade 3 overweight" as 40.0 kg/m 2 or more, according to the recommendation by 
the World Health Organization (4). 

REVIEW OF E P I D E M I O L O G I C A L  STUDIES 

Overall Cancer 
OVERWEIGHT AND OBESITY 

Overweight and obesity have been associated with overall cancer incidence and mortal- 
ity. In a Swedish population-based cohort of 28,129 hospitalized patients with any dis- 
charge diagnosis of obesity, there was an overall 33% excess incidence of cancer in obese 
individuals (25% in men and 37% in women) in comparison with the general population 
(5). In addition, the National Enhanced Cancer Surveillance System, a large Canadian 
population-based case-control study, showed that compared with normal-weight individuals 
(BMI < 25 kg/m2), those who were overweight (BMI between 25 and 30 kg/m 2) had a 9% 
increased risk of cancer overall; obese individuals (BMI _>30 kg/m 2) had a 34% increased 
risk (6). The association of overweight and obesity with overall cancer mortality as well as 
mortality from specific cancers was examined in the American Cancer Prevention Study II 
(3) (see Tables 1 and 2). During 16 yr of follow-up of 900,000 participants, there were a 
total of 57,145 deaths from cancer. Compared with men with normal weight, the death 
rates from all cancers combined were 9% higher in men with a BMI between 30.0 and 34.9 
kg/m 2 (grade 1 overweight), 20% higher for men with a BMI between 35.0 and 39.9 kg/m 2 
(grade 2 overweight), and 52% higher for men with a BMI of 40.0 kg/m 2 or more (grade 3 
overweight). The corresponding figures for women were 23, 32, and 62%. 

DIABETES 

In a Swedish cohort of 144,427 hospitalized diabetic patients, a total of 4919 men 
and 4742 women died from cancer during an average follow-up of 6.7 yr (7). This 
study showed that overall cancer mortality was approx 50% higher among the diabetic 
patients compared with the general population. However, because the analysis was not 
adjusted for obesity, the association between diabetes and overall cancer risk independ- 
ent of the effect of obesity on cancer risk could not be distinguished. 

Breast Cancer 

OVERWEIGHT AND OBESITY 

Breast cancer is the leading type of cancer in women both worldwide (21% of all can- 
cers) (8) and in the United States (32% of all cancers) (9). The first epidemiological evi- 
dence of an association between excess body weight and increased breast cancer risk was 
obtained from a Dutch cohort study in 1974 (10). Findings from many subsequent epi- 
demiological studies indicate that the relationship between excess body weight and risk of 
breast cancer varies by menopausal status (1). Whereas a positive association between 
body weight and risk of breast cancer has been observed in most studies of postmenopausal 
women, an inverse association has been noted in studies of premenopausal women (1). 
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Fig. l .  Relative risk of breast cancer according to body mass index (BMI) of Pooling Project of 
Prospective Studies of Diet and Cancer. The reference group for all comparisons is women with a 
BMI <21 kg/m 2. (From ref. 11.) 

In a meta-analysis, Bergstr6m et al. (2) estimated that there is a 2% reduction in pre- 
menopausal risk of breast cancer and a 2% increase in postmenopausal risk of breast can- 
cer per unit increment in BMI (corresponding to an increase of 3 kg of body wt for women 
with a height of 1.64 m). Overweight women were estimated to have a 12% and obese 
women a 25% greater risk of breast cancer compared with women of normal weight (2). 

The Pooling Project of Prospective Studies of Diet and Cancer (11) also examined the 
association between BMI and risk of breast cancer. Using data from seven prospective 
cohort studies--comprising 337,819 women, including 4385 incident invasive breast 
cancer cases--the Pooling Project (11) confirmed a dual effect of obesity (Fig. 1). In 
premenopausal women, those with a BMI >31 kg/m 2 had a 46% reduced risk of breast 
cancer compared with women with a BMI <21 kg/m 2. In postmenopausal women, the 
risk of breast cancer did not continue to increase when BMI exceeded 28 kg/m 2, at 
which level the risk was 26% higher compared with women with a BMI of <21 kg/m 2. 
The positive association between BMI and risk of breast cancer was stronger and signif- 
icant only among women who never used hormone replacement therapy (HRT), sug- 
gesting that the increased risk of breast cancer associated with excess body weight may 
be mediated through an elevation in endogenous estrogen production in heavier women 
(see Biological Mechanisms of Altered Cancer Risk Associated with Obesity and Type 2 
Diabetes). The European Prospective Investigation into Cancer and Nutrition (12), a fol- 
low-up study of 176,886 women among whom 1879 developed invasive breast cancer, 
confirmed that the relationship between BMI and postmenopausal risk of breast cancer 
is modified by the use of HRT. Among nonusers of HRT, obese women (BMI >30 kg/m 2) 
had a 31% excess risk of breast cancer compared with women with a BMI <25 kg/m 2. 
Among HRT users, who already were at an increased risk of breast cancer owing to 
HRT, high BMI did not further increase risk of breast cancer. 

In the Cancer Prevention Study II of 495,477 women including 2755 breast cancer 
deaths (3), BMI showed a linear positive association with mortality from postmenopausal 
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breast cancer (Table 2). Compared with women having normal weight, the risk of death 
from breast cancer was 63% higher for women with a BMI between 30.0 and 34.9 kg/m 2 
and 70% higher for women with a BMI between 35.0 and 39.9 kg/m2; women with a 
BMI of 40.0 kg/m 2 or higher (grade 3 overweight) had more than twofold increased risk. 

In summary, there is an extensive body of epidemiological data showing that obesity 
has a dual effect on risk of breast cancer. Whereas obesity modestly reduces the risk of 
breast cancer in premenopausal women, obesity in postmenopausal women signifi- 
cantly increases the risk, in particular among nonusers of HRT. 

DIABETES 

Epidemiological studies concerning the relationship between diabetes and risk of 
breast cancer are not as consistent. A large prospective cohort study of US nurses (13) 
found that women with diabetes had an approx 20% elevated risk of breast cancer com- 
pared with women without diabetes independent of obesity and other risk factors for 
breast cancer. The increased risk associated with diabetes was only observed among 
postmenopausal women. Similar findings were obtained from a Swedish cohort study 
(14) and a large multicenter case-control study in Italy (15) showing a 30-50% increased 
risk of breast cancer associated with diabetes only in older or postmenopausal women. 
In the large American Cancer Prevention Study II (16), diabetic women had a signifi- 
cantly elevated risk of fatal breast cancer (27%) compared with nondiabetic women; this 
association was not explained by high BMI and other known and possible risk factors 
for breast cancer. Other studies indicated no significant association between diabetes 
and risk of breast cancer (17-22). However, several of these studies were limited in size 
and, therefore, did not have enough statistical power to observe associations. 

In summary, although four large studies have shown an association between diabetes 
and increased risk of breast cancer independent of obesity other studies are nonsupportive. 
More large studies are needed before any conclusion can be drawn on this relationship. 

Endometrial Cancer 

OVERWEIGHT AND OBESITY 

Endometrial cancer is the seventh most common malignancy in women worldwide 
(8) and the fourth most common in women in the United States (9). Excess body weight 
appears to be a strong and consistent predictor of risk of endometrial cancer in both 
pre- and postmenopausal women, with overweight women having an approximate two- 
to threefold increased risk of endometrial cancer (1). In most studies, risk of endome- 
trial cancer increased approximately linearly in women with a BMI >25 kg/m 2, whereas 
a few studies suggested a threshold effect, with an increased risk observed only among 
women with a BMI of about 30 kg/m 2 or higher (1). 

In a review by Bergstr6m et al. (2), all but 1 of 14 studies showed a positive association 
between BMI and risk of endometrial cancer. Four of those 14 studies provided enough 
information to be included in a meta-analysis, which predicted a 10% increase in the risk of 
endometrial cancer per unit increment in BMI; the estimates implied an increase in risk by 
59% for overweight and 152% for obese women compared with women of normal weight. 

In the Cancer Prevention Study II (3), risk of death from endometrial cancer 
increased in a stepwise manner with increasing BMI (Table 2). Women with a BMI of 
>40 kg/m 2 (grade 3 overweight) experienced greater than sixfold increased risk of 
endometrial cancer compared with women of normal weight. 
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DIABETES 

A history of diabetes has frequently emerged across studies as a risk factor for 
endometrial cancer (23), even after controlling for BMI and other established risk factors 
(16,24-26). Most studies have observed a 30-400% excess risk of endometrial cancer 
for diabetic women compared with nondiabetic women (14,16,24-28). In some studies 
(26-28), but not all (24,25,29), the positive association was more pronounced among 
obese women than among nonobese. 

Ovarian Cancer 

OVERWEIGHT AND OBESITY 

Cancer of the ovary is the sixth most common malignancy in women worldwide (8) 
and the fifth most common in women in the United States (comprises 4% of all can- 
cers) (9). In contrast to epidemiological data on endometrial and postmenopausal breast 
cancer, studies linking excess body weight to ovarian cancer risk are inconclusive. 
Although a number of studies reported a positive association between overweight or 
obesity and ovarian cancer incidence or mortality (3,5,6,30-35), other studies were 
nonsupportive (36-43). The inconsistent results may be owing to the complex relation- 
ship between obesity and steroid hormones, depending on age and menopausal status. 
Studies that addressed the association between excess body weight and risk of ovarian 
cancer separately for pre- and postmenopausal women observed a positive association 
only in premenopausal women (30,44). 

In a Norwegian cohort study of approx 1.1 million women followed for an average 
of 25 yr, women who were overweight and obese in adolescence or in young adulthood 
had a significantly increased risk of ovarian cancer (45). Likewise, several other studies 
(31,36-38,45) but not all (32), have found a positive association between BMI in 
adolescence or early adulthood and risk of ovarian cancer. 

In the Cancer Prevention Study II (3), risk of death from ovarian cancer was increased 
for overweight women (Table 2). Compared with normal-weight women, those with a 
BMI of >35.0 kg/m 2 had a 51% increased risk of death from ovarian cancer. 

In summary, a relatively large number of epidemiological studies have examined the 
relation between obesity and risk of ovarian cancer. Although the findings are not con- 
sistent, the most informative studies suggest that obesity in adolescence/young adult- 
hood and in premenopausal women may increase the subsequent risk of ovarian cancer. 

DIABETES 

Diabetes was not observed to be associated with an increased risk of ovarian cancer 
in case-control (19,29,46-48) or cohort studies (16,17,49-51). 

Prostate Cancer 

OVERWEIGHT AND OBESITY 

Prostate cancer is the leading cancer in men in the United States (33% of all can- 
cers) (9) and the fourth most common malignancy in men worldwide (8). Although 
some studies have suggested an association between excess body weight and increased 
or decreased risk of prostate cancer, most studies have found no association (1). A 
meta-analysis by Bergstr6m et al. (2) estimated that compared with a man of normal 
weight, an overweight man had a 6% and an obese man a 12% increase in the risk of 
prostate cancer. In addition, the Cancer Prevention Study II of 404,576 men including 
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4004 prostate cancer deaths (3) found that obesity was associated with a 20-34% higher risk 
of fatal prostate cancer (Table 1). Overall, however, epidemiological data suggest the absence 
of a strong association between excess body weight and incidence of prostate cancer. 

DIABETES 

Epidemiological studies relating diabetes to risk of prostate cancer have yielded 
equivocal results. Small studies have generally not observed an association between 
diabetes and prostate cancer (29,50-52). Larger studies have been either null (16,53,54) 
or showed an inverse association (17,55-58). The American Cancer Prevention Study II 
found no association between diabetes at baseline and incidence of prostate cancer 
(53). However, men who had diabetes for 5 yr or more had a significantly higher inci- 
dence of prostate cancer (56%) compared with men who did not have diabetes. These 
findings are in contrast to those from the Health Professionals Follow-Up Study, which 
showed an overall 25% reduction in risk of prostate cancer among diabetic patients, 
after controlling for high BMI and other potential confounders (56). When time since 
diagnosis was taken into account, risk of prostate cancer was not reduced in the first 5 yr 
after diagnosis but was lower in the next 5 yr (33% lower risk) and lowest after 10 yr 
(46% lower risk). Likewise, in the Physicians' Health Study (58), men who had been 
diagnosed with diabetes more than 10 yr prior to their diagnosis of prostate cancer had 
a 41% reduced risk of prostate cancer, relative to men without diabetes. 

In a large population-based cohort study in Sweden (55), patients hospitalized with 
diabetes had a significantly lower risk of prostate cancer (9%) in comparison with the 
general population. There was no consistent trend in risk related to age at first hospital- 
ization or to duration of follow-up, but the risk reduction was more pronounced among 
patients who had been hospitalized for diabetes complications (55). Similarly, in a 
population-based case-control study in the United States (57), a history of diabetes was 
associated with a significantly decreased risk of prostate cancer (36%). As in the 
Swedish cohort, the inverse association of diabetes with risk of prostate cancer was 
somewhat stronger for those men experiencing complications (57). 

In summary, there is no evidence that diabetes increases the risk of prostate cancer. 
By contrast, some studies suggest that diabetic men may be less likely to develop 
prostate cancer. 

Colorectal Cancer 

OVERWEIGHT AND OBESITY 

Colorectal cancer comprises 10% of all cancers worldwide and 22% of all cancers in 
the United States (9). Many studies have shown that a high BMI is related to an increased 
risk of colorectal cancer in men, whereas this relationship has not been as consistent in 
studies of women (1). Studies have suggested that the association between BMI and risk of 
colorectal cancer may vary by menopausal status and that the association is stronger for, or 
perhaps limited to, premenopausal women. In addition, several studies have reported a 
stronger association for cancer of the colon than of the rectum, and the distal colon appears 
more affected than the proximal colon (1). A meta-analysis by Bergstr6m et al. (2) pre- 
dicted that each unit increment in BMI corresponds to a 3% increase in the risk of colon 
cancer. Overweight subjects were estimated to have a 15% and obese subjects a 33% 
increased risk of colon cancer compared with subjects having a normal weight. 

In the Cancer Prevention Study II (3), the risk of mortality from colorectal cancer 
increased approximately linearly with increasing BMI in both men and women, 



242 Larsson et al. 

although the association was somewhat stronger in men (Table 1). In men, those with a 
BMI of >35.0 kg/m 2 had an 84% increased risk of mortality from colorectal cancer 
compared with normal-weight men. In women, compared with those of normal weight, 
the risk of mortality from colorectal cancer was increased by 36% for those having a 
BMI of 35.0-39.9 kg/m 2 and by 46% for those having a BMI of >40 kg/m 2. This lower 
risk in women may be owing to increased endogenous estrogen concentrations in obese 
postmenopausal women. The Women's Health Initiative (59), a randomized controlled 
trial in postmenopausal women, found that women who received estrogen (plus prog- 
estin) had a significantly decreased risk of colorectal cancer compared with women not 
receiving estrogen. Thus, estrogen may partly offset the deleterious effect of obesity on 
risk of colorectal cancer in postmenopausal women. 

Overall, an increased risk of colorectal cancer with increasing BMI has been observed 
in most studies. The findings have been more consistent for colon than for rectal cancer. 
In addition, the association with BMI appears to be stronger for men than for women. 

DIABETES 

Most studies (16,29,60-64), but not all (65), have found a history of diabetes to be 
related to an increased risk of colon or colorectal cancer. In the Nurses' Health Study, 
Hu et al. (63) reported that diabetic women independent of obesity had a 43% increased 
risk of colorectal cancer compared with nondiabetic women. The association was most 
apparent for advanced colorectal cancer, with a risk being 240% higher for diabetic 
women (63). In addition, women whose diabetes had been diagnosed 11-15 yr earlier 
had a 230% greater risk of colorectal cancer compared with nondiabetic women (63). 
The positive association was stronger for colon cancer than for rectal cancer (63). The 
American Cancer Prevention Study II (16) reported that men and women with a history 
of diabetes had a significantly higher risk of fatal colon cancer (about 20%) compared 
with those without diabetes; this association was not explained by high BMI and other 
risk factors for colon cancer. Diabetes was not associated with mortality from cancer of 
the rectum (16). 

In summary, available data indicate that diabetes independently from the effect of 
high BMI is a risk factor for colorectal cancer. The evidence is too limited to allow any 
conclusion on whether the relation between diabetes and risk of colorectal cancer is 
restricted to a specific subsite in the large bowel. 

Kidney Cancer 

OVERWEIGHT AND OBESITY 

Kidney cancers account for about 2% of cancers both worldwide (8) and in the United 
States (9). Epidemiological studies have consistently identified a positive association of 
BMI with risk of kidney (mainly renal cell) cancer (1). Bergstr6m et al. (66) summa- 
rized the epidemiological literature published between 1966 and 1998. Of the 14 studies 
included in a meta-analysis, all but one showed a positive association with obesity, and 
the association was significant in all but four studies (66). The meta-analysis showed a 
7% increase in risk of kidney cancer per unit of  increment in BMI. Compared with 
individuals of normal weight (BMI of 20-24.9 kg/m2), those with a BMI of _>40 kg/m 2 
had a 240% increased risk of kidney cancer (Fig. 2). Besides a positive association 
between BMI and kidney cancer, repeated weight changes (weight cycling) has been 
associated with an almost fourfold increase in the risk of renal cell cancer in women (67). 
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Fig. 2. Association between body mass index (BMI) and risk of kidney cancer. The reference group 
for all comparisons is individuals of normal weight (BMI between 20 and 25 kg/m2). (From ref. 66.) 

In the Cancer Prevention Study II (3), the risk of death from kidney cancer was 
increased by 70% for men with a BMI of >35.0 kg/m 2 compared with men of normal 
weight (Table 1). In women, those with a BMI of >40 kg/m 2 had a nearly fivefold 
higher risk of death from kidney cancer compared with normal-weight women. 

DIABETES 

The evidence regarding the relationship between diabetes and risk of kidney cancer 
is conflicting. Whereas some case-control studies found no relation between a history 
of diabetes and risk of kidney cancer (19,68,69), others showed a nonsignificant posi- 
tive association (70,71) or a significant positive association (72), or observed an 
increased risk restricted to women (29, 73-75). Three cohort studies found an increased 
risk of kidney cancer among patients with diabetes (17,49, 76). None of those three 
studies controlled for high BMI, and, thus, the effect of diabetes independent of that of 
obesity could not be addressed. In the large American Cancer Prevention Study II (16), 
in which high BMI and other potential confounders were adjusted for, there was no evi- 
dence of an association between a history of diabetes and risk of kidney cancer in men 
or women. Furthermore, other cohort studies observed no relationship between dia- 
betes and risk of kidney cancer (50, 77). 

Pancreatic Cancer 
OVERWEIGHT AND OBESITY 

Cancer of the pancreas accounts for only about 2% of new cases of cancer worldwide 
(8) and in the United States (9). Owing to its high fatality, pancreatic cancer is one of the 
leading causes of cancer-related death. In the United States, pancreatic cancer accounts 
for about 5% of cancer deaths in men and 6% in women (9). Epidemiological studies 
pertaining to the association between excess body weight and risk of pancreatic cancer 
have not been consistent. Case-control studies published in the 1990s suggested little or 
no association of overweight or obesity with risk of pancreatic cancer (78). Subsequently, 
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a fairly consistent positive association has emerged from several prospective cohort 
studies in which weight was assessed before the diagnosis of pancreatic cancer 
(3,6,79-81). 

Berrington de Gonzalez et al. (78) conducted a meta-analysis of six case-control and 
eight cohort studies published from 1966 to 2003. The summary analysis predicted a 2% 
increase in risk of pancreatic cancer per-unit increment in BMI. This per unit increase 
translates into a 19% higher risk for obese individuals (BMI > 30 kg/m 2) compared with 
that for normal weight (BMI < 25 kg/m2). In the Cancer Prevention Study II (3), risk of 
death from pancreatic cancer was increased by 49% in men with a BMI of >35.0 kg/m 2 com- 
pared with men having a normal weight (Table 1). Women with a BMI of 35.0-39.9 kg/m 2 
had a 41% and women with a BMI of >40 kg/m 2 had a 276% elevated risk of mortality 
from pancreatic cancer in comparison with normal-weight women. 

In summary, data on obesity and risk of pancreatic cancer are not entirely consistent. 
The most informative studies, however, have indicated an association between obesity 
and increased risk of pancreatic cancer. 

DIABETES 

The weight of the evidence indicates an increased risk of pancreatic cancer associ- 
ated with a history of diabetes. In a meta-analysis of 11 case-control and 9 cohort stud- 
ies published between 1975 and 1994 (82), an overall doubling of the risk of developing 
pancreatic cancer was noted for diabetic patients compared with nondiabetic individu- 
als; this association remained when the data were restricted to subjects who had devel- 
oped diabetes at least 5 yr before the diagnosis of pancreatic cancer. 

In the Cancer Prevention Study II (83), a history of diabetes was related to about a 
50% elevated risk of fatal pancreatic cancer in both men and women. The death rate 
from pancreatic cancer was twice as high in individuals with diabetes as in those with- 
out during the second and third year of follow-up but only about 40% higher in yr 9-12. 

Esophageal and Gastric Cardia Cancer 
OVERWEIGHT AND OBESITY 

Cancer of the esophagus, although relatively uncommon (4% of all cancers), is an 
important cause of cancer-related mortality (8,84). The incidence rates of esophageal 
adenocarcinoma have been rapidly rising over the last three decades in the United 
States and western Europe (85-87). Devesa et al. (85) noted a 350% increase in the 
incidence of adenocarcinoma of the esophagus in the United States between 1976 and 
1994. Similar but less striking trends have been observed for adenocarcinomas of the 
gastric cardia (85). By contrast, the incidence rates for squamous cell carcinoma of the 
esophagus and noncardia gastric adenocarcinoma have remained stable or declined 
slightly during the same period (85). 

Excess body weight has emerged as a strong and independent risk factor for 
esophageal adenocarcinoma and, albeit to a lesser extent, for gastric cardia, with risk 
rising steadily with increasing BMI (88-94). In a large US multicenter population- 
based case-control study, Chow et al. (90) showed that compared with individuals in 
the lowest BMI quartile, those in the highest had a fourfold increased risk of adenocar- 
cinoma of the esophagus and an approximate doubling of risk of gastric cardia adeno- 
carcinoma. Similar findings emerged from a large population-based case-control study 
in Sweden, wherein Lagergren et al. (91) observed that subjects in the highest quartile of 
BMI had nearly an eightfold excess risk of esophageal adenocarcinoma in comparison 



Obesity, Diabetes, and Cancer 245 

with those in the lowest BMI quartile. This risk increased to 16-fold when obese sub- 
jects (BMI > 30 kg/m 2) were compared with subjects having a BMI <22 kg/m 2. Like 
the US study, the results for gastric cardia adenocarcinoma were weaker than those for 
esophageal adenocarcinoma, with a risk 2.3-fold higher for the top compared with the 
bottom quartile and 4.3-fold higher for a BMI >30 kg/m 2 vs a BMI <22 kg/m 2. Other 
case-control studies have also reported a positive association of BMI with risk of 
esophageal adenocarcinoma and gastric cardia adenocarcinoma, with a two- to sixfold 
increased risk for those in the highest vs lowest BMI categories (88,89,92-94). Excess 
body weight has not been related to risk of esophageal squamous cell carcinoma 
(90,91). 

DIABETES 

In the American Cancer Prevention Study II (16), a history of diabetes was not sig- 
nificantly associated with risk of esophageal or stomach cancer, but additional studies 
are needed to assess this association accurately. 

Other Cancer Sites 
Regarding organ sites other than those discussed, the epidemiological literature is 

sparse and inconclusive. In the American Cancer Prevention Study II (3), significant 
positive linear trends between BMI and death rates were observed for cancers of the 
gallbladder, liver, cervix, non-Hodgkin's lymphoma, leukemia (only in men), and multiple 
myeloma (Tables 1 and 2). Similarly, overweight and obesity were related to significant 
increased risk of non-Hodgkin's lymphoma, leukemia, and multiple myeloma in the 
Canadian National Enhanced Cancer Surveillance System (6). 

Population-Attributable Risk Percent for Cancer 
The proportion of any disease owing to a risk factor in a population is determined by 

both the magnitude of the increased risk and the prevalence of the risk factor in the 
population. That proportion is often expressed as the population-attributable risk per- 
cent, meaning the percentage of disease incidence or mortality that would be elimi- 
nated if the risk factor were removed. The population-attributable risk percent for 
excess body weight in relation to certain cancers has been estimated for Europe (2), 
Canada (6), and the United States (3,95) (Fig. 3). 

Bergstr6m et al. (2) estimated the proportion of all cases of cancer at six sites 
(endometrium, breast in postmenopausal women, colon, kidney, gallbladder, and 
prostate) that might be avoided in the European Union (15 countries) if the population 
maintained a BMI in the normal range (i.e., between 20.0 and 24.9 kg/m2). The esti- 
mates were based on the prevalence of overweight and obesity in European populations. 
Overall, excess body weight was estimated to account for 5% of all cancers, 6% in 
women and 3% in men, corresponding to 45,000 female and 27,000 male cancer cases 
occurring each year. Regarding specific cancer sites, the analysis showed that about 40% 
of endometrial cancers, almost 25% of kidney cancers, approx 25% of gallbladder can- 
cers, about 10% of postmenopausal breast cancers, and >10% of colon cancers could be 
prevented by maintaining a healthy body weight with a BMI <25 kg/m 2. 

Pan et al. (6) estimated the proportion of overall cancer and some specific cancers 
attributable to excess body weight in Canada by using data from the National Enhanced 
Cancer Surveillance System. Overweight and obesity together accounted for about 8% 
of all cancers (10% in men and 6% in women). Regarding specific cancer sites, the 
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Fig. 3. Percentage of Cancer in Europe, Canada, and United States that is potentially preventable if 
population maintains body mass index in normal range. (From refs. 2, 3, and 6 for Europe, United 
States, and Canada, respectively.) 

analysis showed that overweight and obesity were responsible for approx 41% of kid- 
ney cancers, 24% of colon cancers, 20% of rectal cancers, 20% of leukemia, 16% of 
ovarian cancers, 13% of postmenopausal breast cancers, and 11% of non-Hodgkin's 
lymphoma (6). (Data for endometrial cancer were not available.) 

Based on data from a large US multicenter population-based case-control study of 
cancers of the esophagus and stomach, Engel et al. (95) estimated that BMI above the 
lowest quartile (i.e., >23.1 kg/m 2) is responsible for about 40% of esophageal adeno- 
carcinomas and about 20% of gastric cardia adenocarcinomas. 

Using data from the Cancer Prevention Study II, Calle et al. (3) estimated the pro- 
portion of all cancer deaths in the United States that might be avoided if the adult 
population (age 50 yr and older) maintained a BMI in the normal range (i.e., between 
18.5 and 24.9 kg/m2). Current patterns of overweight and obesity were estimated to 
account for 20% of all deaths from cancer in women and 14% of all deaths from cancer 
in men (3). In absolute numbers, more than 90,000 deaths from cancer could be prevented 
yearly in the United States if everyone in the adult population could maintain normal 
weight throughout life. 

BIOLOGICAL MECHANISMS OF ALTERED CANCER RISK ASSOCIATED 
W I T H  OBESITY AND TYPE 2 DIABETES 

The positive relationship between overweight and obesity and cancer risk suggests 
that an excess energy intake relative to energy expenditure or its consequences is impli- 
cated in carcinogenesis. For decades, laboratory researchers have known that restricting 
energy intake of experimental animals not only increases life span but also reduces 
spontaneous tumor occurrence (96). There is also evidence that physical activity may 
reduce the risk of some cancers, including colon, breast, and perhaps endometrial (1). 
Positive energy balance and obesity are associated with multiple metabolic changes 
that may subsequently affect cancer development. Several biological mechanisms have 
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been put forth to explain the relationship between excess body weight and risk of cancer. 
Certainly the best studied factors to date involve endogenous hormones (steroid hormones 
and insulin) and the insulin-like growth factor (IGF) system. 

Steroid Hormones and Sex Hormone-Binding Globulin 
Steroid hormones, including androgens, estrogens, and progesterone, are involved in 

regulation of the balance among cellular differentiation, proliferation, and apoptosis 
(programmed cell death) and may favor the selective growth of preneoplastic and neo- 
plastic cells (97,98). Both overall and central adiposity have been associated with dif- 
ferences in total and bioavailable steroid hormones. A metabolic consequence of 
obesity, especially central adiposity, is the development of insulin resistance. Insulin 
resistance leads to a compensatory increase in insulin secretion from the pancreas, with 
consequent hyperinsulinemia. Chronic hyperinsulinemia results in an increase in IGF-1 
bioavailability through a decrease in some of its binding proteins (IGF-binding protein- 1 
[IGFBP-1] and IGFBP-2) (99,100). Insulin and increased bioavailable IGF-1, in turn, 
suppress the hepatic synthesis of sex hormone-binding globulin (SHBG) (101-103). 
Lower SHBG concentrations consequently lead to an increase in the amount of unbound 
bioactive steroid hormones. Insulin and IGF-1 also stimulate the synthesis of steroid 
hormones, particularly androgens (100). Finally, in men and postmenopausal women, 
adipose tissue is a major site for the synthesis of estrogens through aromatization of 
androgenic precursors (104). 

The risks of cancers of the breast, endometrium, and ovary are associated with factors 
such as early menarche, late menopause, age at first pregnancy, parity, and use of post- 
menopausal HRT and oral contraceptives, suggesting an important role of hormones in 
the etiology of these cancers. 

For breast cancer, there is strong evidence that risk is increased in postmenopausal 
women who have high circulating estrogen concentrations (105), particularly in combi- 
nation with high progesterone concentrations (106,107). Risk is further increased in 
postmenopausal women who have low concentrations of SHBG and in those with ele- 
vated concentrations of total and bioavailable estrogens and androgens (108,109). In 
premenopausal women, obesity may lead to anovulation and decreased progesterone 
levels (110) and, thus, may explain, at least in part, why obesity appears to be inversely 
related to risk of breast cancer in premenopausal women. 

With respect to endometrial cancer, the predominant hypothesis is that risk is 
increased in women who have normal to high concentrations of bioavailable estrogens 
but low concentrations of progesterone (111). This theory is supported by observations 
that risk of endometrial cancer is increased in women who use postmenopausal hor- 
mone replacements containing only estrogens, or those who take oral contraceptives 
with about 16 d of estrogen use followed by <10 d of progestin use (112-114). Studies 
in vitro have demonstrated that estrogens stimulate the proliferation of normal endome- 
trial tissue and endometrial tumor cells, and that this effect may, at least partly, be 
mediated through an increase in local IGF-1 concentrations (115). Progesterone, on the 
other hand, can increase the concentrations of IGFBP-1 in endometrium and thus reduce 
bioactive IGF-1 concentrations (115). Low circulating concentrations of SHBG and 
elevated concentrations of androgens have been related to increased risk of endometrial 
cancer in both pre- and postmenopausal women (116-118). 

The etiology of ovarian cancer remains poorly understood. It has been hypothesized 
that risk of ovarian cancer may be increased by factors associated with excess androgenic 
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stimulation of ovarian epithelial cells and may be decreased by factors related to greater 
progesterone stimulation (119). As noted earlier, obesity may lead to anovulation and 
decreased progesterone concentrations (110). Hence, if progesterone is protective (119), 
then obesity might increase the risk of ovarian cancer in premenopausal women by 
reducing the concentrations of progesterone. Indeed, epidemiological studies have gen- 
erally reported a positive association between obesity and risk of ovarian cancer only in 
premenopausal women and in women who were overweight or obese in adolescence or 
early adulthood. 

Insulin and the IGF System 
As noted earlier, a major metabolic consequence of obesity is related to hyperinsu- 

linemia and an increase in bioactive IGF-1. Besides the effects on circulating total and 
bioavailable steroid hormones, insulin and IGF-1 may be directly involved in carcino- 
genesis. Insulin and IGF-1 play a crucial role in the regulation of cellular proliferation 
and apoptosis of normal and neoplastic cells of many types (99,120-122). In addition, 
both hormones have effects on cellular differentiation (120,123) and angiogenesis 
(124). Several studies have supported an association of elevated insulin production and 
insulin concentrations with an increased risk of developing colorectal cancer (125-128). 
Furthermore, high circulating concentrations of IGF-1 have been associated with an 
increased risk of several cancers, including cancers of the breast, prostate, and colon 
(99,129). The association between type 2 diabetes and risk of cancer may be explained, 
biologically, by hyperinsulinemia and its consequences. 

Other Mechanisms 
In addition to the effects on steroid hormones and on insulin and the IGF system, 

there are several other potential mechanisms by which excess body weight may confer 
an increased risk of cancer. For example, obesity may increase the risk of cancer by 
increasing the circulating concentration of several adipose tissue-secreted proteins, the 
best studied of which is leptin, a hormone closely related to the percentage and amount 
of adipose tissue (130,131). Leptin in mice is involved in the regulation of blood pres- 
sure, angiogenesis, and wound healing (132,133), and experimental studies have shown 
that leptin may stimulate growth of colonic epithelial cells (134,135). Two case-control 
studies reported an increased risk of colon cancer associated with high circulating lep- 
tin concentrations (136,137), but other studies did not observe any significant associa- 
tion between circulating leptin concentrations and risk of leukemia or cancers of the 
breast (138), endometrium (139), and prostate (140,141). 

Adiponectin is another adipocyte-secreted hormone that holds promise as a link 
between obesity and diabetes, and cancer. A strong and consistent inverse association 
between adiponectin and both insulin and inflammatory states has been established 
(142). Circulating concentrations of adiponectin are reduced in conditions associated 
with insulin resistance such as obesity and type 2 diabetes (143). Low concentrations 
of adiponectin have emerged as being implicated in cancers of the breast (138,144) and 
endometrium (145,146) independent of the possible effect of obesity and other known 
and potential risk factors for these cancers. A recent case-control study (145) reported 
that women with a high BMI and low plasma adiponectin had a 6.5-fold increased risk 
of endometrial cancer compared with women with the opposite characteristics. 
Noteworthy, some studies (26-28) have found that the association between diabetes 
and risk of endometrial cancer is stronger among women with a high BMI. This might 
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suggest that diabetes and obesity may have multiplicative effects in endometrial 
carcinogenesis. 

CONCLUSIONS 

Ample evidence indicates that overweight and obesity are associated with increased 
incidence of and mortality from most cancers. A review in 2002 by IARC concluded 
that there is sufficient evidence of a cancer-preventive effect of avoidance of weight 
gain for cancers of the endometrium, breast (in postmenopausal women), and colon 
(especially in men); renal cell carcinoma; and esophageal adenocarcinoma (1). Since 
that review, a large cohort study (the Cancer Prevention Study II) along with other 
cohort and case-control studies, has provided evidence that obesity possibly may be a 
risk factor for other cancers as well, including those of the prostate, ovary, pancreas, 
and gallbladder; multiple myeloma; leukemia; and non-Hodgkin lymphoma. Overall, 
the current patterns of overweight and obesity in the United States have been estimated 
to account for 20% of all deaths from cancer in women and 14% in men. 

An accumulating body of evidence further shows an association between diabetes 
and increased risk of certain forms of cancers such as endometrial and colon independ- 
ent of obesity. The dramatically increasing prevalence of overweight and obesity and 
type 2 diabetes in most parts of the world underscores the importance of learning more 
about the relationship among excess body weight, diabetes, and risk of cancer and of 
clarifying the underlying mechanisms involved. In view of the high proportion of can- 
cer cases that could be prevented if the population maintained a healthy body weight, 
efforts to promote physical activity and healthful dietary practices are of substantial rel- 
evance for maintaining public health. 
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I N T R O D U C T I O N  

Polycystic ovary syndrome (PCOS) is a complex disorder with multiple potential 
etiologies and variable clinical presentations whose pathogenesis remains poorly under- 
stood. PCOS is characterized by clinical and/or biochemical hyperandrogenism and 
chronic anovulation. This syndrome is also associated with insulin resistance, obesity, 
increased risk of diabetes mellitus and, possibly, cardiovascular disease (CVD). 

Background 
In 1935, Stein and Leventhal (1) described a syndrome of amenorrhea and polycystic 

ovaries that was commonly associated with obesity, hyperandrogenism, and infertility. 
Laparotomy revealed enlarged ovaries with thickened tunica and multiple (20-100/ 
ovary) cysts. Resection of one-half to three-fourths of ovarian tissue resulted in normal 
menstrual function (1). 

In 1976, Kahn et al. (2) solidified the association of hyperandrogenism, polycystic 
ovaries, or ovarian hyperthecosis with insulin resistance and acanthosis nigricans in 
their description of adolescent girls with mutations of the insulin receptor gene. In 
1980, hyperinsulinemia in "garden-variety" PCOS was confirmed by Burghen and 
Kitabchi (3), who reported a linear correlation between circulating insulin levels and 
androgen levels in women with PCOS, suggesting etiological significance of hyperin- 
sulinemia in the development of the disorder. Demonstration of insulin receptors in the 
human ovary in 1984 clearly established the ovary as a target for insulin action (4,5). 

During the past two decades, it became evident that PCOS held metabolic, in addi- 
tion to reproductive, importance for the affected women. 
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Table 1 
Prevalence of Clinical Features in PCOS 

Feature Prevalence in PCOS (%) 

Hirsutism (11,22) 
Acne (11,22) 
Obesity (BMI > 30 kg/m 2) (22) 
Infertility (11,22) 
Impaired glucose tolerance (112) 
Type 2 diabetes (112) 

66-72 
15-35 

60 
33--40 

35 
10 

Epidemiology 
PCOS is the most common endocrinopathy affecting women of reproductive age, 

with a prevalence ranging from 5 to 10%. In prospective studies, the prevalence of 
PCOS was found to be 4.7% among Caucasian women in the southeastern United States 
(6); 6.8% in Greeks in the island of Lesbos (7); and 6.5% in Caucasians in Madrid, 
Spain (8). In one study, the prevalence of PCOS among premenopausal women with 
type 2 diabetes mellitus was found to be 26.7% (9). 

Clinical Manifestations 
The presentation of PCOS is variable. The classic symptoms of menstrual irregular- 

ity, polycystic ovaries, obesity, and hirsutism usually develop during adolescence but 
do not all need to be present for diagnosis (Table 1). 

MENSTRUAL IRREGULARITY 

Menstrual irregularity owing to oligo- or anovulation is the hallmark of PCOS. 
Normal or delayed menarche may be followed by regular cycles, which become irreg- 
ular with the development of weight gain and hyperandrogenism. Women with PCOS 
usually have sufficient estrogen owing to peripheral conversion from androgens but are 
deficient in progesterone, leading to chronic stimulation of the endometrium, leading, 
in turn, to increased risk of endometrial hyperplasia and endometrial cancer, as well as 
dysfunctional uterine bleeding. 

HYPERANDROGENISM 

Hyperandrogenism is most commonly manifested as hirsutism, followed by ache 
(10). Other manifestations include male-pattern balding, deepening of the voice, and 
increased muscle mass. Hirsutism is defined as excess terminal body hair in a male dis- 
tribution and can be measured using the Ferrimen-Gallwey score (11). Many women 
with PCOS, especially women of East Asian origin, do not exhibit hirsutism (12). 

Venous catheterization studies and dexamethasone suppression tests have proved the 
ovaries to be the primary source of androgens in women with PCOS (13). Serum free 
testosterone concentration is usually increased, whereas serum sex hormone-binding 
globulin (SHBG) concentration is often low, owing to hyperinsulinemia. Total serum 
testosterone concentration varies depending on the level of SHBG. Although the ovary 
is the main source of excess androgen, circulating adrenal androgen levels can also be 
elevated, usually to a mild degree, with 40-60% of women with PCOS exhibiting ele- 
vations of serum concentrations of dehydroepiandrosterone sulfate (DHEA-S) (13). 
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Table 2 
Clinical and Biochemical Features of Obese vs Nonobese 

Patients With PCOS 

Feature Obese Nonobese 

Hirsutism (11) ++ 
SHBG (17) ,1, 
Free testosterone (17) "~'~ 
Oligomenorrhea/anovulation (11,17) ++ 
Infertility (11) ++ 
Acanthosis nigricans (17) ++ 
Insulin resistance (17) ++ 
Increased GH/IGF system activity (109) + 
Dyslipidemia (124) ++ 
Impaired glucose homeostasis (112) ++ 
Risk of endometrial carcinoma (152) ++ 

+ 

Normal 
1" 
+ 
+ 
+ 
+ 

-H- 
+ 
+ 
+ 

HYPOTHALAMIC-PITUITARY ABNORMALITIES 

Many women with PCOS exhibit elevated mean serum leutinizing hormone (LH) 
concentrations, owing to increased LH pulse frequency and amplitude. Follicle-stimulating 
hormone (FSH) concentration in the serum is usually normal or low, resulting in an 
elevated LH/FSH ratio. Because LH secretion is pulsatile, a single measurement may 
not be reliable. Furthermore, because FSH may be elevated owing to sporadic ovula- 
tion, LH/FSH ratio may be normal. Finally, overweight women with PCOS tend to 
have lower basal LH and LH pulse amplitude than lean women with PCOS (13). This 
variability makes LH/FSH ratio a relatively insensitive indicator of PCOS. 

POLYCYSTIC OVARIES 

Classically, PCOS ovaries contain 8-10 small (2- to 8-mm) follicles arranged periph- 
erally, in a single-plane view, around an increased amount of stroma (13). This finding, 
however, is not unique to PCOS and has been observed in different settings and with 
varying prevalence, depending on the population studied: 92% of women with idio- 
pathic hirsutism, 87% with oligomenorrhea, 82% of premenopausal women with type 2 
diabetes mellitus, 82% of women with congenital adrenal hyperplasia (CAH), 40% of 
women with a history of gestational diabetes, and 22% of healthy volunteers (13-15). 

OBESITY 

Body mass index (BMI) > 25 kg/m 2 is present in at least 35-50% of women with 
PCOS (13,16). The type of obesity seen in PCOS is central, or android, with increased 
waist-to-hip ratio (>0.85). Obese women with PCOS are more likely to be hirsute and 
have menstrual disorders than nonobese women with PCOS. Infertility rates can be up 
to 40% higher in women with PCOS whose BMI is >30 kg/m 2 than in those whose BMI 
is <30 kg/m 2 (10). Serum SHBG concentrations are also lower in obese women with 
PCOS, and circulating SHBG is inversely related to insulin concentration (16) (Table 2). 

INSULIN RESISTANCE 

Both lean and obese women with PCOS demonstrate insulin resistance and hyperin- 
sulinemia, although obese women with PCOS have a higher degree of insulin resist- 
ance than lean women with PCOS (16). 
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DIAGNOSIS 

A 1990 National Institutes of Health (NIH) conference on PCOS developed the fol- 
lowing diagnostic criteria for disease: (1) menstrual irregularity owing to oligo- or 
anovulation; and (2) evidence of hyperandrogenism, clinical or biochemical, with the 
exclusion of other causes of hyperandrogenism and ovulatory dysfunction (17). More 
recently, in 2003, a consensus group agreed in Rotterdam to broaden the diagnostic cri- 
teria to include presence of polycystic ovary morphology as a third component (18). 
Any two of the three components are sufficient to diagnose PCOS. 

The most serious conditions to rule out in the differential diagnosis are virilizing 
tumors of the ovary or adrenal glands. Patients with tumors usually have rapid progres- 
sion of masculinizing symptoms with very high circulating testosterone levels (>250 
ng/mL), but occasionally testosterone values can be normal (19). Although women with 
PCOS often have modest elevations of serum DHEA concentrations, markedly elevated 
DHEA levels point to an adrenal source. Another rare condition to rule out is Cushing's 
syndrome, which can present with hirsutism, weight gain, and oligomenorrhea. 

Adrenal hyperandrogenism owing to CAH can result in hirsutism and menstrual 
irregularities. Classic forms of CAH are usually diagnosed at birth or in childhood and 
can present with varying degrees of hyperandrogenism with or without salt wasting. 
Nonclassic, or late onset, CAH is usually caused by 21-hydroxylase deficiency. Women 
with nonclassic CAH can present with mild hyperandrogenism during adolescence, 
similar to PCOS. Morning serum concentrations of 17-hydroxyprogesterone <2 ng/mL 
effectively rule out CAH, whereas higher values require further investigation with an 
adrenocorticotropic hormone (ACTH) stimulation test. ACTH-stimulated values of 17- 
hydroxyprogesterone >10 ng/mL are consistent with, although not necessarily diagnostic 
of, CAH (20). 

In a large study including 873 women with hyperandrogenism, the prevalence of 
androgen-secreting tumors was 0.2%, CAH was 0.6%, nonclassic CAH was 1.6%, idio- 
pathic hirsutism was 4.7%, hyperandrogenic insulin-resistant acanthosis nigricans syn- 
drome was 3.1%, and PCOS was 82% (21). 

PATHOPHYSIOLOGY 

The etiology of PCOS is unknown, but there is a strong genetic component. Although 
familial clustering of hyperandrogenism with a high prevalence (46-55%) of PCOS 
among siblings is consistent with autosomal pattern of inheritance (22-24), given the 
heterogeneity of the disease, etiology is likely to be multigenic, affecting a host of 
genes and their cellular responses. 

Prevailing Hypotheses 
Three main hypotheses for the pathogenesis of PCOS have been proposed, each 

based on the stated primary biochemical abnormality: (1) central hypothesis, (2) ovarian 
hypothesis, and (3) insulin hypothesis. 

CENTRAL HYPOTHESIS 

Excessive LH secretion leading to theca cell hyperplasia and androgen secretion by 
the ovaries is the basis of the central hypothesis. In women with PCOS, pituitary 
gonadotropes exhibit increased sensitivity to exogenous gonadotropin-releasing hor- 
mone (GnRH) (25). Administration of GnRH agonists and/or pulsatile GnRH improves 
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symptoms of hyperandrogenism and can induce ovulation in 40-72% of women with 
PCOS (26,27). However, abnormalities in gonadal function often persist, and circulat- 
ing testosterone levels may remain elevated despite LH suppression (28). Thus, it is 
not clear whether excess LH is owing to increased GnRH secretion or to abnormal sex 
steroid feedback. Furthermore, the central hypothesis does not account for PCOS in 
those women who do not demonstrate excess LH. 

OVARIAN HYPOTHESIS 

The ovarian hypothesis postulates a primary intrinsic defect in the ovary leading to 
abnormal secretion of both androgens and estrogens. Ovarian resection, the initial inter- 
vention proposed by Stein and Leventhal (1), results in reduction of androgen levels 
and resumption of menses, presumably by removing the androgen-producing tissue. 
Theca cell (where ovarian androgen production primarily occurs) hypertrophy and wide- 
spread overexpression of steroidogenic enzymes are characteristic of the polycystic ovary 
(29). Furthermore, theca cells from PCOS ovaries produce increased amounts of prog- 
esterone and 17-hydroxyprogesterone compared with theca cells from normal ovaries 
(30). Exaggerated responses of 17-hydroxyprogesterone and androstenedione to GnRH 
agonist and LH (31) suggest increased 17o~-hydroxlyase activity, involving 17,20 lyase. 
These findings have led to a proposal that dysregulation of cytochrome P450c17o~ 
(which comprises both 17ix-hydroxylase and 17,20 lyase activities) is the primary 
disorder in ovarian steroidogenesis in PCOS. Subsequently, the gene encoding 
P450c170~, CYP17, was investigated as the prime candidate gene for disease-carrying 
mutations or polymorphisms; however, results are conflicting (32). An alternative 
view is that increased steroidogenesis in the ovary is simply the result of increased 
theca cell mass (33). 

Excessive serine phosphorylation of P450c17oc has been shown to stimulate selec- 
tively 17,20 lyase activity, offering yet another mechanism of abnormal steroidogenesis 
in PCOS (34). Interestingly, excessive serine phosphorylation of the insulin receptor 
has been reported in approx 50% of women with PCOS and proposed as a mechanism 
for insulin resistance (35). 

INSULIN HYPOTHESIS 

Although not included among the 1990 NIH-sponsored consensus of diagnostic criteria 
for the disease, insulin resistance and compensatory hyperinsulinemia are prominent 
features of PCOS. The theory that hyperinsulinemia causes hyperandrogenism is 
supported by, among other findings, the fact that insulin sensitizers improve hyper- 
androgenism, while antiandrogens do not significantly improve insulin resistance. 
Hyperinsulinemia contributes to the pathogenesis of PCOS not only by directly increasing 
theca cell androgenesis, but also by increasing the bioavailability of androgens, and by 
contributing to the development of morphological changes in the ovary. 

In vitro studies show that insulin stimulates 17ct-hydroxylase activity in ovarian 
theca cells (36), a finding not dearly confirmed by in vivo studies (37,38). Insulin also 
acts synergistically with LH, augmenting theca cell response of androgenesis to LH 
(39,40). Administration of human chorionic gonadotropin (hCG) causes the formation 
of ovarian follicular cysts in rats, which is augmented with the additional administra- 
tion of insulin (Fig. 1) (41). The mechanism of this synergism is unclear but may involve 
increasing LH receptor number (42). Insulin suppresses circulating SHBG by inhibiting 
its production in the liver, resulting in increased free or bioavailable androgens (43,44). 
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Fig. 1. Effects of 23 d of daily injections of saline (control), hCG, insulin, and GnRH antagonist 
(GnRHant) on formation of ovarian cysts in rats. Female Sprague-Dawley rats were randomized to 
the following treatment groups: control, hCG, insulin, GnRHant, hCG + GnRHant, insulin + 
GnRHant, insulin + hCG, or hCG + insulin + GnRHant. Ovarian morphology in the group treated 
with insulin + hCG (not shown) did not differ from that seen in the group treated with hCG + insulin + 
GnRHant. (Reprinted from ref. 41 with permission from Elsevier.) 

Circulating levels of SHBG correlate negatively with insulin levels (45), and low serum 
SHBG concentration may be a marker for insulin resistance (46). 

Role of  Obesity 
The mechanisms by which obesity may contribute to the pathogenesis of PCOS are 

complex. 

AROMATASE 

Estrogen production by the ovaries and adipose tissue is increased in obesity, probably 
owing to increased aromatase activity, which correlates positively with adiposity (47). 
Treatment with aromatase inhibitors can be used to induce ovulation (48), and metformin 
and troglitazone, both of which inhibit aromatase, reduce hyperandrogenism (49,50). 

An alternate view is that ovarian aromatase activity in PCOS is decreased, disrupting 
the androgen-estrogen balance, favoring increased androgens (51). The small follicles 
typical of PCOS ovaries have lower aromatase activity (which is a function of follicu- 
lar size [52]) and, thus, lower concentrations of estradiol in the follicular fluid (53). 
Aromatase knockout mice develop intra-abdominal obesity, decreased lean body mass, 
and hyperinsulinemia (54), and women with aromatase gene mutations also exhibit 
polycystic ovaries and hirsutism (55). 

Thus, the role of aromatase in the pathogenesis of PCOS remains controversial. The 
issue is complicated by the possibility that aromatase activity may be increased periph- 
erally (in the adipose tissue) while decreased in ovarian tissue. 

LEPTIN 

Leptin is a hormone synthesized in adipocytes, whose synthesis is regulated by many 
factors, including nutritional status, as well as multiple hormonal influences (56). 

Studies investigating circulating leptin concentrations in women with PCOS show 
no difference compared to levels in healthy women of similar adiposity (57-60). Serum 
leptin levels also do not appear to correlate with androgen levels (57,58). Studies com- 
paring leptin and insulin levels, as well as leptin and LH levels, in women with PCOS 
produced conflicting results (58-61). 
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CORTISOL 

Plasma cortisol concentrations in obese subjects are often lower than in lean individ- 
uals (62,63). However, there are no consistent differences between obese and nonobese 
subjects in cortisol response either to ACTH stimulation (64) or to hypoglycemia (65). 
The number and affinity of glucocorticoid receptors on mononuclear leukocytes in 
women with PCOS, obese or nonobese, do not differ from those in control women (66). 

Some investigators have proposed that cortisol metabolism may be affected in patients 
with PCOS because of abnormal activity of 11 ~-hydroxysteroid dehydrogenase (11 [3- 
HSD). 11[3-HSD exists in two isoforms: Type 1 is expressed in liver, gonads, and adi- 
pose tissue and in vivo acts as a reductase, generating active cortisol from inactive 
cortisone. Type 2 is responsible for the reverse reaction (cortisol to cortisone) and is pre- 
dominantly present in mineralocorticoid target tissues, such as the placenta and kidney. 

In an intriguing study by Masuzaki et al. (67), transgenic mice overexpressing type 
1 11 [3-HSD in adipocytes developed visceral obesity, insulin-resistant diabetes, and 
hyperlipidemia. The transgenic mice also had increased concentrations of corticos- 
terone in adipose tissue, but not in serum, suggesting increased local conversion of cor- 
tisol into corticosterone (67). Type 1 1 I[~-HSD activity has also been found to be 
elevated in adipose tissue of obese humans (68) and may be the link explaining the 
phenotypic similarities between Cushing's syndrome and central obesity, in spite of 
normal circulating cortisol concentrations in obesity (69). 

OBESITY AND INSULIN RESISTANCE 

Women with PCOS exhibit central obesity, which is associated with a higher risk of 
diabetes, hypertension, hyperlipidemia, atherosclerosis, and insulin resistance (70) than 
peripheral obesity (71). In addition, increased upper-body fat correlates with signifi- 
cantly reduced clearance of insulin, which further contributes to hyperinsulinemia (72). 
Euglycemic clamp studies also indicate that basal hepatic glucose production and the 
ED50 value of insulin needed to suppress hepatic glucose production are significantly 
increased only in obese women with PCOS (73). 

Free fatty acids (FFAs) and tumor necrosis factor-cx (TNF-~) may play causative 
roles in the relationship between obesity and insulin resistance. FFAs are released from 
triglycerides in adipose tissue via lipolysis and are the key mediators of impaired insulin 
sensitivity. Increased FFA flux into the liver decreases hepatic insulin extraction and 
increases gluconeogenesis, resulting in hyperinsulinemia (74). High circulating FFA 
concentrations also lead to peripheral insulin resistance by reducing glucose uptake by 
skeletal muscle (75). Elevated circulating levels of FFA have been reported in women 
with PCOS (76), and increased catecholamine-induced lipolysis has been demonstrated 
in vitro in visceral adipocytes from women with PCOS (77). 

TNF-o~ is produced by adipose tissue and leads to insulin resistance by stimulating 
phosphorylation of serine residues of insulin receptor substrate-1 (IRS-1), thereby 
inhibiting tyrosine kinase activity of the insulin receptor (78). Serum TNF-~ concentra- 
tions have been shown to be high in hyperandrogenic women, including women with 
PCOS (79). 

Role of lnsulin Resistance and Hyperinsulinemia 
in Pathogenesis of PCOS 

Endogenous insulin has a half-life of 3-5 min, with a circulating concentration of 
approx 10 ~tU/mL in the fasting state and 50 gU/mL postprandially. In insulin-resistant 
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Fig. 2. Relationship among obesity, insulin, and androgens. Obesity, especially central obesity, is 
associated with insulin resistance and leads to compensatory hyperinsulinemia. High serum concen- 
trations of insulin, in turn, lead to hyperandrogenism. Hyperandrogenism can cause mild insulin 
resistance, but not of the same magnitude as seen in PCOS (open arrow). The contributions of obe- 
sity to hyperandrogenism, in addition to insulin resistance/hyperinsulinemia, may involve alterations 
in the activities of 1 ll3-HSD and aromatase. (See text for details.) 

conditions, such as PCOS or type 2 diabetes, circulating insulin concentrations can be 
as high as 35 ~tU/mL fasting and 180 pU/mL after a glucose load (80). In syndromes of 
extreme insulin resistance, circulating insulin levels can be increased more than 100- 
fold (81). 

Although androgens can induce mild insulin resistance, administration of androgen 
does not produce insulin resistance of the same magnitude as that seen in PCOS (82,83). 
Oophorectomy (84), GnRH agonists (85), or antiandrogens (86), which all eliminate 
hyperandrogenism in patients with PCOS, do not produce a significant change in insulin 
sensitivity. 

The cause of insulin resistance in PCOS is not known, but the defects appear to 
involve abnormal postreceptor insulin signaling and glucose transport and are distinct 
from defects seen in type 2 diabetes (87). Proposed mechanisms include (1) a reduced 
number of glucose transporter 4 (88); (2) excessive serine phosphorylation of the 
insulin receptor, or decreased tyrosine phosphorylation of unknown cause (35); and 
(3) excessive serine phosphorylation of IRS-1 that results in an inhibition of phos- 
phatidylinositol-3 kinase (89), a key enzyme in glucose transport. Increased basal 
insulin secretion (90) and decreased hepatic insulin clearance (91) in PCOS also con- 
tribute to hyperinsulinemia. 

There is significant evidence to support the hypothesis that hyperinsulinemia leads 
to hyperandrogenism (Fig. 2). Hyperandrogenism commonly develops in women with 
syndromes of extreme insulin resistance, in which severe insulin resistance is clearly 
the primary event, caused by insulin receptor mutations or insulin receptor antibodies 
(2,92). In addition, insulin can stimulate ovarian estrogen, androgen, and progesterone 
secretion in vitro (93). 

Insulin in high concentrations can mimic insulin-like growth factor-1 (IGF-1) actions 
by crossreacting with the type 1 IGF receptor and stimulating ovarian steroidogenesis via 
this pathway. Type 1 IGF receptors are present in the ovary (94), and IGF-1 is produced 
by human ovarian tissue. In addition, ovarian IGF-l-binding sites may be upregulated by 
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hyperinsulinemia (95). However, studies have shown that ovarian sensitivity to insulin 
may be preserved in insulin-resistant states (96,97) because of activation of nonclassic 
insulin receptor signaling pathways (98, 99). Involvement of alternate pathways of 
insulin action and the upregulation of type 1 IGF receptors by hyperinsulinemia may 
explain why the ovary remains sensitive to insulin even when classic target organs of 
insulin action (liver, fat, muscle) are insulin resistant (100,101). 

The activity of IGFs is modulated by low molecular weight binding proteins, called 
IGF-binding proteins (IGFBPs), which bind IGFs with high affinity. Synthesis of 
IGFBP-1 is inhibited by insulin (102), and its circulating levels correlate negatively 
with insulin levels in women with PCOS (103). Low intrafollicular levels of IGFBP-1 
owing to hyperinsulinemia may lead to increased intraovarian concentration of unbound 
IGFs and therefore contribute to stimulation of steroidogenesis. Increased ovarian 
androgen production may cause follicular atresia, resulting in the presence of multiple, 
small follicles, with no follicle reaching preovulatory dominance (104). 

In addition, production of IGF-1 by the liver is increased in PCOS owing to exces- 
sive growth hormone (GH) stimulation (81,105). This mechanism is particularly impor- 
tant in nonobese patients with PCOS, in whom increased GH amplitude has been 
reported (106). On the contrary, obese patients show reduced GH pulse amplitude and 
24-h mean circulating GH levels (107), and increased GH clearance, which further con- 
tributes to decreased GH/IGF system activity (108). Therefore, although both hyperin- 
sulinemia and an excessively activated IGF system contribute to the development of 
PCOS, the IGF system may play a larger role in the pathogenesis of PCOS in lean 
women, whereas hyperinsulinemia may be more important in the development of PCOS 
in obese patients (107). 

METABOLIC COMPLICATIONS 

Women with PCOS are at increased risk of developing type 2 diabetes, CVD, hyper- 
tension, and obstructive sleep apnea. Much of the increased risk of these conditions is 
probably owing to long-standing insulin resistance and obesity, although the sex steroid 
hormones may also play a role. 

Type 2 Diabetes Mellitus 
Women with PCOS have a seven-fold increased risk of developing type 2 diabetes 

(109), with age of onset 30 yr younger than the general population (89). Large case- 
control series have reported a prevalence of diabetes approx 10% in women with PCOS 
of reproductive age, with another 30-35% exhibiting impaired glucose tolerance (IGT) 
(110). In women with PCOS, type 2 diabetes initially manifests itself with postprandial 
hyperglycemia, while fasting glucose and hemoglobin Alc may be normal (111). In a 
study by Ehrmann et al. (110), only 9% of patients with PCOS had impaired fasting 
glucose (IFG), whereas 35% had IGT. The investigators also demonstrated that women 
with PCOS who have IGT convert to type 2 diabetes at an accelerated rate. Family his- 
tory and obesity were also contributing factors. 

Studies regarding pregnancy outcome in women with PCOS are small, with conflict- 
ing results. Haakova et al. (112) and Vollenhoven et al. (113) did not find significant 
differences in pregnancy complications, including gestational diabetes mellitus (GDM) 
and pregnancy-induced hypertension. However, Mikola et al. (114) found a 20% preva- 
lence of GDM in their PCOS study group vs 8.9% in unselected control women. Women 
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Table 3 
Components of Metabolic Syndrome 

Central obesity 
Increased waist circumference (>100 cm in men, >88 cm in women) a 
Increased waist to hip ratio (>0.90 in men, >0.85 in women) ° 

Hypertension 
BP > 130/85 mmHg a,b 
BP > 140/90 mmHg ° 

Elevated triglycerides > 150 mg/dL a-c 
Low HDL 

<40 mg/dL in men, < 50 mg/dL in women a,b 
<35 mg/dL in men, < 39 mg/dL in women b 

Impaired glucose homeostasis 
Fasting glucose > 110 mg/dL a 
IFG (110-125 mg/dL) b or IGT (140-200 mg/dL) b 
Frank diabetes, IFG, or IGT b 

aAdult Treatment Panel III definition: metabolic syndrome requires the pres- 
ence of three criteria (117). 

t'American Association of Clinical Endocrinologists definition: insulin resist- 
ance syndrome requires the presence of risk factor for CVD and two additional 
components (119). 

cWorld Health Organization definition: metabolic syndrome requires the pres- 
ence of IFG, IGT, or type 2 diabetes mellitus, plus two additional components (118). 

with PCOS had a higher BMI, which was found to be the strongest predictor for GDM 
(adjusted odds ratio [OR] = 5.1), and the presence of PCOS was a smaller predictor 
(OR = 1.9) (114). Finally, Radon et al. (115) and Bjercke et al. (116) found increased 
risks of GDM and preeclampsia in women with PCOS. 

Cardiovascular Disease 

Insulin resistance and obesity are associated with several risk factors for CVD. 
Insulin resistance syndrome, also known as metabolic syndrome, is a constellation of 
characteristics that are associated with insulin resistance and may predict CVD (Table 3). 
Patients with PCOS often have one or more of the components of metabolic syndrome 
and, therefore, are at risk of developing metabolic syndrome and its purported conse- 
quences. A recent study demonstrated that young women (<35 yr) with PCOS had 
increased left ventricular mass compared with weight-matched control women. This 
finding was also present in lean women with PCOS who had lipid profiles similar to 
those of weight-matched control subjects (120). 

Although PCOS may confer increased risk factors for CVD, at this time there is insuf- 
ficient evidence to indicate that women with PCOS have an earlier onset of atherosclero- 
sis, an increased mortality owing to CVD, or an increased number of cardiovascular events. 

Hypertension 

Several studies concluded that blood pressure (BP) is generally in the normal range 
in young women with PCOS (121,122). Many studies showing an increase in systolic 
blood pressure (SBP) in patients with PCOS were not adjusted for BMI (122). However, 
only one study showed an increase in 24-h mean SBP in women with PCOS that per- 
sisted after adjustment for BMI, insulin sensitivity, and body fat distribution (122). 
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Dyslipidemia 
Dyslipidemia may be the most common metabolic abnormality in PCOS. Elevated 

circulating levels of triglycerides, very low-density lipoprotein, and total cholesterol, 
accompanied by low levels of high-density lipoprotein (HDL), have been reported in 
PCOS (122). Studies comparing obese and nonobese patients with PCOS usually find 
more pronounced lipid abnormalities in the obese groups (122). Low HDL and high 
triglyceride levels are the most common findings (123). In one study, the prevalence of 
HDL <35 mg/dL was 78% in obese women with PCOS (124). Elevated apolipoprotein 
B and decreased apolipoprotein A1 concentrations are also commonly present. In 
nonobese women with PCOS, HDL and triglyceride levels may be normal (125); how- 
ever, markedly lower circulating HDL concentrations, especially the HDL2 subfrac- 
tion, have been observed in lean women with PCOS, when compared with 
weight-matched control women (122,123). 

Hyperlipidemia is thought to be owing to altered activity of lipoprotein lipase and 
hepatic lipase, combined with decreased cholesterol ester transfer protein activity. 
Elevated circulating levels of androgens, particularly testosterone, may contribute to 
dyslipidemia, by inhibiting lipoprotein lipase activity in abdominal fat cells (123). 
Indeed, elevated triglyceride and decreased HDL levels correlate with elevated testos- 
terone levels (125). However, suppression of testosterone using a GnRH agonist in 31 
hyperandrogenic women did not normalize their lipid profiles (123), suggesting that 
lipoprotein abnormalities are more closely related to insulin resistance than to hyperan- 
drogenism. 

Coagulation and Fibrinolytic Factors 
Higher plasma fibrinogen and plasminogen activator inhibitor-1 (PAI-1) concentra- 

tions have been associated with a higher risk of CVD (122). Atheromas from patients 
with type 2 diabetes contain markedly increased concentrations of PAI-1 compared 
with atheromas from nondiabetic, otherwise comparable individuals (123). In one study, 
patients with PCOS were found to have PAI-1 concentrations that were even higher 
than those typically seen in type 2 diabetes (123). However, not all studies confirm this 
finding (122). 

Elevated homocysteine levels have also been implicated as a significant risk factor 
for CVD, and increased levels of homocysteine have been positively associated with 
circulating insulin levels (126). Schachter et al. (127) found that insulin-resistant 
women with PCOS had significantly higher plasma homocysteine levels than non- 
insulin-resistant patients with PCOS, regardless of BMI. The effects of elevated PAl-1 
concentrations may be enhanced by elevated homocysteine levels and contribute to 
endothelial dysfunction and CVD. 

Sleep Apnea 
Recently, an association of PCOS with obstructive sleep apnea has been reported 

(128). Women with PCOS were 30 times more likely to suffer from sleep-disordered 
breathing than control women. Women with PCOS who required treatment for their 
sleep disorder had significantly higher fasting insulin levels than those with PCOS who 
did not require treatment. Even lean subjects with PCOS had a higher prevalence of 
sleep apnea than the weight-matched control subjects, and obese patients with PCOS 
did have a higher prevalence of sleep apnea than their nonobese counterparts. The 
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Table 4 
Effects of Various Treatment Modalities for PCOS 

Treatment Free testosterone SHBG Insulin sensitivity Menses 

Weight loss ,1416) "~ (16 ) "~ (16 ) Restoration (16) 
Oral contraceptive 

agents ,1,(135,136,139) "~(135,136,139) Restoration 

Antiandrogens $(132) "~(132) Restoration (132) 

Insulin sensitizers ,[,(140) ~(140) Restoration (140) 

No effect 
(139)/,1, (138) 

No effect 
(133)/'~(134) 

1"(8 studies)/ 
no effect 
(4 studies) (140) 

investigators concluded that insulin resistance is a stronger risk factor than BMI or 
testosterone concentration for sleep-disordered breathing in women with PCOS. 

T R E A T M E N T  

There are several treatment options for each of the manifestations of PCOS. The 
choice of treatment depends on the woman's goals, especially if pregnancy is desired. 
Many of the symptoms of PCOS can be reversed by losing weight and by reducing 
insulin resistance (Table 4). 

Weight Loss 
There is consistent evidence that weight loss improves clinical, hormonal, and men- 

strual parameters in obese patients with PCOS. These benefits appear to be related to 
the improvement in insulin sensitivity that occurs with weight loss. 

Several studies have demonstrated a beneficial impact of weight loss on hyperinsu- 
linemia in women with PCOS. Hypocaloric diets (<1500 kcal/d) resulted in rapid 
weight loss and significant reductions in insulin levels as measured by fasting insulin, 
fasting and glucose-challenged insulin, and euglycemic clamp (129,130). Huber- 
Buchholz et al. (131) showed that even a modest weight loss of 2-5% from lifestyle 
modification improves insulin sensitivity. Maintenance of weight loss, which remains a 
challenge, is an issue that was not addressed by these studies. 

The available evidence suggests that weight loss has a beneficial effect on sex steroid 
levels, with a reduction in testosterone (21-36%) and an increase in SHBG (18-26%) 
seen in most studies. Restoration of normal LH pulsatility has not been demonstrated, 
although some studies show a reduction in baseline LH levels. Restoration of menses 
and ovulation may also occur, with rates approaching 50% (129). 

Antiandrogens 
Antiandrogens, such as spironolactone and flutamide, compete with testosterone and 

dihydrotestosterone in binding to the androgen receptor. Antiandrogens improve symptoms 
of hyperandrogenism and may also ameliorate insulin resistance and dyslipidemia that are 
associated with PCOS. De Leo et al. (132) reported significant reductions in circulating lev- 
els of LH, androstenedione, and free and total testosterone; an increase in serum SHBG; 
and resumption of regular menses after 6 mo of flutamide treatment. Diamanti-Kandarakis 
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et al. (133) reported that treatment with flutamide (500 mg/d) for 12 wk resulted in a sig- 
nificant reduction (23%) in low-density lipoprotein (LDL)PrlDL ratio, as well as signifi- 
cant reductions in total cholesterol, LDL, and triglycerides. These effects on lipid profile 
were not associated with changes in weight, glucose tolerance, or insulin sensitivity (133). 
In a study of hyperandrogenic patients treated with any one of three agents (spironolac- 
tone, flutamide, or buserelin), Moghetti et al. (134) found an improvement in insulin sen- 
sitivity, with lean patients responding better than obese patients. 

Oral Contraceptive Agents 
Oral contraceptive agents have been used extensively in the treatment of PCOS. 

They are effective in improving the androgen profile of patients with PCOS and also 
prevent endometrial hyperplasia by inducing regular menses. Studies investigating 
treatment with ethinyl estradiol plus cyproterone acetate or desogestrel consistently 
show an improvement in hirsutism, a reduction in free testosterone levels, and an 
increase in SHBG as well as HDL and triglycerides (135,136). A regimen of ethinyl 
estradiol plus drospirenone, which is structurally similar to spironolactone, also has 
been shown to be effective in improving clinical and hormonal features of PCOS (137). 
The changes in lipoprotein associated with oral contraceptive use are attributed to the 
estrogen component of treatment, and changes in LDL have not been consistent. 

Although oral contraceptives are believed to reduce insulin sensitivity slightly (138), 
studies examining the effect of oral contraceptives on insulin sensitivity report conflicting 
results, from no effect (137,139) to unfavorable effects (138). 

Insulin Sensitizers 
METFORMIN 

Metformin, which belongs to the biguanide class of oral antihyperglycemic agents, 
has been shown to improve the metabolic, hormonal, and menstrual parameters in obese 
women with PCOS. 

Multiple studies confirm metformin's effect on improving insulin sensitivity: reduc- 
tions in area under the insulin curve during oral glucose tolerance test (OGTT) have 
been reported after metformin treatment (1500-1700 mg/d). However, not all studies 
show consistent improvement in insulin sensitivity with metformin therapy (140). This 
discrepancy may be owing to variability in the doses of metformin used, as well as the 
variable effect of metformin on BMI. 

Metformin has been shown to improve menstrual parameters in PCOS. Treatment 
with metformin for 3-6 mo in women with PCOS and irregular menses resulted in nor- 
malization of menses in 25-50% (140). Based on a study in adolescents with PCOS, 
Ibanez et al. (141) reported that 4-6 mo of treatment with metformin is required before 
ovulatory menses occur. 

Adrenal steroidogenesis can also be affected by metformin, suggesting that hyperin- 
sulinemia may contribute to the increased adrenal androgen production in PCOS. Mean 
basal and peak (after ACTH or leuprolide stimulation) serum concentrations of 17- 
hydroxyprogesterone decreased by 38-51% after treatment with metformin. Velazquez 
et al. reported metformin-induced reductions of free testosterone by 52%, total testos- 
terone by 44%, DHEA-S by 21%, and LH by 35%. Concurrently, circulating SHBG 
concentration increased by 33% and FSH by 95% (140). 

The use of metformin in combination with one or more of the treatments discussed in 
the previous sections is becoming increasingly common in the treatment of PCOS. 
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Although oral contraceptives and antiandrogens are effective in improving hirsutism, 
their metabolic effects are less established. Studies with metformin in combination with 
oral contraceptive agents and flutamide show synergistic effects on the reduction of serum 
testosterone and an increase in SHBG, along with a sustained beneficial effect on insulin 
sensitivity (143,144). Metformin in combination with a hypocaloric diet resulted in more 
pronounced reductions in weight and BMI, as well as reductions in the concentrations of 
total testosterone, and fasting and glucose-stimulated insulin (145). Gambineri et al. (143) 
also showed a synergistic effect of hypocaloric diet with combined metformin and flu- 
tamide therapy on reducing serum testosterone and increasing serum HDL. 

In summary, treatment with metformin in most studies was associated with an 
improvement in insulin sensitivity. Improved insulin sensitivity, in turn, was associated 
with a reduction in circulating androgen levels and improvement in menstrual symp- 
toms and ovulatory function. Metformin used in conjunction with weight loss appears 
to produce a more consistent effect on insulin sensitivity and androgen profile than 
metformin without weight loss. 

THIAZOLIDINEDIONES 

The thiazolidinediones (TZDs) are a group of insulin-sensitizing medications com- 
monly used in the treatment of type 2 diabetes mellitus. Initial studies of the effects of 
TZDs in PCOS showed that troglitazone improved insulin sensitivity, reduced free 
testosterone and LH concentrations, and increased circulating SHBG levels (140). 

Preliminary findings of a randomized, double-blind, controlled study using rosiglita- 
zone and metformin in lean patients with PCOS showed a greater increase in ovulation 
with mefformin alone vs rosiglitazone alone, with no greater benefit with combination 
therapy. Serum free testosterone decreased in both groups (146). Rosiglitazone (4 rag/d) 
for 3 mo was shown to improve insulin resistance parameters, reduce IGF-1 and LH 
concentrations, and normalize menses, although serum SHBG, androgens, and BMI 
remained unchanged (147). Rosiglitazone (2 mg/d and 4 mg/d) for 8 mo in nonobese, 
insulin-resistant women with PCOS resulted in improved insulin sensitivity, decreased 
LH and free testosterone concentrations, and increased estradiol concentration. 
Response appeared to be dose-dependent, as the 4 mg group achieved greater improve- 
ments than the 2 mg group and a higher rate of ovulation (85 vs 70%) by 8 mo (148). 

Pioglitazone added to mefformin in obese women with PCOS who were not opti- 
mally responsive to metformin resulted in a further decline in circulating concentra- 
tions of insulin and DHEA-S, improved menses, and a rise in circulating HDL (149). 
Pioglitazone (30 rag/d) for 3 mo resulted in an improvement in insulin sensitivity, a rise 
in serum SHBG, and a decline in LH (150). Pioglitazone (45 rag/d) appeared to be 
more effective in hyperinsulinemic women than normoinsulinemic women with PCOS 
(defined by OGTT), resulting in higher rates of menses restoration; reduction in LH; 
and significant improvements in insulin secretion, sensitivity, and clearance after 6 mo 
of treatment (151). Although it is thought that the improvement in ovarian androgen 
secretion is owing to a reduction of circulating insulin concentrations by TZDs, direct 
effect of TZD on the ovarian steroidogenesis may also contribute. Human ovarian cells 
cultured in pioglitazone or rosiglitazone showed enhanced progesterone production and 
less testosterone and estradiol production. Both TZDs also abolished insulin-induced 
stimulation of testosterone and estradiol, and stimulated insulin-independent IGFBP-1 
production (152). 

In summary, it appears that TZDs have beneficial effects in obese women with 
PCOS. Because troglitazone has been removed from the market because of liver toxicity, 
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definitive studies with other TZDs need to be completed. Differences in results among 
studies are probably owing to variation in treatment dose and duration. 

D-CHIRO-INOSITOL 

Inositolphosphoglycans are involved in mediating insulin action (144). It has been pro- 
posed that a deficiency in D-chiro-inositolphosphoglycan mediators may contribute to 
insulin resistance in PCOS and that repletion of D-chiro-inositol stores would lead to 
improved insulin sensitivity. Obese women with PCOS who were given 1200 mg of 
D-chiro-inositol daily for 6-8 wk demonstrated a significant reduction in the mean area 
under the insulin curve after oral glucose load, a decline in free testosterone and DHEA-S, 
a reduction in circulating lriglyceride levels, and an increase in circulating SHBG concen- 
trations. The placebo group demonstrated none of these changes. In addition, 86% of the 
women treated with D-chiro-inositol ovulated vs only 27% in the placebo group (145). 
Recently, women with PCOS who were treated with metformin for 8 wk were shown to 
have increased insulin-mediated secretion of D-chiro-inositol-containing inositolphospho- 
glycans (153). These observations offer one potential mechanism of metfomin-induced 
increase in insulin sensitivity and support the hypothesis that some individuals with insulin 
resistance may be deficient in D-chiro-inositolphosphoglycan mediators. 

CONCLUSIONS 

PCOS is a common disorder that in all likelihood, is etiologically diverse. Obesity is 
present in approx 50% of patients with PCOS. The differences in clinical manifesta- 
tions between obese and nonobese patients with PCOS are mostly quantitative in nature 
(Table 2). Obesity contributes to the manifestations of PCOS by increasing the magni- 
tude of hyperandrogenism and the rates of anovulatory cycles and infertility. 

The pathophysiological mechanisms by which obesity makes these contributions to 
the clinical picture of PCOS appear to be related to hyperinsulinemia, which is caused 
by insulin resistance. Although insulin resistance is present in both obese and nonobese 
patients with PCOS, the magnitude of both insulin resistance and hyperinsulinemia is 
greater in obese women with PCOS. Hyperinsulinemia impacts ovarian function and 
morphology not only by stimulating ovarian androgen production directly and in syner- 
gism with gonadotropins, but also by activating the ovarian IGF system (specifically, 
by inducing expression of ovarian type 1 IGF receptors and by inhibiting IGFBP-1 pro- 
duction in both liver and ovary), by inhibiting SHBG production in the liver, and by 
contributing to ovarian growth and the formation of cysts. Therapeutic modalities 
directed at the reduction of hyperinsulinemia ameliorate symptoms of PCOS and restore 
normal ovarian function in obese women with PCOS. 
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I N T R O D U C T I O N  

Obesity and type 2 diabetes mellitus used to be very rare in children and adoles- 
cents, but since the mid-1990s, an ever-increasing prevalence of obesity and dia- 
betes in children has been observed. More important, both the prevalence and the 
degree of obesity in children and adolescents are significantly increasing in many 
populations around the world. For example, a dramatic increase in type 2 diabetes 
has been reported from investigators in Cincinnati, OH (1). In Germany, more than 
5000 youths meet the diagnostic criteria for type 2 diabetes (2). The prevalence of 
type 2 diabetes mellitus is also very high in Australasia, depending on ethnicity and 
the degree of obesity. Currently, almost every fifth child is considered to be obese, 
and 25% of obese children present with impaired glucose tolerance (IGT). 
Childhood obesity is associated with substantial comorbidities and late sequelae, 
such as cardiovascular, orthopedic, and psychosocial problems, irrespective of 
whether obesity persists into adulthood. Thus, type 2 diabetes mellitus and obesity 
are currently regarded as two of the most challenging health issues facing young 
people (3-7). 
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OBESITY IN C H I L D H O O D  AND ADOLESCENCE 

Definition 
Several factors influence the degree of body fat mass, such as ethnic background, 

gender, developmental stage, and age. The standard parameter to define obesity clini- 
cally is the body mass index ([BMI], weight in kilograms divided by the square of 
height in meters, or kg/m2), which is easy to calculate and correlates significantly with 
direct measures of body fatness. 

Overweight is defined as a BMI greater than the 90th but less than the 97th percentile 
corrected for age and gender. A child with a BMI above the 97th percentile corrected 
for age and gender is considered to be obese and should be referred to a pediatric 
endocrinologist for further diagnosis and treatment (8-12). 

In addition, waist circumference, waist-to-hip ratio (to assess upper-body fat deposi- 
tion), and skin fold thickness are also valuable measures to define obesity but are less 
extensively used in children and adolescents (9-13). Direct measurements of body fat 
content include dual-energy X-ray absorptiomety, hydrodensitometry, and bioimped- 
ance, but these useful research tools are validated mainly for adult medicine and are 
currently used for scientific reasons (13). 

Epidemiology 
Childhood obesity has reached epidemic proportions in all industrialised countries. 

The prevalence is as high as 20-30% (8). A cross-sectional study performed in Leipzig, 
Germany involving more than 2500 children and adolescents between 7 and 18 yr of age 
revealed that 29% of the subjects were overweight (BMI between the 90th and 97th per- 
centiles) and 16% were obese (BMI above the 97th centile). In another population-based 
study performed in the same geographic area, an incidence of obesity in children and 
adolescents of approx 12% was found (9,10). Interestingly, not only the prevalence but 
also the degree of obesity is increasing in children over time ([9,10]; unpublished data). 

Genetic and Environmental Factors 

Both genetic/endogenous and environmental/exogenous factors act in concert toward 
the development of increasing body fatness early in life (Table 1). Thus, a multifactor- 
ial etiopathogenesis seems to be responsible for the development of obesity in most 
patients. However, genetic studies including twin studies suggest that at least 50% of 
the tendency toward obesity is inherited (11,12). In addition, responsiveness to dietary 
intervention seems to be genetically determined (14-17). 

Several monogenic causes of obesity have been recently identified. Genetic alter- 
ations of several genes, including the obgene (leptin) (18-22), the leptin-receptor (23), 
as well as the melanocortin-4 receptor (MC4-R) (24-27), have been shown to be asso- 
ciated with severe obesity that develops in childhood. The clinical characteristics of 
these syndromes, the most prevalent of which is currently owing to MC4-R mutations, 
accounting for up to 4-7% of severe obesity, are reported elsewhere (27). 

A sedentary lifestyle, which includes lack of physical activity and excessive use of 
modem media, in particular, television viewing; and an overconsumption of carbohydrate- 
rich drinks and fat-rich diets are the most important risk factors for the development of 
obesity in childhood and adolescence (28-30). Nutrition and diet early in infancy is 
also thought to influence growth rate and body fatness beyond infancy. In summary, a 
model in which susceptibility to obesity is determined by genetic factors but the 
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Table 1 
Factors Contributing to Development of Obesity 

and Metabolic Syndrome 

1. Environmental~exogenous factors 
• Increase in sedentary activities (e.g., television viewing) 
• Decrease in physical activity 
• Shift in diets rich in fast/prepackaged foods with high fat/ 

calorie content 
• Loneliness and social isolation 
• Psychosocial/family problems 

2. Genetic~endogenous factors 
Polymorphisms and/or mutations in any of the following genes: 

• Adrenergic receptors 
• Leptin 
• Leptin receptors (Ob-R) 
• MC4-R andMC3-R 
• Proopiomelanocortin 
• Melanocyte-concentrating hormone 
• Neuropeptide Y (NPY) 
• Prohormone convertase 1 
• SOCS-3 (possible) 
• Tumor necrosis factor-c~ (possible) 
• NPY receptors (possible) 
• Corticotropin-releasing hormone (possible) 
• Thyrotropin-releasing hormone (possible) 
• Urocortin (possible) 
• Orexin A and B (possible) 
• Serotonin (possible) 
• Galanin (possible) 

3. Genes x environment interactions 

environment determines individual phenotypic expression is currently widely sup- 
ported and accepted (12-14). 

TYPE 2 DIABETES M E L L I T U S  IN C H I L D H O O D  A N D  A D O L E S C E N C E  

Definition and Pathogenesis 
The World Health Organization and the American Diabetes Association have defined 

the diagnostic criteria for IGT and type 2 diabetes mellitus (31). The use of simple 
algorithms helps to establish the clinical evaluation of the obese child (Fig. 1) (31). 

Caucasian teenagers from the United Kingdom (32-34), Japanese youths (35), and 
Indian adolescents (36) were the first children to be diagnosed with juvenile type 2 dia- 
betes mellitus. Most of these individuals had a BMI above the 97th percentile at the 
time of  diagnosis (32-36). Currently, type 2 diabetes mellitus has been reported in 
obese children of virtually any ethnic background. 

It is now well established that adipose tissue plays a role of major significance in the 
pathogenesis of type 2 diabetes. Adipocytes, more numerous and larger in obesity, synthe- 
size and secrete an ever-expanding list of factors and signaling proteins (Tables 2 and 3). 
These factors are known to alter insulin secretion and insulin sensitivity and even cause 
insulin resistance under experimental and clinical conditions. 
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Obesity 
BMI > 97th Percentile 

No comorbidity/ 
>/= 10 years of age | 

/ 

Obesity 
BMI > 97th Percentile 

Acanthosis nigricans 

Polycystic ovary 
syndrome 

> < 

> < 

First-degree 
family history of 
type 2 diabetes 
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high-risk groups 

FPG or OGTT 

+ 
Diagnosis of 

impaired glucose tolerance or diabetes 

J 
If not typical: measure 

/CA, IA-2, IA-2B, GAD and/or 
screen for MOD Y mutations 

Diagnosis of 
Type I or Type 2 or MODY Type 

Diabetes mellitus 

Mult idiscipl inary treatment 
mefformin or insulin, as needed 

Fig. 1. Proposed algorithm to diagnose IGT and type 2 diabetes in obese children and adolescents 
FPG, fasting plasma glucose; ICA, islet cell antibodies; IA, islet antibodies; MODY, maturity onset 
diabetes of the young. 

Epidemiology 
The incidence of type 2 diabetes mellitus has increased significantly irrespective of 

ethnicity (32). Children as young as 8 yr are now being diagnosed with the disease 
(8,32,37-40). 

The prevalence of overweight in childhood and adolescence is increasing at a tremen- 
dous pace. About 22 million children younger than age 5 are affected worldwide (5,40). 
The prevalence of overweight among children ages 4-12 yr increased by 1998 to 21.8% 
in Hispanics, 21.5% in African Americans, and 12.3% in non-Hispanic whites (41). 
Thus overweight prevalence has increased by more than 50% in the last 10 yr (41). 
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Co-morbidities of obesity in childhood and adolescence 

I Cardiovascular and respiratory 
Accelerated atherosclerosis / 

Hypertension / 

Pickwickier syndrome / 

Sleep apnea / 

:SL,un0ca0 

Psychosocial- psychiatric ] 
m 

Poor self image 

Social isolation 

Autoaggression 

Suicide 

Drug and alcohol addiction 

Bulimia 

Binge eating 

\ 
E ~ .  bo.lic/gynecologica' 1 

Orthopedic I 
Slipped capital femoral epiphyses 

Coxa vara 

Blounrs disease 

Legg-Calve-Perthes disease 

Back pain 

Fig. 2. Comorbidities of obesity in childhood and adolescence. 

IGT was also found in lean and obese adolescents with polycystic ovary syndrome 
(PCOS) (42,43). 

Genetic and Environmental Factors 
Family histories, ethnicity, and the concordance in monozygotic twins suggest that a 

genetic component plays a significant role in the development of type 2 diabetes. 
However, the striking increase in the number of individuals being affected over a short 
period of time points to exogenous factors and/or a combination of both genetic and 
environmental/exogenous factors acting in concert in the pathogenesis of type 2 diabetes 
(3-8,35-37). In children with type 2 diabetes, pancreatic ~- and t~-cell dysfunction has 
been described, and insulin insensitivity seems to be an early predictor of the onset of 
the disease (38). 

Candidate genes that may be involved in the pathogenesis of type 2 diabetes mellitus 
are provided in Table 1. The genetics of diabetes is also covered in detail in Chapter 3. 
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Table 2 
Factors Secreted from Adipose Tissue That May Play Important Role 

in Energy Homeostasis and Insulin Resistance 

Metabolites Signaling proteins Molecules acting locally 
within adipose tissue 

Fatty acids 
Glycerol 
Acetate 

Leptin 
Adipsin 
Acylation-stimulating proteins 
Plasminogen activator inhibitor-1 
Interleukin-6, -8 
Tumor necrosis factor-~ 
Adiponectin 
Renin-angiotensinogen-angiotensin 
Resistin 
Prostaglandin(s) 

Cortisol (1113 hydroxysteroid 
dehydrogenase activity) 

Table 3 
Candidate Genes Putatively Implicated in Regulation of Glucose Homeostasis 

and Pathogenesis of Type 2 Diabetes a 

Insulin signaling cascade Tissue specific Factors released 
(insulin-sensitive)factors from fat tissue 

Insulin receptor Glucose transporters See Table 2 
Insulin receptor substrates (e.g., GLUT4) 
(IRS-1 to IRS-4) Glycogen synthase 

Enzymes (e.g., PI3kinase, Enzymes (e.g., PEPCK) 
tyrosine kinases, Potassium channel 
phosphatases, serine k inases)  Sulfonylurea receptors 

Transcription factors 

aA complete discussion of these molecules can be found in specific reviews (75-77). 

Genetic factors, such as several rare mutations, explain directly <5% of all cases of 
type 2 diabetes at present, and those factors are not yet as well defined as the role of 
human leukocyte antigen genes in the pathogenesis of type 1 diabetes. 

Basal and postchallenge insulin levels are significantly higher in African 
American, Mexican American, and Pima Indian children compared with Caucasian 
children, suggesting that ethnic factors might play a role of major significance. 
These ethnic differences are independent of adiposity per  se, which, by itself, is 
associated with greater insulin levels in all ethnic groups examined. African 
American children are more prone to develop type 2 diabetes given the same degree 
of adiposity, and Mexican American children may be more likely to develop syn- 
drome X, owing to greater obesity-related hyperinsulinemia and dyslipidemia 
(39,40). 

Changes in lifestyle, such as in specific eating patterns and the level of physical 
activity, might contribute to both the global epidemic of obesity and the increasing inci- 
dence of type 2 diabetes in the pediatric population (Table 1). Major components influ- 
encing this development are the number of meals eaten, availability of food, portion 
sizes, snacking and meal skipping as well as hours spent watching television (41). 
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SCREENING FOR AND CLINICAL FEATURES OF OBESITY 
AND TYPE 2 DIABETES MELLITUS 

Clinical Presentations of Obesity and Type 2 Diabetes MeUitus 
and Their Comorbidities in Childhood and Adolescence (see Fig. 2) 

The most important clinical features associated with juvenile obesity are hypertension, 
dyslipidemia, and psychosocial problems (9-11,44), predisposing for additional comor- 
bidities such as cardiovascular disease in early adulthood (45). In addition, alcohol and 
illicit drug use seem to be associated with an earlier onset of type 2 diabetes mellitus (46). 

It is crucial that blood pressure (BP) and lipid status monitoring be available to all 
obese children and, even more important, to children and adolescents with diabetes mel- 
litus (38,39,45). Ambulatory BP monitoring is a helpful tool to investigate children and 
adolescents at an early stage of the disorder (45). In addition, orthopedic surgeons and 
pediatric psychiatrists should be involved as needed in the treatment of these patients. 

Screening Procedures 
In children with newly diagnosed type 2 diabetes mellitus, the disease counts for 5--45% 

of the cases of diabetes in different populations (47). It is advisable that obese children with 
a family history of type 2 diabetes be screened for the disease at a young age. Special care 
should be provided to obese African American, Native American, and Hispanic children. 

Autoanfibodies to IA-2 and GAD might be detected in children with type 2 diabetes 
mellitus, but also in patients with type 1 diabetes (48). Thus, although these antibodies 
are not specific for a special subtype of diabetes mellitus, screening involving measure- 
ment of autoantibodies might be advisable to define or rule out autoimmunity. 

THERAPEUTIC APPROACH TOWARD OBESITY AND TYPE 2 
DIABETES MELLITUS AND GOALS OF THERAPY: 

MULTIDISCIPLINARY TREATMENT OPTIONS 

Because of the increasing prevalence of juvenile obesity as well as type 2 diabetes 
mellitus, it is imperative that effective treatment be developed and become widely avail- 
able. Therapeutic strategies should be multidisciplinary and include psychological and 
family therapy interventions (49), lifestyle/behavior modification (50), exercise pro- 
grams (51), and nutrition education (52,53). Optimal results are being achieved by 
comprehensive treatment protocols combining programs to reduce sedentary behaviors 
and include structured exercise as well as physical training (54,55). 

Multidisciplinary treatment approaches are considered to be the most effective. The 
creaton of networks of primary care physicians, public health/medical schools, and 
medical institutions, specialists of pediatric and adolescent medicine, social workers, 
child psychologists, and dieticians, as well as sports educators should be achieved. 
Such networking concepts should be strongly supported by health insurance providers 
and government agencies. Using such approaches, some groups have reported high 
success rates and sufficient long-term weight reduction in relatively small groups of 
studied children (49-57). 

Requirements Prior to Therapy 
Empowerment and responsibility of the whole family toward achieving a solution of 

the problem i.e., the increasing prevalence of obesity and type 2 diabetes amongst our 
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youngsters, are crucial for the successful management of body weight on a long-term basis. 
Prior to initiation of therapy, young patients and their families should obtain detailed infor- 
mation about the disease, its comorbidities, and available options for therapy. To evaluate 
the individual health risk and to plan for the optimal therapy, the patient should be exam- 
ined carefully, and a detailed history should be obtained by a pediatric endocrinologist. 

The history should focus on the following information: 

• Family history (obesity, diabetes mellitus, hypertension, coronary artery disease). 
• Weight and height curve. 
• Level of physical activity. 
• Diet. 
• Social and occupational background. 

The physical examination should include the following: 

• Body weight, height, hip and waist circumference. 
• BP (24-h profile if needed). 
• Physical examination. 
• Fasting blood glucose concentration, oral glucose tolerance test (OGTT). 
• Total, high-density lipoprotein, and low-density lipoprotein cholesterol, triglycerides. 
• Uric acid. 
• Creatinine, electrolytes. 
• Thyroid-stimulating hormone, thyroxine. 
• Electrocardiogram. 
• Sleep apnea screening. 
• Abdominal ultrasound. 
• Leptin, adiponectin, ghrelin, or other adipokines (only for scientific reasons in the con- 

text of ongoing studies). 

Additional parameters might be necessary as needed, e.g., 24-h urine collection for 
free cortisol or a dexamethasone-suppression test if Cushing disease is suspected, or 
serum concentrations of gonadotropins if PCOS is suspected. 

Whenever a specific syndrome, such as Prader-Willi syndrome, or a monogenetic 
form of obesity (i.e., mutations of MC4-R, leptin, leptin receptor) is suspected, molec- 
ular genetic screening should be considered. 

Lifestyle and Behavior Modification 
Obesity is an increasing problem in industrialized countries and is attributable, to an 

immense proportion, not only to individual lifestyle changes and habits, but also to 
general features in these countries. The level of physical activity has changed dramati- 
cally. Favorite leisure-time activities (not only of youngsters) now include playing 
video and computer games as well as watching television, rather than engaging in phys- 
ical exercise or outdoor activities (56). 

Nutrition is another important feature related to changes in lifestyle and the rise in the 
prevalence of obesity. "Junk food" is more easily available and affordable than a healthy 
diet to a growing number of individuals, depending on the time of year and country. 

Thus, it is advisable that governments promote individual health and nutrition educa- 
tion as well as a healthy lifestyle of the entire community, including appropriate eating 
patterns and regular physical exercise, in order to stop the current epidemic of obesity in 
industrialized countries (56,57). Treatment of obesity as well as a cognitive awareness of 
a healthy lifestyle should start early in childhood, because certain lifestyle changes and 
patterns are more easily incorporated into adulthood if learned early in life (58). 
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Psychological, Group, and Family Therapy Interventions 
To create an awareness of lifestyle changes, different strategies of psychotherapy 

have been used. The most important and most useful therapeutic approach has been 
reported to be family or cognitive behavioral therapy (59). 

Depending on the age of the obese child or adolescent and the social and/or family 
background, the most appropriate type of psychotherapy should be chosen. For 
preschoolers, group teaching seems to be a promising approach, because they normally 
accept groups formed from the outside. However, in older children, individual forms of 
therapy might be advisable, because they prefer to create their own groups. In general 
terms, family therapy is a helpful tool in early childhood but also with teenagers and 
adults, because the family of origin should always be involved in the treatment regi- 
men. It is therefore advisable that treatment regimens should be adhered to by as many 
members of the family as possible. 

In addition, not only changing eating as well as activity patterns within the family 
network is crucial for a successful and lasting therapy of obesity, but also the emotional 
and psychological support of family members. Family arrangements to meet the obese 
child's diet and exercise programs should be accompanied by encouragement, sensitive 
support, and appreciation by family members (58,59). 

Exercise and Physical Activity 
Aerobic exercise has been reported to be the most suitable form of exercise for 

obese children and adolescents, and regular exercise aims at reducing body weight and 
comorbidiy and at correcting posture. Aerobic exercise not only increases cardiorespi- 
ratory capacity, but also utilizes fat metabolites during muscle work, which is facili- 
tated by increased enzymatic activity of skeletal muscles (60-62). In addition, an 
individual adapted to a higher level of dynamic, aerobic motor activity during growth 
may develop greater activity of specific enzymes, which metabolize and utilize fatty 
acids (60). 

Lean and obese subjects have different characteristic profiles in their enzymatic 
activity. In obese or obesity-prone subjects, the activity of fat-oxidizing enzymes in 
skeletal muscles is decreased. Moreover, smaller areas of type 1 and 2B muscle fibers 
are present in postobese vs nonobese individuals (61). A key enzyme in the [3-oxidation 
of fatty acids is known to be hydroxyacyl-coenzyme-A. This enzyme has been found to 
be significantly negatively correlated to the degree of adiposity (62). 

Because a reduction in body fat is best achieved by dynamic, aerobic exercise, exercise 
programs should be started with swimming, whenever possible. When some weight 
reduction and adaptation to increased physical activity have been achieved, exercise 
from lying down or sitting positions and the use of cycle ergometers are useful 
approaches as well (62). 

The degree of obesity and the social background show a significant variability. It is 
thus essential to consider the special features and needs of the particular obese child or 
adolescent prior to initiating an exercise program. 

Nutritional Intervention 
In the context of a multifactorial treatment approach for obesity, dietary inter- 

vention is a factor of considerable significance. Prior to initiating a nutritional 
intervention, a child's nutritional status should be evaluated, and several factors 
such as the age of the obese patient, comorbidities, and degree of obesity should be 
considered. 
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In general, overweight and moderate obesity in children and adolescents (BMI between 
the 90th and 97th percentiles) can be treated with a balanced low-calorie diet, in which 
energy intake is reduced by about 30%. The diet should provide approx 20% of energy 
from protein, 30-35% from fat, and 45-50% from carbohydrates, respectively (63). 

When obesity is severe (i.e., the BMI is far above the 97th percentile) and comor- 
bidities are already present, a very low-calorie diet (_<800 kcal/d) should be considered 
rather than a balanced low-calorie diet (63,64). In a very low-calorie diet, the calories 
provided per day should be partially balanced (i.e., 25% of energy derived from pro- 
tein, 30% from fat, and 45% from carbohydrates). The protein-sparing modified fast or 
unbalanced very low-calorie diet is supposed to spare lean body mass while producing 
rapid weight loss (i.e., 66% of energy derived from protein, 24% from fat, 10% from 
carbohydrates). Children and adolescents with severe obesity are most widely treated 
with a protein-sparing modified fast (63,64). 

All forms of low-calorie diets should be used very carefully in this age group of 
obese patients and only under strict medical supervision, because the weight loss can 
be rapid and remarkable. Thus, regular medical checkups are imperative when pre- 
scribing any form of diet to an obese child or adolescent. 

Pharmacotherapy 
In general, three main modes of action of antiobesity drugs can be distinguished: 

1. Agents that influence energy intake via central or peripheral mechanisms: These sub- 
stances either modify eating behavior or suppress appetite by acting on central neurons 
known to be involved in the regulation of energy homeostasis or to alter gastric empty- 
ing, causing malabsorption. 

2. Substances that influence energy storage, by either decreasing lipid storage or increas- 
ing lipid oxidation in the fat tissue. 

3. Drugs that regulate energy output, by acting via either central (i.e., on hypothalamic 
neuron populations known to be involved in energy homeostasis) or peripheral (skele- 
tal muscle, brown and white adipose tissue) mechanisms to increase, among others, 
nonshivering thermogenesis (65~57). 

Antiobesity drugs, including appetite suppressants and thermogenic drugs (i.e., epi- 
nephrine, caffeine, or l]-adrenergic agonists), have not been approved for use in children 
and adolescents. Only very limited data from a few clinical trials are available about the 
use of digestive inhibitors such as lipase inhibitors and fat substitutes in children and 
adolescents. The only medication that has been extensively investigated as a therapeutic 
approach for both type 2 diabetes and obesity in children and adolescents is 
metformin (68,69). 

At present, success rates and efficacy of the available treatment strategies for obesity 
in the pediatric population are very limited. Long-term treatment including pharma- 
cotherapy might therefore be an important treatment option in extremely obese adoles- 
cents. However, antiobesity medications have not yet been studied with respect to 
efficacy, safety, and long-term effects in children and adolescents and are therefore not 
advisable for use in those patients at present (9,10,56,65-67). 

IMPACT AND F U T U R E  D I R E C T I O N S  

Obesity is the most common chronic disorder in the Western world (11-14). The 
financial and societal consequences of the emerging epidemic of obesity and type 2 
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diabetes are substantial and demand a prompt public health response. Approximately 
60-85% of obese preschoolers will remain obese during adulthood, and comorbidities 
represent a major health burden in industrialized societies (12,14). 

The optimum BMI range associated with best longevity has been reported to be 
23-25 kg/m 2 for Caucasians and 23-30 kg/m 2 for African Americans (70). In the United 
States, the annual economic costs owing to medical expenses and lost income from 
obesity in adults amount to approx $70 billion. It is estimated that another $30 billion 
is spent on diet foods, products, and programs to lose weight (70-72). 

Thus, emphasis must be placed on preventive strategies. Prevention has to start very 
early in life and perhaps even before extrauterine life (73, 74). Good nutrition and modest 
exercise for pregnant women as well as monitoring of intrauterine growth of the child are 
mandatory, and breast feeding should be recommended (74). Principles of good nutrition 
and physical activities should be taught at all ages. Parents and caretakers should ensure 
that children have easy access to healthy foods and should serve meals and snacks in a 
pleasant and positive environment to help children develop healthy food habits (73). 

All children and adolescents above the age of 10 with a BMI greater than the 97th 
percentile, defined as severe obesity, should undergo an OGTT as a screening for IGT 
or overt type 2 diabetes. Whenever treatment of obesity or type 2 diabetes is necessary, 
multidisciplinary teams should be formed, including a physician, a nutrition specialist, 
a psychologist, as well as care providers such as school nurses and teachers. Joint 
actions by physicians, health authorities, and government agencies using modern media 
are required for the implementation of nationwide prevention programs. These pro- 
grams should consider cultural approaches and racial preferences with respect to food 
preparation and eating habits and should encourage increasing physical activity. In 
addition, the public should be made aware of both the epidemic of childhood obesity 
and its serious consequences, the most important of which is type 2 diabetes. Thus, one 
of the prime targets of public health intervention programs should be prevention and 
treatment of juvenile obesity and type 2 diabetes mellitus (31--41). 

C O N C L U S I O N S  

Obesity is the most common chronic disorder in industrialized countries, and the 
number of obese children and adolescents is increasing significantly over time. 
Childhood obesity is associated with substantial comorbidities, such as type 2 diabetes 
mellitus. Its impact on individuals' lives and on health-care costs and economics is 
increasingly being recognized by physicians and the public alike. 

Whereas diagnostic strategies are clear and straightforward, treatment often remains 
difficult and frustrating for the patient, the family, and the multidisciplinary team pro- 
viding health care. As a result, much more attention should be given to prevention and 
the development of preventive strategies at all ages. Research on new and more effec- 
tive treatment options is urgently needed. Finally, the public and politicians alike should 
become aware of the increasing health burden and economic dimensions of the epi- 
demic of juvenile obesity and take appropriate action. 
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I N T R O D U C T I O N  

Diabetes mellitus is the leading cause of blindness in people between the ages of 20 
and 74 in the United States, and diabetic retinopathy (DR) will eventually affect most 
people with type 1 diabetes. Blindness is 25 times more common in patients with dia- 
betes mellitus than in control subjects. In the Wisconsin Epidemiological Study of 
Diabetic Retinopathy (WESDR), 3.6% of patients with type 1 diabetes were legally 
blind (the majority owing to DR), whereas 1.6% of those with type 2 diabetes were 
legally blind (one-third owing to DR) (1). DR began in type 1 diabetes 3-5 yr after 
diagnosis and in type 2 diabetes as early as 4-7 yr before the clinical diagnosis of dia- 
betes. Almost all type 1 patients and 50-80% of type 2 patients were affected at 20 yr. 
Because the prevalence of type 2 diabetes mellitus is much higher in the general popu- 
lation, a larger proportion of severe proliferative diabetic retinopathy (PDR) cases are 
caused by type 2 diabetes mellitus. This chapter discusses the pathophysiology and cur- 
rent management, as well as novel emerging approaches for the treatment of DR. 

Definition and Classification 
DR is classified into two main groups: nonproliferative (mild, moderate, moder- 

ately severe, and severe) and proliferative (mild, moderate, and high risk) DR. 
Nonproliferative diabetic retinopathy (NPDR) is characterized by increased vascular 
permeability, dilation and tortuosity of the retinal veins, abnormal vascular communi- 
cations between arterioles and venules, microaneurysms, intraretinal hemorrhages, and 
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Fig. 1. Fundus appearance of normal retina. Disk margins are sharp, retinal vessels have normal caliber, 
and the macular area has a sharp reflex. 

"cotton-wool" spots (areas of infarction in the nerve layer). Microvascular angiopathy 
results in exudation of plasma from breakdown of the blood-retinal barrier. 
Reabsorption of the fluid results in the deposition of protein and lipid exudates ("hard 
exudates"). PDR is marked by the formation of neovessels in the area of the optic disk 
(neovascularization of the optic disk [NVD]) or retinal neovascularization elsewhere 
(NVE). Fifty percent of type 1 and 10% of type 2 diabetics who have had DR for 15 yr 
will have PDR, whereas the prevalence is higher in type 2 patients who require insulin. 

Prevalence and Incidence 

Calculation of the prevalence of DR in the population, especially in early stages, is 
complicated by the type of physician making the diagnosis (general ophthalmologist vs 
retina specialist) and by the identification method (fundus photography vs opthal- 
moscopy). Grading of retinopathy in large clinical trials, such as the Early Treatment 
Diabetic Retinopathy Study (ETDRS) and the WESDR, uses the Airlie House classifi- 
cation (2), with photographs covering seven standard fields of the retina. The reported 
prevalence of DR at diagnosis of type 1 diabetes mellitus is low (0-3%). Because type 
2 diabetes mellitus can remain undiagnosed for years, DR is present in 6.7-30.2% of 
patients at diagnosis (3). The prevalence of DR in type 1 and 2 diabetes is strongly cor- 
related with duration of the disease. As many as 100% of patients with type 1 diabetes 
have been observed to develop some degree of retinopathy after 20-30 yr, with a peak 
incidence at about 10-15 yr after diagnosis (3). Of type 2 patients 50-80%, are affected 
by 20 yr from diagnosis. Severe visual loss is owing to DR in 86% of patients with type 
1 diabetes, but only 33% of older-onset groups, because other eye diseases increase 
with age (4). 

In the WESDR, the 4-yr incidence of any DR was 59% in patients with type 1 dia- 
betes, 47.4% in type 2 patients treated with insulin, and 34A% in type 2 patients not 
treated with insulin (3,5). Among type 1 patients, 41.2% experienced progression of 
DR and 10.5% had progression to PDR during the 4-yr study. Progression of DR was 
seen in just over one-third (34%) of insulin-treated type 2 patients and 24.9% of nonin- 
sulin-treated type 2 patients. Progression to PDR was seen in 7.4 and 2.3% of these 
patients, respectively. In the three patient groups (type 1, insulin-treated type 2, and 
non-insulin-treated type 2), the incidence of legal blindness was found to be 1.5, 3.2, 
and 2.7%, respectively (3,5). The 10-yr incidence of any DR or visual loss in patients 
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enrolled in the WESDR was 89.3 and 9.2%, respectively, in type 1 diabetes; 79.2 and 
32.8%, respectively, in insulin-treated type 2 diabetes; and 66.9 and 21.4%, respec- 
tively, in non-insulin-treated type 2 diabetes, respectively (3,6). In these patients, those 
experiencing one or more steps of progression (on the Early Treatment of Diabetic 
Retinopathy Study [ETDRS] scale) after 4 yr were calculated to be 5.85 times more 
likely to develop PDR in the next 6 yr compared with those with no progression (3). 

PATHOPHYSIOLOGY OF DR 

DR: A Disease of Vascular Remodeling and Uncontrolled Angiogenesis 
The first ophthalmoscopically observed lesion is the formation of vascular microa- 

neurysms (small outpouchings that stem from the retinal capillaries) and venular dilata- 
tion, although biochemical and cytokine perturbations have probably preexisted for years 
(7). Thickening of the retinal basement membrane is thought by some investigators to be 
the earliest change in DR. Microvascular contractile cell (pericyte) death, followed by 
endothelial cell proliferation, may explain the formation of microaneurysms and may also 
lead to acellular capillaries, which tend to undergo occlusion, leading to retinal ischemia. 
"Cotton-wool" spots and soft exudates represent ischemic areas of the nerve-fiber retina 
layer. Acellular capillaries are also fragile and leaky, leading to blot hemorrhages and/or 
extravasation of fluid and retinal edema. These changes can still be asymptomatic, unless 
they affect the macula. Macular edema is an important cause of severe central vision loss. 
Reabsorbance of the fluid from the extracellular edema results in precipitation of lipids 
and protein, forming "hard exudates." Growth of new blood vessels in the retina in 
response to retinal hypoxia is the hallmark of PDR. New vessels may appear near the 
macula, directly affecting central vision. New vessels also rupture easily, leading to vitre- 
ous hemorrhage. In advanced PDR, fibrovascular tissue growing from the retina into the 
vitreous may result in traction and retinal detachment leading to blindness. New vessel 
proliferation can also occur on the surface of the iris and in the anterior chamber angle, 
the latter blocking the outflow path for aqueous humor in the eye, increasing the intraoc- 
ular pressure and causing neovascular glaucoma. The significant advances in the field of 
angiogenesis have greatly increased the knowledge about the pathogenesis of the vascu- 
lar lesions in DR and the regulation of retinal neovascularization. 

DR: An Undiagnosed Chronic Inflammatory Disease 
Over the past 15 yr, an increasing body of experimental and clinical evidence has sug- 

gested that a low-grade chronic, subclinical, inflammatory process takes place in the reti- 
nal microvasculature in the setting of DR and could be a major pathogenetic mechanism 
underlying its vascular pathology. This evidence has implications for understanding the 
pathophysiology of a major cause of blindness and may also shift the treatment paradigm 
for this condition by bringing anti-inflammatory therapies into the spotlight. 

Within 1 wk of experimental diabetes in relevant animal models, retinal vascular 
endothelial growth factor (VEGF) levels increase (8) and serve to stimulate intercellu- 
lar adhesion molecule-1 (ICAM-1) expression in the retinal vasculature, which pro- 
motes leukocyte binding to the diabetic retinal vasculature (leukostasis). Leukocytes 
then trigger a Fas/Fas ligand (FasL)-mediated endothelial cell death, and breakdown of 
the blood-retinal barrier (9). These findings occur irrespectively of the method used to 
induce diabetes in the animal model (streptozotocin for pancreatic islet destruction or 
galactose-based diet that induces systemic hyperhexosemia or animals genetically 
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prone to spontaneous diabetes development) and were confirmed in postmortem human 
retina tissue sections from diabetic subjects (10). Moreover, neutrophils from diabetic 
rats exhibit higher levels of surface [32-integrin heterodimers LFA- 1 (CD 11 a/CD 18) 
and Mac-1 (CDlla/CD18) that serve as ICAM-1 receptors (11) and demonstrate 
enhanced superoxide radical production. Antibody-based neutralization of ICAM-1 
and CD18 prevents leukocyte adhesion (12-14). Moreover, diabetic and galactosemic 
mice deficient for the leukocyte adhesion molecules CD 18 and ICAM-1 show a marked 
and sustained suppression of retinal vascular leukocyte adhesion, endothelial cell injury 
and loss, blood-retinal barrier breakdown, pericyte death, acellular capillary formation, 
and neural cell death, compared with wild-type controls. 

DR: Role of Apoptosis 
Diabetic retinal leukostasis is temporally and spatially associated with retinal 

endothelial cell injury and death. Antibody-based neutralization of ICAM-1 and CD 18 
prevents retinal endothelial cell injury and death, presumably through its effect on 
leukocyte adhesion (14). Retinal endothelial cell and pericyte apoptosis is accelerated 
in human and experimental diabetes and precedes any histological evidence of retinopa- 
thy. This phenomenon can also be induced by experimental hyperhexosemia (galac- 
tosemia) (15). A cycle of accelerated death and cell renewal may contribute to vascular 
architectural changes and, on exhaustion of replicative life-span, to capillary occlusion 
(16). Retinal cells undergo apoptosis as well, resulting in reduction in thickness of the 
inner plexiform and inner nuclear and ganglion layers in diabetic rats (17). Apoptosis 
in the photoreceptor layer of diabetic models has also been reported (18). 

A major mechanism of leukocyte-mediated induction of apoptosis is via the Fas 
pathway. Fas (also known as Apol/CD95) is a transmembrane protein that belongs to 
the tumor necrosis factor receptor (TNFR) superfamily and is widely expressed 
throughout most tissues. On crosslinking by FasL (a member of the TNF family that is 
expressed in activated immune effector cells), Fas activates caspase-8 (19,20), which 
then triggers the downstream apoptotic caspase cascade. Retinal endothelial cells 
express Fas and caspase-8, but little FasL. High glucose concentrations increase their 
susceptibility to Fas-mediated apoptosis (21). Neutrophils from diabetic rats have 
increased FasL surface expression and can induce Fas/FasL-dependent endothelial cell 
apoptosis, vascular damage, and blood-retinal barrier breakdown (21). 

Proinflammatory Mediators in DR: Role of Cyclooxygenase-2 and TNF-~ 
Additional support for the notion that DR has an inflammatory component comes 

from documentation of a role for traditional inflammatory mediators, such as 
prostaglandins and the enzyme responsible for their generation, cyclooxygenase-2 
(COX-2). COX-2 expression is induced in human diabetic retinas and specific COX-2 
(but not COX-l) inhibitors prevent neovascularization, whereas prostaglandin E2 
induces VEGF and basic fibroblast growth factor mRNA expression and exacerbates 
neovascularization (22,23). Preclinical evidence suggests that specific COX-2 inhibitors 
(such as celecoxib and meloxicam), as well as high doses of aspirin, prevent diabetic 
retinal leukostasis and blood-retinal barrier breakdown in DR (24-26). High-dose 
aspirin (50 mg/[kg.d]) and high-dose meloxicam (a selective COX-2 inhibitor) (2.0 
mg/[kg d]) reduce retinal ICAM-1 expression, leukostasis, and blood-retinal barrier 
breakdown in diabetic animal models, as well as TNF-a levels in the diabetic retina, 
suggesting a role for TNF-a in the pathopysiology of DR. This hypothesis is supported 
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by the fact that the soluble TNF-a inhibitor (TNFR-Fc, etanercept) suppresses leukosta- 
sis in this model (24). 

The clinical significance of the aforementioned preclinical data remains controver- 
sial, because of the lack of supportive clinical evidence for a protective effect of aspirin 
on early DR. In the ETDRS, aspirin (650 mg/d) did not prevent the development of 
high-risk proliferative retinopathy and did not reduce the risk of visual loss. At the 
same time, it did not increase the risk of vitreous hemorrhage (suggesting that there are 
no ocular contraindications to aspirin when required for cardiovascular disease or other 
medical indications) (27,28). However, in another double-blind, randomized, controlled 
clinical trial (the Dipyridamole Aspirin Microangiopathy of Diabetes [DAMAD] Study 
Group), a slightly higher aspirin dose (330 mg three times daily) significantly slowed 
the progression of early DR (29). Taken together, these data suggest that conventional 
(650 mg/d) aspirin has no protective effect on early DR (and no complications), whereas 
higher doses (as high as 20-50 mg/[kg.d]) (24,26) have shown a protective effect in 
preclinical studies that still await conclusive support from clinical data. 

Role of Platelets in DR 
Platelets are operative in hemostasis; coagulation; thrombosis; and, notably, inflam- 

matory responses. Platelet microthrombi, leading to capillary occlusion, are more 
prevalent in the diabetic retina of rats and humans. Boeri et al. (30) demonstrated a 
topographic association of microthromboses with apoptotic cells in the retinal vascula- 
ture. Platelet numbers are increased in the retina as early as after 2 wk of experimental 
diabetes. When neutralizing anti-FasL F(ab')2 fragments given to inhibit endothelial 
cell death, retinal platelet numbers are reduced to nondiabetic levels. Within seconds of 
platelet activation, the inflammatory mediator CD40 ligand (CD40L, CD154), a trans- 
membrane protein that belongs in the TNF-a family, is translocated to the cell surface. 
CD40L binds to CD40 on endothelial cells, triggering expression of the adhesion mol- 
ecules ICAM-1 and vascular cell adhesion molecule-1, and chemokines such as inter- 
leukin-8 and monocyte chemoattractant protein-1. These proinflammatory molecules 
facilitate the extravasation of leukocytes at sites of vascular injury. In addition, platelets 
contain preformed VEGF, TNF-a, and platelet-derived growth factor (PDGF), which 
can be released on platelet activation. Taken together, these data indicate that in addi- 
tion to their hemostatic role, platelets can participate in inflammation and may release 
growth factors affecting the vasculature. Insulin can significantly stimulate plasmino- 
gen activator inhibitor-1 activity in endothelial cells, potentially precipitating thrombo- 
genesis (31). Platelet microthrombi and capillary occlusion can also lead to focal 
ischemia and hypoxia that will lead to VEGF expression and neovascularization. 

Role of VEGF in DR 
VEGF SIGNALING SYSTEM 

VEGF, also known as vascular permeability factor, is an endothelial cell mitogen 
and motogen (32) that promotes the formation of new vessels. VEGF is also a power- 
ful permeability factor. On a molar basis, it is 50,000 times more potent than hista- 
mine. It exists in five different isoforms of 121, 145, 165, 189, and 206 amino acids, 
which are derived from alternatively spliced mRNAs, of which VEGF165 is the pre- 
dominant molecular species. It binds two high-affinity receptors, the 180-kDa fms- 
like tyrosine kinase (Fit-l, also known as VEGFR1) and the 200-kDa kinase insert 
domain-containing receptor (KDR), also known as fetal liver kinase (flk) or VEGFR2, 
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Fig. 2. NPDR. Flame-shaped, dot-blot retinal hemorrhages and "cotton-wool" spots are shown. 

but KDR transduces the signals for endothelial proliferation and chemotaxis (33,34). 
VEGF participates in the pathogenesis and progression of a wide range of angiogene- 
sis-dependent diseases, including cancer (32,35), certain inflammatory disorders 
(32,35), and DR. 

VEGF: A KEY MEDIATOR IN DR 

In the eye, VEGF mediates normal retinal vascular development, as well as patho- 
logical neovascularization of the cornea, iris, retina, and choroid. Abundant evidence 
implicates VEGF in both preproliferative and proliferative DR (36-43). VEGF mRNA 
and protein expression is present in retinal pigment epithelial cells, pericytes, astro- 
cytes, glia, and endothelial cells (44) and VEGF levels are tightly correlated temporally 
and spatially with PDR. Intravitreal injections of VEGF in primates produces vascular 
pathology that recapitulates human DR: vessel dilation, tortuosity, microaneurysm-like 
formations, leukostasis, blood-retinal barrier breakdown, and neovascularization (45). 
Intraocular VEGF levels are increased in diabetic patients with blood-retinal barrier 
breakdown and neovascularization (36,41,46-48). Increased expression of VEGF-R2 
has also been reported in diabetic retinas (49). Interestingly, patients who did not 
develop any evidence of DR even after long-standing diabetes were found to have a 
deficiency in the hypoxic induction of VEGF in peripheral blood monocytes (50). 
Specific inhibition of VEGF suppresses retinal ICAM-l-level upregulation, leukostasis, 
and blood-retinal barrier breakdown in animal models (38,42,51,52). Therefore, regu- 
lation of VEGF expression conceivably could be both a mediator for converging local 
and systemic stimuli modulating vessel pathophysiology in DR, and a target for thera- 
peutic intervention. 

REGULATION OF VEGF EXPRESSION IN DR 

VEGF expression can be induced by many factors associated with DR, including tis- 
sue hypoxia, hyperglycemia, advanced glycation end products (AGEs), reactive oxygen 
intermediates (ROIs), inflammatory mediators, insulin growth factor-1 (IGF-I), and 
insulin. 

Hypoxia. For some types of neovascularization, including PDR, tissue ischemia 
and hypoxia is a very potent inducer of VEGF gene expression. Retinal VEGF expres- 
sion temporally and spatially correlates with neovascularization in PDR (53). Hypoxic 
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retinal pericytes and retinal pigment epithelial cells stimulate retinal endothelial cell 
growth in a VEGF-dependent manner (54). Hypoxia stimulates VEGF mRNA expres- 
sion mainly via the inducible helix-loop-helix (bHLH)-PAS transcription factor 
hypoxia-inducible factor-l~ (HIF-lo~), which heterodimerizes with the constitutively 
present bHLH Per/ARNT/Sim (PAS) protein ARNT (HIF-1 ~) (55-58), and binds to 
consensus and ancillary hypoxia-response elements in the VEGF promoter. In addition, 
hypoxia may increase the stability of VEGF mRNA (59,60). 

Hyperglycemia. Hyperglycemia has been implicated in VEGF stimulation via sev- 
eral pathways. Glucose toxicity can directly affect endothelial cell and pericyte func- 
tion and viability, resulting in distorted retinal microvascular blood flow; hypoxia; and, 
thus, stimulation of VEGF expression. Hyperglycemia can also impair autoregulation 
of retinal blood flow, causing increased shear stress on the retinal blood vessels, injury, 
and subsequent production of VEGF (61). Furthermore, hyperglycemia may induce 
VEGF gene expression directly via intracellular signaling pathways such as the aldose 
reductase pathway and the protein kinase C (PKC) pathway (62,63), and via the forma- 
tion of AGEs and ROIs (64,65). 

Advanced Glycation End Products. AGEs increase VEGF mRNA in vitro in cul- 
tured human retinal pigment epithetial (RPE) and bovine vascular smooth muscle cell lev- 
els and in vivo in the ganglion, inner nuclear, and RPE cell layers of the rat retina. Use of 
an anti-VEGF antibody blocked the capillary endothelial cell proliferation induced by the 
conditioned media of AGE-treated cells (66). Albumin-AGE stimulates VEGF mRNA and 
protein expression in RPE cells through an extracellular signal-regulated kinase (ERK) 
dependent pathway that also involves an increase in accumulation of the HIF-I~ protein 
and activation of its DNA-binding activity (67). Thus, AGEs may participate in the patho- 
genesis of DR through their ability to increase retinal VEGF gene expression (66). 

Reactive Oxygen Intermediates. Superoxide and H202 rapidly stimulated VEGF 
mRNA levels in human RPE cells in vitro, largely through increases in VEGF mRNA 
stability. Reoxygenation of human RPE cells in vitro and ocular reperfusion in vivo 
increased retinal VEGF mRNA levels (68). H202 increases macrophage VEGF through 
an oxidant induction of VEGF promoter (69). ROIs also accelerate AGE-stimulated 
VEGF expression (70). Attempts to use antioxidants to lower VEGF expression have 
been successful in animal models, with resulting improvement in vascular pathology 
(71-73), but clinical proof in human trials is still lacking. 

Prostaglandins. The role of prostaglandins in VEGF expression and the preclinical 
studies using COX-2 inhibitors are reported under Proinflammatory Mediators in DR. 

Insulin-like Growth Factor-1. IGF-1 potently stimulates VEGF expression in the 
diabetic retina: vitreous IGF-1 levels correlate with the presence and severity of 
ischemia-associated diabetic retinal neovascularization (74); intravitreal IGF-1 injec- 
tion dose dependently causes retinal neovascularization and microangiopathy (75); 
reduction in serum IGF-1 levels inhibits retinal neovascularization in an ischemic 
murine model (76); exogenous recombinant IGF-1 exacerbated DR when administered 
to patients with diabetes (in an attempt to suppress growth hormone [GH] secretion and 
reverse insulin resistance) (77, 78); conversely, pituitary ablation acutely improved 
visual acuity and suppressed PDR, suggesting that decreases in GH and IGF-1 underlie 
this phenomenon (79,80); and PDR is rare in dwarfs who are deficient in GH and IGF- 
1 (81). Finally, mice with a vascular endothelial cell-specific knockout (KO) of the 
IGF-1 receptor are less susceptible to hypoxia-induced retinal neovascularization as 
compared with controls (82). 
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In vitro, IGF-1 potently stimulates VEGF expression in RPE cells and in vivo has an 
additive effect with hypoxia (83). Intravitreous administration of IGF-1 increased reti- 
nal Akt, c-Jun kinase (JNK), HIF-lct, nuclear factor-~B (NF-~B), and AP-1 activity, 
and VEGF levels. IGF-I stimulated VEGF promoter activity in vitro, mainly via HIF- 
lt~, and secondarily via NF-r,B and activator protein (AP)-1, as demonstrated by dele- 
tional mapping of the VEGF promoter and by electrophoretic mobility shift assays 
(EMSA) (84). Systemic inhibition of IGF- 1 signaling with a receptor-neutralizing antibody, 
or with inhibitors of phosphatidylinositol-3-kinase (PI-3K), JNK, or Akt, suppressed 
retinal Akt, JNK, HIF-lc~, NF-~B, and AP-1 activity; VEGF expression; as well as 
ICAM-1 levels, leukostasis, and blood-retinal barrier breakdown in a diabetic animal 
model (84). 

These findings, in addition to providing clinically important conclusions about the 
pathophysiology of DR, propose targets for pharmacological intervention to preserve 
vision in patients with diabetes. Compounds that inhibit the activity of the IGF-1 recep- 
tor or its downstream intracellular signaling pathways (e.g., inhibitors of PI-3K or Akt) 
may be novel therapeutic agents for this disease. Geldanamycin (the prototypic mem- 
ber of the family of ansamycin antibiotics that inhibit the hsp90 molecular chaperone, 
leading to depletion of several kinases, including Akt) lowered Akt and JNK enzymatic 
activity, VEGF levels, and vascular leakage in a rodent model of DR (84). Geldanamycin 
analogs are currently undergoing clinical evaluation as inhibitors of growth factor- 
induced signaling in neoplastic diseases and have demonstrated a favorable pharmacolog- 
ical profile (85). These compounds, as well as other inhibitors of the IGF- 1 receptor or 
its downstream effectors, such as Akt, NF-~:B, and AP-1, represent potential novel 
pharmacological agents for the treatment of DR. 

Insulin. Acute, intensive insulin therapy transiently worsens DR and is known epi- 
demiologically as an independent risk factor. Insulin stimulates growth of microvascular 
endothelial cells by upregulating VEGF mRNA. A neutralizing antibody against VEGF 
can completely suppress insulin-induced endothelial cell proliferation. The angiogenic 
effects of insulin are additive with those of hypoxia (31). Mice with a vascular endothe- 
lial cell-specific KO of the insulin receptor are less susceptible to hypoxia-induced retinal 
neovascularization and demonstrate a blunted rise in VEGF, endothelial nitric oxide syn- 
thase (eNOS), and endothelin-1 (ET-1) (82). Acute, intensive insulin therapy markedly 
increases VEGF mRNA and protein levels in the retinae of diabetic rats, by activating 
HIF-I~ via a pathway that involves p38 mitogen-activated protein kinase (MAPK) and 
PI-3K, but not p42/p44 MAPK or PKC (86). Blood-retinal barrier breakdown is markedly 
increased with acute, intensive insulin therapy but can be reversed by treating diabetic 
animals with a VEGFR-Fc fusion-soluble protein (86). 

WHAT ARE THE DOWNSTREAM TARGETS OF VEGF IN DR? 

As mentioned previously, VEGF is primarily a mitogen for endothelial cells and 
drives endothelial cell proliferation and neovascularization in DR. A MAPK-dependent 
pathway of proliferation has been described (87). VEGF may also promote endothelial 
cell migration and vascular permeability (88). The resulting vessel leakiness promotes 
interstitial edema and worsens hypoxia, further stimulating VEGF production. VEGF 
stimulates the expression of eNOS, and the resulting nitric oxide (NO) production pro- 
motes ICAM-1 expression and leukocyte adhesion (89). 

VEGF also provides endothelial cells with a cytoprotective, antiapoptotic stimulus 
through Flk-1/KDR-mediated phosphorylation/activation of Akt (90-93). Because Akt 
can stimulate VEGF expression, the latter may be part of an autocrine loop through 
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which VEGF stimulates its own gene expression. Another loop may involve STAT3, 
because VEGF can activate STAT3 signaling in retinal microvascular endothelial cells 
via a VEGFR2/STAT3 complex that induces STAT3 tyrosine phosphorylation, nuclear 
translocation, and stimulation of VEGF expression (94,95). 

RISK FACTORS 

Most of the studies that identified risk factors for the progression of DR involved 
patients with type 1 diabetes mellitus. Duration of diabetes mellitus, prior development 
of high-risk PDR, impaired visual acuity at baseline, high HbAlc levels, history of dia- 
betic neuropathy, lower hematocrit, elevated triglycerides, lower serum albumin, mild 
to moderate nonproliferative retinopathy, and younger age (or type 1 diabetes) are all 
predictors for a worse outcome (96). 

Duration of Diabetes Mellitus 
In the WESDR, the prevalence of any retinopathy among young type 1 patients was 

25% at 5 yr and reached 80% at 15 yr, whereas the prevalence of PDR increased from 
0% at 3 yr to 25% at 15 yr. The 4-yr incidence of retinopathy also increased with 
increasing duration of the disease, from 0% the first 5 yr to 28% after 14 yr. In the 
Pittsburgh Epidemiology of Diabetes Complications Study (PEDCS), patients between 
18 and 30 yr of age with type 1 diabetes mellitus and PDR had longer duration of dia- 
betes in relation to patients without retinopathy. The effect of the duration of the dis- 
ease to the development and progression of DR is variable after 20 yr. 

Hyperglycemia 
In the Diabetes Control and Complications Trial (DCCT), progressive retinopathy 

was uncommon in patients with HbAlc  values below 7%. In the WESDR, type 1 
patients with higher levels of HbAlc  and diabetes mellitus of <10 yr of duration 
were 1.5 times as likely to have any retinopathy compared with those with lower 
levels. Among older-onset patients, those with the highest HbAlc  levels were 2.5 
times more likely to develop retinopathy than those with lower levels. In the PEDCS, 
type 1 patients with retinopathy had higher levels of HbAlc  than those without 
retinopathy whereas no such association was found in older ages. In parallel, in sev- 
eral trials of type 2 diabetes mellitus, a significantly higher risk of developing DR 
and progressing to PDR was associated with higher blood glucose levels, whereas 
there was a continuous relationship between the glycemia and the risk of microvas- 
cular disease. 

In several randomized studies, institution of tight glycemic control with intensive 
insulin therapy resulted in "early worsening," but with a long-term delay in the progres- 
sion of DR (see Insulin). It is also known that once DR reaches a certain stage, its pro- 
gression becomes irreversible, even with adequate glycemic and blood pressure (BP) 
control ("retinopathic momentum") (3). 

Proteinuria and Renal Disease 

Even after controlling confounding factors such as HbAlc levels, presenting age and 
duration of the disease, and BP, proteinuria is associated with a higher prevalence of 
DR and development of PDR. An association of proteinuria with background DR was 
found in the PEDCS in the 18 to 29-yr age group. The association was observed in type 
1 patients mainly and in some studies in type 2 patients as well. 
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Blood Pressure 
BP is a controversially discussed risk factor for the progression of DR. The UK 

Prospective Diabetes Study (UKPDS) showed that tight pressure control with an 
angiotensin-converting enzyme (ACE) inhibitor or a [i-blocker reduced the risk of 
vision loss and progression of retinopathy, as well as mortality, from diabetes (97). 
However, the Appropriate Blood Pressure Control in Diabetes trial (ABCD) showed 
that intensive BP control offers no benefit regarding to the progression of retinopathy 
compared with moderate control (98). It seems that in young patients with type 1 dia- 
betes mellitus, diastolic blood pressure (DBP) but not systolic blood pressure (SBP) 
was predictive of progression of DR, whereas both systolic and DBPs were associated 
with PDR. Among older-onset patients or type 2 patients, neither SBP nor DBP is 
associated with the progression of DR, whereas DBP <70 mmHg is a protective factor 
in patients with long-standing diabetes. Because hypertension is a known risk factor 
for heart and central nervous system (CNS) morbidity, it should be treated vigorously 
regardless of its effect on DR. 

Pregnancy 
Whereas pregnant diabetic patients without retinopathy do not experience progres- 

sion of retinoplasty during pregnancy, in patients with established PDR, pregnancy is 
associated with progression (99). 

Genetic Factors 
Siblings of affected patients tend to have significantly higher risk of severe DR 

(100,101), and several studies have shown a difference in the frequency of DR among 
ethnic populations (102). Areas in chromosomes 3 and 9 influence retinopathy and 
nephropathy, although a specific region dedicated for DR has not been identified (103). 
Genes of the major histocompability complex, in particular HLA-DQ, contribute to the 
risk of type 1 diabetes mellitus, depending on the ethnicity of the population studied. 
This region is linked to the susceptibility of DR in both type 1 (104,105) and 2 diabetes 
mellitus patients (106), although larger samples of adult populations are required. Other 
genes proposed to be linked to DR susceptibility are the aldose reductase gene (AR2) 
(107-109), GLUT1 (110,111), a number of genes involved in cellular communication 
and extracellular matrix homeostasis (APOE [112], PAI-1 [113], TNF-tx [114], neu- 
ropeptide Y [115], G protein ~3-subunit [116], ~13-adrenergic receptor gene [117], 
Paroxonase 1 [118], collagen IV [119], and ct2[I integrin [120]), ETs (ET-1,ET-2,ET-3) 
(121), and NOSs (NOS 1, NOS 2A, NOS 3) (122), but the role of many of these candi- 
date genes is still controversial. Lack of association with a genetic risk of DR was 
reported for the ACE gene (123). 

Sex, race, age at examination, genetic predisposition, age at diagnosis, body weight, 
socioeconomic status, and tobacco and alcohol use are controversial risk factors and 
are generally not believed to constitute risk factors for the development or progression 
of DR. 

SCREENING 

Examination by an Ophthalmologist 
The diabetic patient's eye care should be a collaborative effort between the oph- 

thalmologist and the primary care physician. It is very important for the primary 
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care provider to know when to refer the patient for ophthalmological consultation. 
The early and treatable stages of DR are asymptomatic; therefore, regular checkups 
are essential. It is crucial to identify patients who have high risk characteristics 
(pregnancy, chronic hyperglycemia, hypertension, renal disease, hyperlipidemia, 
and cardiovascular autonomic neuropathy; see under Risk Factors). Patients with 
these conditions require careful medical evaluation and follow-up for the progres- 
sion of DR. 

Patients must be warned about the eye-threatening complications of diabetes melli- 
tus. DR encompasses a wide spectrum of manifestations from mild to profound vision 
loss, and early screening and appropriate treatment determine prognosis. Patients with 
type 1 diabetes should be examined 3-5 yr after the disease's onset or during puberty 
and then yearly thereafter (unless findings requiring urgent care occur before). The 
examination includes a history of visual symptoms, a visual acuity measurement, meas- 
urement of intraocular pressure and a dilated fundus examination. Patients with type 2 
diabetes should be examined at the time of diagnosis and then yearly thereafter. 
Pregnant diabetic patients should be examined prior to pregnancy for counseling, early 
in the first trimester, each trimester or more frequently as indicated, and then 6 wk 
postpartum. This does not apply for patients who develop gestational diabetes, because 
they are at no increased risk of developing retinopathy. 

In general, patients with macular edema, severe background DR or PDR should be 
followed by an experienced ophthalmologist or a retina specialist, and patients with 
low visual potential should also be evaluated by a low-vision specialist for visual reha- 
bilitation. 

Diagnosis of DR 
Diagnosis of DR can be established by fundoscopy, which reveals the character- 

istic lesions of NPDR (cotton wool spots, soft and hard exudates) or neovessels in 
PDR, which occur within the optic disc or elsewhere in the posterior pole within 
45 ° of the disc. Fundus fluorescein angiography (FA) can be used to evaluate NVE, 
although not routinely; NVE can be best detected by a thorough fundus examina- 
tion, with binocular indirect ophthalmoscopy combined with biomicroscopy using 
a lens or fundus. Optical coherence tomography (OCT) (used to measure the thick- 
ness of the retinal structures and the progression of macular edema by the interfer- 
ence pattern of a pair of near-infrared beams sent from a diode through the pupil of 
the eye as it passes through the vitreous, retina, and choroids [124,125]) can be 
used to detect and follow the progression of macular edema. New and experimental 
diagnostic methods include laser Doppler flowmetry (which measures retinal blood 
flow by quantifying the Doppler shifts of a laser beam that is projected to a column 
of moving erythrocytes [126]), scanning laser ophthalmoscopy (which measures 
the movement of a fixed fluorescent point along a vessel and, therefore, quantifies 
the movement of a plasma column in the photographic field), contrast-enhanced 
magnetic resonance imaging (MRI), which uses iv injection of gadolinium-diethyl- 
enetriamine pentaacetic acid to assess vascular leakage and compares in sensitivity 
to regular FA [127], and functional MRI (which indirectly assesses retinal 
oxygenation by measuring the change in retinal oxygenation when a patient 
breathes air with varying concentrations of oxygen [100 and 95%]). The latter 
method is so sensitive that it detects changes in oxygenation in areas of a few hun- 
dred micrometers (128). 
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C O M P L I C A T I O N S  OF DR AND CLINICAL M E C H A N I S M  
OF VISION LOSS 

Macular Disease 
As mentioned, macular edema results from the breakdown of the blood-retinal barrier 

that occurs early in DR and can result in vision loss in both NPDR and PDR. Additionally, 
central vision can be endangered by various insults to the macula: nonperfusion of 
parafoveal capillaries, traction of the macula (from fibrovascular proliferation) with or 
without detachment, intra- or preretinal hemorrhage, or retinal holes. 

Vitreous and Preretinal Hemorrhage 
Hemorrhage from neovessels can be confined to the vitreous face (the most anterior 

portion of the vitreous), where it and is usually easily cleared, or to the vitreous cavity, 
where it and usually requires months to be absorbed. Neovessels can bleed from Valsava 
maneuvers or from avulsion of retinal vessels from vitreous or fibrovascular membrane 
traction. 

Vitreous Traction and Fibrovascular Proliferation 
During the course of neovessel formation, fibrous tissue accompanies the new vessels 

and contracts over time, resulting in vitreous detachment and traction retinal detachment 
that can vary in severity and extent. Fibrovascular tissue can develop in the macular 
region and lead to distortion of the macula that can significantly reduce visual acuity. 

Rubeosis 
Retinal ischemia, long-standing retinal detachment, and fibrovascular proliferation 

can cause iris neovascularization (rubeosis), which consists of a fine vascular network 
within the iris that can cross the scleral spur of the angle and block the outflow path for 
aqueous humor, causing neovascular glaucoma, a condition difficult to treat that can 
lead to a painful eye with rapidly progressing visual loss. 

Involutional PDR 
The end result of DR is the involutional stage, characterized by a variable visual out- 

come; complete vitreous detachment, usually with retinal detachment; optic disc pallor; 
attenuated arterioles; and rarely microaneurysms, hemorrhages, and pigmentary RPE 
changes. Macular edema, ischemia or detachment, or optic nerve disease can account 
for the observed visual loss. 

P R E V E N T I O N  

Glycemic Control 
The most effective approach for primary prevention of DR, as well as for delaying of 

the rate of progression, is intensive glycemic control. In the DCCT, tight glucose control 
reduced the risk of development and progression of DR and other complications of type 
1 diabetes mellitus, despite an insulin-induced "early worsening" of DR (129). Owing to 
the large long-term risk reduction with intensive treatment, outcomes in intensively 
treated patients who had early worsening were similar to or more favorable than out- 
comes in conventionally treated patients who had no early worsening. The most impor- 
tant risk factors for early worsening were higher HbAlc level, particularly if retinopathy 
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Fig. 3. Clinically significant macular edema. Circinate exudates are seen around the macula with the 
characteristic yellowish appearance deep to the retinal vessels. An area of fibrovascular traction is 
shown near the optic disk. 

was at or past the moderate nonproliferative stage. In patients whose retinopathy is 
already approaching the high-risk stage, it may be prudent to delay the initiation of 
intensive treatment until prophylactic photocoagulation can be completed, particularly if 
HbAlc  is high. The reduction in the risk of DR resulting from prior intensive therapy in 
patients with type 1 diabetes persists for at least 4 yr, despite increasing hyperglycemia 
after the end of intensive therapy (130). Intensive therapy was most effective when initi- 
ated early in the course of type 1 diabetes mellitus (131). Therefore, patients with type 1 
diabetes mellitus have to aim for levels of HbAlc  close to the nondiabetic range (132). 

BP Control 
Hypertension, and particularly diastolic hypertension, is a likely risk factor for the 

development and progression of DR (133); the UKPDS showed that tight control of BP 
with an ACE inhibitor or a 13-blocker reduced significantly the deterioration of visual 
function in diabetic patients. However, the EUCLID study (134) investigated the effect 
of ACE inhibitors in normotensive diabetic adults and suggested that this drug class 
may have BP-independent effects on the progression of DR, and there is an ongoing 
larger study to investigate the effects of ACE inhibitors. Short-term losartan treatment 
of type 2 patients with macular edema and hard exudates (diabetic maculopathy) does 
not seem to have a beneficial effect, although long-term studies are required (135). 
Because hypertension is a known risk factor for heart and CNS morbidity, it should be 
treated vigorously regardless of its effect on DR. 

Lipid Control 
Elevated serum lipids, particularly increased cholesterol levels, are associated with 

the presence of retinal hard exudates in macular edema in patients with type 1 diabetes 
mellitus (136). Severe hard exudates can lead to subretinal fibrosis and visual deterio- 
ration. For more on clinical studies using lipid-lowering agents, see under Lipid- 
Lowering Agents. 

Follow-Up 
Equally important as tight glycemic control are regular, comprehensive eye exami- 

nations for all individuals with diabetes mellitus. Most diabetic eye disease can be 
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Fig. 4. Severe PDR. An area of vitreous hemorrhage is shown inferiorly. In addition, areas of scat- 
tered retinal hemorrhages are present. 

successfully treated if detected early. Routine, nondilated eye examinations by the pri- 
mary care provider or diabetes specialist are inadequate to detect diabetic eye diseases 
properly. The treatment of diabetic eye diseases requires an ophthalmologist experi- 
enced in these disorders. 

The controversy regarding the effect of antiplatelet agents was discussed earlier (see 
under Proinflammatory Mediators in DR). 

T R E A T M E N T  OF DR 

Conventional Management 
The current therapeutic options available for the treatment of DR, such as laser pho- 

tocoagulation and vitrectomy, do not completely prevent progression. Scattered laser 
photocoagulation is used in the treatment of PDR and involves the placement of 
200-1600 argon blue-green or krypton red laser burns on the midperipheral retina in 
two or more sessions. Focal photocoagulation is used for the treatment of diabetic mac- 
ular edema and involves the focal placement of argon green laser burns on capillaries 
and microaneurysms that appear leaky during FA between 500 and 3000 ~tm from the 
center of the macula. Eyes complicated with nonclearing vitreous hemorrhage preclud- 
ing the view to the back or eyes with traction retinal detachment involving the fovea, 
combined tracfion-rhegmatogenous retinal detachment, or epiretinal membrane forma- 
tion can benefit from vitrectomy. 

Three multicenter, randomized, controlled clinical trials sponsored by the National 
Eye Institute (NEI) investigated the role of scattered laser photocoagulation and vitrec- 
tomy surgery on the management of DR. The Diabetic Retinopathy Study (DRS) 
showed a reduction with laser photocoagulation treatment in neovascularization and 
vision loss in patients with severe NPDR or PDR that persisted for 5 yr. Although the 
DRS showed that there is a moderate risk of visual acuity reduction from the laser 
treatment, this outweighed by far the benefits for eyes with high-risk PDR (137). The 
complications of laser photocoagulation can present in the immediate postoperative 
period or long term and include macular edema or burn, choroidal or retinal detach- 
ment, pain during treatment, increased intraocular pressure, and corneal abrasions that 
can lead to permanent visual loss or disability. 
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Fig. 5. Fundus appearance after laser scatter photocoagulation. Pigmented atrophic scars were gener- 
ated in the retinal periphery. 

Laser treatment is not recommended in mild to moderate NPDR. The Early 
Treatment Diabetic Retinopathy Study showed that treatment with photocoagulation 
is not beneficial for eyes with mild or moderate NPDR until high-risk characteristics 
are observed, but it is beneficial for the treatment of clinically significant macular 
edema (138,139). It identified three factors that were predictive of progression: venous 
beading, intraretinal microvascular abnormalities, and hemorrhages/microaneurysms. 
It also showed that aspirin did not affect the course of the retinopathy in patients with 
mild or moderate NPDR (27,28). On the contrary, the DAMAD study assessed higher 
doses of aspirin and dipyridamole and concluded that aspirin may have a protective 
role against the progression of retinopathy in NPDR (29) (see also Proinflammatory 
Mediators in DR). 

The Diabetic Retinopathy Vitrectomy Study (DRVS) showed that vitrectomy surgery 
is efficacious in the management of type 1 diabetes mellitus patients with nonclearing 
vitreous hemorrhage and/or active fibrovascular proliferation (140). With subsequent 
substantial improvements in technique and instrumentation, surgeons currently inter- 
vene with vitrectomy for a broader range of indications. High-risk PDR requires initial 
scatter laser photocoagulation treatment (because the greatest threat to vision is traction 
retinal detachment, especially involving the macula, rather than vitreous hemorrhage), 
or focal photocoagulation if clinically significant macular edema (CSME) is present. 
Patients with type 1 diabetes may benefit from vitrectomy earlier than those with type 
2 diabetes. Complications from vitrectomy include corneal injury, cataract formation, 
postoperative hemorrhage with ghost cell glaucoma, iris and angle neovascularization, 
and anterior hyaloidal fibrovascular proliferation. 

Patients without DR are not at increased risk of progression after cataract surgery 
(141), but those with substantial DR may suffer worsening (142). Eyes with active 
PDR and cataract are better treated with combined cataract removal and pars plana vit- 
rectomy with intraoperative endolaser. The use of oral or local nonsteroidal anti-inflam- 
matory drugs and close follow-up postoperatively is advised in patients with diabetes 
because of the high incidence of macular edema. 

Attempts to treat diabetic macula edema with pars plana vitrectomy with internal 
limiting membrane peeling gave mixed results. Currently, intravitreal steroid injections 
are preferable for this indication [see under Intravitreal Steroids (Triamcinolone)]. 
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Emerging and Experimental Treatments 
Even with laser treatment available, DR remains one of the primary causes of vision 

loss, leading to the increased need for new treatments. Pharmacological therapy that 
improves the metabolic control or prevents the biochemical sequela of hyperglycemia, 
such as aldose reductase inhibitors (ARIs), AGE, or PKC inhibitors, could be an alterna- 
tive as a stand-alone treatment or in combination with laser therapy. Neovascularization 
in PDR can be targeted with inhibitors of growth factors that are responsible for angio- 
genesis, such as IGF-1 and VEGE or inhibitors of integrins (a-v, b-3), intracellular sig- 
nal transduction cascades (MAPK, PKC), or intravitreous steroids. 

INTRAVITREAL STEROIDS (TRIAMCINOLONE) 

Corticosteroids have been traditionally used for many years for the treatment of 
intraocular inflammation and to suppress blood-retinal barrier breakdown and fluid 
extravasation into the retinal tissue. Based on the above clinical observations (see "DR: 
An Undiagnosed Chronic Inflammatory Disease"), Machamer suggested that intravit- 
real application of a crystalline form of cortisone that creates a vitreal "depot" of the 
drug could be used to suppress the intraocular inflammation and cellular proliferation 
that characterizes aggressive vitreoretinopathies (143,144). Intravitreal injection of tri- 
amcinolone acetonide improved visual acuity in diabetes mellitus patients with clini- 
cally significant diffuse macular edema who had received no prior treatment (145) and 
even in patients in whom prior laser photocoagulation had failed (146). Intravitreal tri- 
amcinolone induced regression of iris neovascularization in a small series of 14 patients 
and can be used as an adjuvant therapy for neovascular glaucoma (147). Intravitreal tri- 
amcinolone is also used as an adjuvant treatment in PDR after vitrectomy to reduce 
intraocular inflammation (148), although its use to reduce the risk of pseudophakic 
macular edema after cataract surgery remains controversial (149). It should be noted 
that the formulation of triamcinolone currently used is not manufactured specifically 
for intravitreal use. An NEI-sponsored trial is under way to investigate a new preservative- 
free formulation of triamcinolone. 

ANTIHYPERTENSIVES" ACE INHIBITORS 

In the EUCLID study, lisinopril delayed the progression of DR in nonhypertensive 
patients with type 1 diabetes mellitus and no nephropathy (134). A decrease in SBP by 
30 mmHg against placebo was enough to decrease the risk of DR progression by 50% 
and the progression to PDR by 80%. However, the presence of other confounding fac- 
tors and the fact that DR was not one of the primary end points of the EUCLID study 
raised concerns. The ABCD (98) and Heart Outcomes Prevention Evaluation (150) 
studies, which included DR as one of their primary end points, did not support the 
EUCLID conclusion that ACE inhibitors might be beneficial. Short-term losartan treat- 
ment of type 2 patients with macular edema and hard exudates (diabetic maculopthy) 
does not seem to have a beneficial effect, although long-term studies are required (135). 

LIPID-LOWERING AGENTS 

Deregulated lipid metabolism contributes to the microvascular alterations in DR by 
activating the coagulation-fibrinolysis system, inducing endothelial injury and subse- 
quent death, and increasing vascular permeability. HMG-CoA reductase inhibitors are 
potential therapeutic candidates for DR partly owing to their strong lipid effects. Oral 
administration of lipid-lowering agents such as atorvastatin or simvastatin in type 1 
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diabetes mellitus patients with dyslipidemia reduces the severity of hard exudates and 
lipid migration (151-153). Although these data are based on short-term studies and the 
need for long-term studies is obvious before clinical guidelines can be established, it is 
generally agreed that aggressive management of diabetic dyslipidemia would benefit 
both macrovascular and microvascular diabetic disease. 

ALDOSE REDUCTASE INHIBITORS 

Early trials involving the ARIs sorbinil and polarnestat were complicated by serious 
side effects and failed to demonstrate a favorable effect on DR (154,155). Newer com- 
pounds have shown promising results in preclinical studies. ARIs such as WAY-121,509 
prevented galactose-induced cataract formation and retinal microvascular abnormalities 
in diabetic dogs (156). ARI-509 and aminoguanidine prevent or delay DR and VEGF 
upregulation (157). Epalrestat (Kinedak) was found to prevent the galactose-induced 
loss of corneal barrier function (158), whereas SG-210 (15P), which is currently in 
clinical trials in Japan and the United States, reduces the formation of cataract. 

AGE INHIBITORS 

Aminoguanidine was one of the original AGE inhibitors. The clinical trial that was 
designed to determine the effectiveness of aminoguanidine in humans was prematurely 
stopped owing to financial reasons (160). Preliminary results from a phase III trial 
involving aminoguanidine show a beneficial effect in the progression of DR but its use 
is associated with mild anemia (161). Two AGE inhibitors, pimagedine and the 
crosslink breaker ALT-711, have shown a favorable pharmacokinetic profile in preclin- 
ical trials and have demonstrated a reduction in the severity of AGE-related pathologies 
(162). ALT-711 reduced blood pressure in patients with diabetes (162). Administration 
of pimagedine in patients with type 1 diabetes demonstrated a reduction in the progres- 
sion of DR (161). 

PKC INHIBITORS 

PKC activation results in a variety of metabolic and cellular abnormalities, such as 
increased expression of connective-tissue proteins, growth factors, and mediators that 
contribute to the basement membrane thickening and decrease in retinal blood flow 
characteristics of DR microangiopathy. Among the PKC isoforms, PKC[3 is preferen- 
tially activated in DR and is a crucial element of the VEGF signaling cascade that 
mediates ocular neovascularization and macular edema. Oral administration of 
LY333531 (ruboxistaurin; Eli Lilly), a specific PKC~ inhibitor, in diabetes mellitus 
patients with minimal or no retinopathy had a dose-dependent normalizing effect on 
retinal blood flow without significant side effects (163). However, the Protein Kinase C 
[3-Inhibitor Diabetic Retinopathy Study (PKC-DRS) failed to demonstrate a significant 
impact of ruboxistanrin on the progression of DR (164,165). A subgroup analysis indi- 
cated a slower progression of diabetic macular edema in patients treated with the highest 
dose of ruboxistaurin, compared to placebo, which was thought to warrant further 
investigation. Oral administration of another inhibitor, PKC412, at doses of 100 mg/d 
in diabetes mellitus patients with macular edema reduced significantly retinal thickening 
and improved visual acuity without significant side effects (166,167). 

ANTIOXIDANTS 

Glucose-stimulated production of free radicals is associated with microvascular dam- 
age in diabetes, and normalization of this production has been shown to halt vascular 
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endothelial damage through a variety of pathways (168). High-dose vitamin E therapy 
has normalized retinal blood flow in patients with diabetes without affecting glycemic 
control (169,170). Further clinical trials are needed to determine the dose and long- 
term effectiveness of antioxidants in DR and macular edema. 

ANTITHROMBOTIC AGENTS AND COX-2 INHIBITORS 

The combination of decreased antithrombotic function of the endothelium and 
platelet activation leads to a prothrombotic state and retinal ischemia in diabetes melli- 
tus. Although the ETDRS concluded that aspirin treatment did not affect the develop- 
ment and progression of DR, the DAMAD study showed that aspirin alone in higher 
doses or in combination with dipyridamole delayed the progression of DR (29) (see 
also under Proinflammatory Mediators in DR). Because higher doses of aspirin can 
have troublesome side effects, such as increased risk of bleeding and gastrointestinal 
ulcers, when given long-term in patients with diabetes, an active search for equally effi- 
cient alternatives was undertaken. COX-2 inhibitors suppress DR progression in vari- 
ous animal models (24). The COX-2 inhibitor rofecoxib is currently undergoing a 
small-scale clinical trial in patients with diabetic macular edema. The TIMAD study 
showed that ticlopidine, a IIa/IIIb inhibitor, delayed the formation of microaneurysms 
(171). Defibrotide, a compound with profibrinolytic effects, was shown to improve 
visual acuity and other ophthalmological parameters of retinal function in a small-scale 
trial with type 1 diabetes mellitus patients (172). 

ENDOTHELINS: NO 

ETs, especially ET-1 and ET-3, have vasocontrictive properties, whereas prostacy- 
clin and NO induce vasodilation. Alteration of this delicate balance between vasocon- 
striction and vasodilation in diabetes mellitus with increased ET expression and a deficit 
in prostacyclin and NO correlates with the progression of DR. Inhibition of ETs or 
facilitation of prostacyclin or NO action can be used as a therapeutic target in DR. 
Although ET receptor inhibitors have shown favorable pharmacokinetic profiles and 
beneficial effects in experimental DR models, they have not been used in large-scale 
controlled trials yet. Another vasoactive drug that increases NO production and poten- 
tiates its effects is calcium dobesilate (doxium), which reduced the blood hyperviscos- 
ity, intraocular pressure, blood-retinal barrier breakdown, and retinal hemorrhages and 
improved the visual fields of patients with DR (173,174). 

ANTIANGIOGENIC THERAPY 

Although an angiogenesis inhibitor is not yet approved for use in DR, more than 30 
antiangiogenic agents are currently in clinical trials. Owing to its pivotal role in DR, 
VEGF signaling has been the target of many preclinical and ongoing clinical studies 
using agents such as neutralizing monoclonal antibodies (175), VEGFR-Fc fusion sol- 
uble protein (86), receptor tyrosine kinase inhibitors (176) (SU5416 [177], SU6668 
[178], ZD6474 [179], CP-547,632 [180,181], PTK787, and ZD4190 [182]), or 
ribozymes (angiozyme [183]). EYE001 (macugen) is a pegylated antisense RNA 
oligonucleotide that binds to VEGF165, preventing its action (aptamer) (184). Phase I 
trials with macugen have established the systemic safety of a single intravitreous injec- 
tion, and noncontrolled II/III trials showed encouraging preliminary results in exuda- 
rive age-related macular degeneration (184). Additionally, there are various other agents 
that downregulate VEGF expression in experimental models of DR, such as ACE 
inhibitors and pentoxifylline. Pentoxifyllin is well tolerated, increases ocular blood 
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flow in healthy volunteers and almost normalized choroidal blood flow in a study of 
patients with NPDR (185,186), and it decreases erythrocyte friability, fibrinogen levels, 
and microvascular complications (187). 

Other promising approaches involve various proteins with antiangiogenic properties 
(angiostatin and endostatin [188,189], platelet factor-4 [190], and the Tie-angiopoietin 
system [191]), inhibitors of matrix metalloproteinases (BB-3644 [192], AG3340 
[193,194], metastat [195], neovastat [196,197], CGS-27023A [198], Bay- 129566), 
inhibitors of PDGF (SU101 [199]), and inhibitors of integrins responsible for the inter- 
action of the endothelial cell with the extracellular matrix (EMD121974 [200], Vitaxin 
[201]). Peroxisome proliferator-activated receptor ~ agonists have antiangiogenic activ- 
ity, in addition to their effect on blood glucose levels [207,203]. Levels of pigment 
epithelium-derived factor (PEDF) in the aqueous humor are decreased in DR 
(198,204,205) and exogenous PEDF administration has reduced retinal neovasculariza- 
tion in various animal models of ocular disease (206). A dose-escalation phase I clini- 
cal trial of adenovirally mediated PEDF is currently ongoing in patients with advanced 
neovascular age-related macular degeneration (AMD) (207) that will identify the max- 
imum tolerated dose and activity of adenovirally encoded PEDF, which can lead to a 
similar study for DR. 

SOMATOSTATIN ANALOGS 

Octreotide has been shown to retard the progression of DR in patients with severe 
NPDR or early non-high-risk PDR and reduce the number of vitreous hemorrhages, 
while preserving visual acuity in a small-scale trial (208,209). A small trial of the GH 
inhibitor pegvisomant in patients with non-high-risk PDR failed to demonstrate a sig- 
nificant effect and induce reduction of neovascularization (210). Clinical trials with 
long-acting somatostatin analogs are currently in progress and they constitute a prom- 
ising treatment for patients who fail panretinal photocoagulation. 

GENE THERAPY 

Intraocular in vivo gene delivery has been proposed to treat DR by delivering 
"suicide genes" to specifically target abnormally proliferating fibroblasts and RPE 
cells using a retroviral vector (herpes simplex virus) to deliver the gene thymidine 
kinase in the target cells and, therefore, make them susceptible to the cytotoxic 
effects of ganciclovir (211). This method has been used in various experimental 
models with success even when the viral transduction efficiency is low (211,212). 
VEGF expression can be targeted with antisense or ribozyme gene therapy. Another 
proposed approach that could be useful in cases of retinal detachment would be to 
prevent the death of photoreceptors and retinal cells via the intravitreal injection of 
neuroprotective growth factors such as brain-derived neurotrophic factor (213). 
Neovascularization can also be targeted with the forced expression of antiangio- 
genie molecules such as angiostatin or endostatin in RPE cells (212). Although there 
is significant excitement about the envisioned uses of gene therapy, there is justified 
skepticism regarding unique challenges on the translational application of this pro- 
posed therapy. 

CONCLUSIONS 

DR is a major cause of vision loss in Western societies. Tight glycemic control is 
the mainstay of current medical management. Appropriate surgical therapy with 
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photocoagulation or vitrectomy can delay progression and preserve vision. Recent 
advances in the knowledge of the pathophysiology of DR and elucidation of its 
inflammatory and angiogenic mechanisms have identified numerous therapeutic tar- 
gets and herald an era of very active clinical research for new, effective, and safe 
targeted therapies. 
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I N T R O D U C T I O N  

With the increasing prevalence of obesity and its impact on metabolic and cardiovas- 
cular diseases, more attention is now being focused on the relationship between obesity 
and renal function. It is now recognized that obesity enhances the progression of renal 
function deterioration to end-stage renal disease (ESRD) in subjects with known preex- 
isting renal disease. In addition, obesity is associated with a well-described glomeru- 
lopathy called focal segmental glomerulosclerosis (FSGS). Finally, and most important, 
through its close association with type 2 diabetes and hypertension, the two most impor- 
tant causes of ESRD in the United States (1), obesity is now felt to be a major risk fac- 
tor for the development of chronic kidney disease. 

PREVALENCE OF RENAL DISEASE IN OBESITY 

Obese individuals are often found to have asymptomatic microalbuminuria and pro- 
teinuria. Some individuals, however, present with nephrotic-range proteinuria, with or 
without edema, and on renal biopsy have FSGS. Whether these presentations represent 
different ends of the same spectrum or different diseases is unknown. Sleep apnea, 
often present in the obese, is also associated with similar glomerular lesions (2,3). Data 
on the epidemiology of renal dysfunction among the obese population are sparse. 
Several reports have described a higher incidence of microalbuminuria among obese 
subjects both with and without hypertension (4,5). In a subanalysis of a large popula- 
tion study, microalbuminuria was noted in 9.5% of lean nondiabetic, nonhypertensive 
males compared with 18.3% in overweight (body mass index [BMI] = 25-29.9 kg/m 2) 
and 29.3% in obese (BMI > 30 kg/m 2) subjects. In women, the values were 6.6, 9.2, 
and 16%, respectively (6). Liese et al. (7) described a consistent association of microal- 
buminuria with measures of adiposity in nondiabetic men and women. Hypertension 
and central adiposity were the two strongest correlates of microalbuminuria. 
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Fig. 1. The presence of obesity shifts the relationship between mean arterial pressure and urinary 
sodium excretion to the right. Thus, for any level of sodium excretion, a higher mean arterial pressure 
is required. 

Although obesity-associated FSGS is an infrequent finding among the obese popula- 
tion, its frequency was recently noted to have increased 10-fold among native kidney 
biopsies, from 0.2% in 1986-1990 to 2.0% in 1996-2000 (8). 

PATHOPHYSIOLOGICAL BASIS OF KIDNEY DYSFUNCTION 
IN OBESITY 

Several hemodynamic and hormonal abnormalities contribute to renal dysfunction in 
obese individuals. Hypertension is very prevalent in the obese and plays a role in the 
pathogenesis of renal dysfunction. However, nonhemodynamic renal effects of various 
hormonal factors also play a role in contributing to renal dysfunction in the obese. 

Hypertension in Obesity 
One of the hallmarks of the hemodynamic changes in obesity is extracellular fluid 

volume expansion resulting from sodium retention (9). A number of mechanisms may 
contribute to this sodium retention. These mechanisms (see below) result in a shift of 
the normal pressure-natriuresis curve to the right (Fig. 1). This means that obese sub- 
jects require higher than normal arterial pressure to bring sodium excretion into bal- 
ance with sodium intake (10). The main mechanisms thought to be responsible for this 
shift in the pressure-natriuresis curve include increased sympathetic nervous system 
(SNS) activity, activation of the renin-angiotensin system (RAS), hyperinsulinemia, 
and physical compression of the kidneys by visceral obesity (11,12). 

SYMPATHETIC ACTIVATION 

Obesity increases SNS activity in many tissues, including skeletal muscles, adipose 
tissue, and kidneys (13). Increased SNS activity, especially in the kidneys, plays a 
major role in raising arterial pressure in obesity. In the setting of increased renal sym- 
pathetic tone, renal sodium excretion is reduced as a result of renal vasoconstriction 
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and decreased glomerular filtration of sodium and by a direct tubular effect to increase 
sodium reabsorption. Activation of the SNS is also associated with hyperinsulinemia, 
hyperleptinemia, and hyperangiotensinemia (see below). As a reflection of SNS activa- 
tion, the use of adrenergic blocking agents resulted in greater reduction in blood pres- 
sure (BP) in obese than lean hypertensive subjects (14). Renal denervation significantly 
reduced sodium retention and hypertension in obese dogs (15). This suggests that in 
obesity the effect of SNS activation on BP is mediated through the kidney and sodium 
reabsorption. 

LEPTIN 

Serum leptin levels have been shown to be directly related to body adiposity (16). 
Acute iv administration of leptin increased sympathetic activity in the kidneys, adrenals, 
and adipose tissue (17). On the other hand, human leptin was shown to promote natri- 
uresis in rats (18) and to induce vasorelaxant effects through endothelial nitric oxide 
(NO) production (19,20). Thus, acutely, administration of leptin seems to have little 
effect on BP. However, chronic infusion of leptin to raise blood levels to those found in 
the obese raised BP in rats despite hypophagia and weight loss (21,22). This was associ- 
ated with a decrease in renal blood flow and a shift in the pressure-natriuresis curve to 
the fight (18). This effect was further enhanced when NO synthesis was inhibited (23), 
as may occur in obese or diabetic subjects with endothelial dysfunction. Since obesity is 
associated with resistance to the metabolic and anorexic actions of leptin, the preserva- 
tion of leptin's other actions can only be explained by the presence of "selective leptin 
resistance." This concept has been suggested in several recent studies (24,25). 

HYPERINSULINEMIA 

The role of insulin in promoting sodium reabsorption in humans is still unclear, 
despite extensive experimental studies in animals. The clinical phenomenon of "refeed- 
ing edema" is often cited as an example of insulin's ability to induce sodium retention 
in humans. Insulin resistance and hyperinsulinemia correlate with BP in obese subjects. 
In addition, studies of acute insulin infusion suggested that hyperinsulinemia raises BP 
by increasing sodium reabsorption directly, enhancing sympathetic activity (26), and 
increasing the secretion of aldosterone in response to angiotensin II (Ang II) (27). On 
the other hand, neither acute nor chronic insulin infusion has been shown to cause a 
shift in the pressure-natfiuresis relationship in humans and dogs (28). 

It may be that another stimulus for sodium retention is necessary to "unmask" the 
direct effect of insulin on renal tubular function. In this regard, hyperglycemia has been 
cited as a possible additional factor. Increased filtration of glucose enhances sodium 
reabsorption in the proximal tubule (via the sodium-glucose cotransporter). As long as 
the amount of filtered glucose does not exceed the ability of the tubular reahsorptive 
process for glucose and result in an osmotic diuresis, enhanced proximal sodium reab- 
sorption will occur. This shifts the amount of sodium that is excreted at any level of BP 
(shifts the pressure-natfiuresis curve to the right). 

One additional consequence of increased proximal sodium reabsorption that may be 
relevant to obesity-induced renal dysfunction is that it decreases delivery of sodium to 
more distal sites (such as the macula densa) and stimulates the tubuloglomerular feed- 
back loop TGE Activation of the tubuloglomerular feedback loop results in afferent 
arteriolar vasodilation leading to an increase in glomerular hydrostatic pressure and 
hyperfiltration. This is often cited as a mechanism for the early hyperfiltration in 
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diabetes, and a similar pathogenesis may be operative in obesity-induced hyperfiltra- 
tion (29). Hyperfiltration reflects the transmission of more systemic pressure into the 
glomerulus (glomerular hypertension). The effects of systemic hypertension on vessels 
throughout the body are well appreciated. A similar pathophysiology applies to 
glomerular hypertension. 

In animal models, improvement in hyperinsulinemia reverses many of these hemo- 
dynamic abnormalities. For example, treatment with troglitazone in heminephrec- 
tomized Wistar fatty rats markedly reduced serum insulin levels with resultant 
improvement in proteinuria (30). 

RENIN-ANGIOTENSIN SYSTEM 

Despite volume expansion and sodium retention, obesity is associated with activa- 
tion of the RAS (31). Adipose tissue, besides its other endocrine functions, contains all 
elements of the RAS (32). It is speculated that adipose-derived Ang II could be a poten- 
tial mediator of obesity-related glomerular and systemic hypertension (33). Finally, 
activation of the SNS (as noted earlier) may also increase renal renin production and 
circulating Ang II, contributing to systemic hypertension. 

Nonhemodynamic Mechanisms 
LEPTIN 

Accumulating data suggest a potential role for leptin in the progression of chronic 
kidney disease. Leptin stimulated the proliferation of cultured glomerular endothelial 
cells. Transforming growth factor-13 (TGF-~) is a profibrotic cytokine that is implicated 
in the progressive fibrosis that occurs with any renal injury. Leptin was shown to 
enhance TGF-[31 mRNA expression and type IV collagen secretion by these glomeru- 
lar endothelial cells (34). 

The db/db mouse, a model for type 2 diabetes and morbid obesity, has leptin resist- 
ance and high circulating leptin levels (>80 ng/mL). These mice have been shown to 
develop glomerular hypertrophy, mesangial expansion, proteinuria, and eventually renal 
insufficiency (35). Although leptin failed to stimulate TGF-[31 synthesis, it increased 
TGF-~ type II receptor expression and type I collagen secretion in db/db mouse mesan- 
gial cells (36). Thus, activation of this paracrine TGF-[3 system by leptin may con- 
tribute to extracellular matrix deposition, glomerulosclerosis, and proteinuria (37). 
Interestingly, ob/ob mice, which are leptin deficient but phenotypically morbidly obese, 
rarely develop renal disease (38). 

ANG II 

Ang II is also widely believed to contribute to target organ damage by directly caus- 
ing vascular hypertrophy and increasing collagen formation in various tissues including 
mesangial cells (39). The role of blockade of the RAS in patients with and without dia- 
betes has firmly established the importance of this system on the progression of renal 
function loss. Evidence from animal (40) and human (41) studies of the beneficial renal 
effects of RAS blockade argues that the hemodynamic actions of Ang II are one of the 
main mechanisms in moderating renal injury. Nevertheless, nonhemodynamic mecha- 
nisms are probably important. Blockade of the RAS system with angiotensin receptor 
blockers alters the expression of key proteins in the slit diaphragm between renal 
podocytes. The slit diaphragm is the final barrier to movement of protein and albumin 
into the urine. Restoration of the normal components of this slit diaphragm by inhibition 
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of Ang II may account for the antiproteinuric effects of such treatments. Proteinuria and 
albuminuria are both markers for renal disease and also pathogenic factors contributing 
to progressive loss of renal function. The finding of microalbuminuria in up to 30% of 
obese individuals may reflect both the hemodynamic effects of Ang II and these more 
specific tissue effects. 

HYPERINSULINEMIA 

Insulin has been shown to stimulate mesangial cell hypertrophy and excess mesan- 
gial matrix production in in vitro and in vivo animal models resulting in glomeruloscle- 
rosis (42,43). Whether insulin contributes to glomerulosclerosis in humans is unknown. 

OBESITY-INDUCED LIPOTOXICITY 

Lipotoxicity refers to the array of disorders caused by overaccumulation of lipids in 
nonadipose tissues with subsequent steatosis, lipoapoptosis, and toxicity secondary to 
fatty acid non-[3 oxidation (44). There is clear evidence that increased accumulation of 
lipids has deleterious effects on various organs such as the heart (45), and on pancreatic 
13-cells (29), but the role of renal lipotoxicity is still unclear. However, indirect evidence 
for such a disorder comes from experimental animal studies showing that obesity is 
associated with marked accumulation of fatty tissue, especially in the renal sinuses 
(46). In addition, it has been observed that lipid peroxidation biomarkers are markedly 
elevated in glomeruli and renal microvessels in type 2 diabetes. Lipid-lowering agents 
(e.g., 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitors) reduce proteinuria and 
the rate of progression of kidney disease in patients with hypercholesterolemia and pro- 
teinuria (47). 

POTENTIAL ROLE OF INFLAMMATORY CYTOKINES DERIVED FROM EXCESS ADIPOSITY 

A low-grade inflammatory state is described in obesity and is thought to result from 
increased adipocyte production of inflammatory cytokines (adipokines) such as tumor 
necrosis factor-m, interleukin-6, and C-reactive protein (48). Whether such inflamma- 
tion has any role in glomerular and interstitial fibrosis associated with obesity is still 
unclear. Studies examining the time course of renal interstitial fibrosis in Zucker obese 
rats suggest that inflammation cannot explain the initial onset of renal interstitial fibro- 
sis that occurs in obese Zucker rats but may aggravate it once it begins (49). Peroxisome 
proliferator-activated receptor y (PPARy) agonists have been found to reduce plasma 
levels of various adipokines and to improve endothelial function as well as glucose reg- 
ulation (48). Similarly, the PPARy agonist rosiglitazone was effective in reducing the 
proteinuria and glomerular and tubular kidney damage in obese Zucker rats. In this 
model, the PPARy agonist exerted superior renal protection compared with angiotensin- 
converting enzyme (ACE) inhibitor therapy (50). 

RENAL F U N C T I O N A L  A N D  S T R U C T U R A L  C O N S E Q U E N C E S  
OF OBESITY 

Hyperfiltration and Micro/Macroalbuminuria 
The combined effect of sympathetic activation and volume expansion gives a classic 

hyperdynamic circulatory state characterized by increased cardiac output, heart rate, 
mean arterial pressure, and renal blood flow (51,52). 

As noted, more systemic pressure is transmitted to the glomerulus (52) as a result 
of afferent arteriolar vasodilation. The latter occurs in obesity because of increased 
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proximal sodium reabsorption resulting from activation of the SNS and RAS and 
possibly the effect of increased availability of glucose. A consequence of increased 
proximal reabsorption is decreased distal delivery of sodium to the macula densa. 
This activates the tubuloglomerular feedback loop, resulting in afferent arteriolar 
vasodilation (51). 

Hyperfiltration, a hallmark of obesity-related kidney disease, reflects the increased 
glomerular hydrostatic pressure (53). The early glomerular hyperfiltration in obesity is 
often as great as that observed in uncontrolled type 1 diabetes (54). Such hyperfiltration 
stresses the wall of the glomerulus and causes the appearance of microalbuminuria or 
proteinuria even before there are major structural changes (55,56). For example, in 
their dog model for human obesity, Henegar et al. (57) showed that dogs fed a high-fat 
diet for 7-9 wk or 24 wk developed hypertension and had an increased glomerular fil- 
tration rate (GFR) (145% of baseline) and renal plasma flow. Renal histopathology 
revealed an expansion of Bowman's capsule, increased cell proliferation in the glomeru- 
lus, thickening of the mesangial matrix and Bowman's capsule basement membrane, 
plus increased glomerular TGF-~ expression. 

Over the long term, the effects of glomerular hyperfiltration and arterial hyperten- 
sion-especially if combined with metabolic and profibrotic effects of hyperleptine- 
mia, hyperinsulinemia and hyperglycemia--could result in glomerular structural 
changes, glomerulosclerosis, and eventually nephron loss, resulting in a decrease in 
GFR (57,58). 

Obesity-Related Glomerulopathy 
Nephrotic-range proteinuria was first reported as a complication of massive obe- 

sity in 1974. The renal histological picture was identical to that of FSGS (59). 
FSGS is a common cause of nephrotic syndrome in adults and steroid-resistant 
nephrotic syndrome in children. A form of this condition called "collapsing FSGS" 
also occurs in human immunodeficiency virus-associated nephropathy and is asso- 
ciated with rapid loss of renal function. The pathogenesis is unknown. Since 1974, 
several case reports have described this syndrome (2,60-62). In 2001, two different 
centers reported on a series of patients and described the clinical and pathological 
features of the obesity-related disease compared to cases of idiopathic FSGS 
(I-FSGS) (8,63). 

The patients were mostly Caucasians, with a male-to-female ratio of 2:1 in obese- 
FSGS, whereas it was 1:1 in I-FSGS. Mean age at time of biopsy diagnosis was signif- 
icantly older (46 yr) in obese-FSGS compared with I-FSGS patients (32 yr). A large 
percentage (40-60%) of patients with obesity-related FSGS had submorbid obesity 
(BMI = 30-40 kg/m2), whereas those with I-FSGS were lean (average BMI = 25 
kg/m2). Half of the obese patients were hypertensive at the time of biopsy diagnosis, a 
significantly higher percentage compared with that of the I-FSGS group. Mild renal 
insufficiency was also present in the obese, with a mean serum creatinine of 1.5 mg/dL 
at the time of biopsy. An important clinical distinction was noted: Although nearly half 
of the patients had nephrotic-range proteinuria, most had no clinical evidence of 
nephrotic syndrome, including the absence of edema, and normal serum albumin and 
total serum protein. This is in marked contrast to what is typically seen in adult 
nephrotic syndrome. FSGS and glomerulomegaly were present in 80% of cases, 
whereas 20% of biopsies had glomerulomegaly alone. "Diabetoid" changes were also 
noted, such as mild focal mesangial sclerosis or focal glomerular and tubular basement 
membrane thickening. 
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An inconsistent course was noted in the two studies. In the study by Praga et al. (63) 
(smaller number but longer follow-up), 33% of cases progressed to ESRD requiring 
dialysis. The use of ACE inhibitors was common and initially resulted in some decrease 
in the level of proteinuria, but at the end of 1 yr of follow-up, proteinuria had returned 
to the same level as at baseline. The loss of antiproteinuric effect of ACE inhibitors 
coincided with an increase in body weight at follow-up. The risk of progressive loss of 
renal function correlated with baseline creatinine and creatinine clearance. 

By contrast, in the study by Kambham et al. (8) (larger number of patients but shorter 
follow-up), only 3.4% progressed to ESRD. The use of ACE inhibitors was associated 
with a decline in the amount of proteinuria. Five patients were able to lose weight by 
10-36% of their original weight. Those patients exhibited a reduction in proteinuria by 
at least 50% and in one case by 75%. Predictors of poor outcome were the initial serum 
creatinine and severity of proteinuria. 

Adelman et al. (64) described seven African American adolescents with severe obe- 
sity (average BMI = 46) who presented with proteinuria and had typical biopsy find- 
ings of glomerular hypertrophy, FSGS, increased mesangial matrix, and relative foot 
process preservation. One patient had dramatically reduced proteinuria with weight 
reduction, and one 15-yr-old patient developed ESRD. Although ACE inhibitors 
reduced proteinuria in three patients, the long-term benefit remained unclear. 

Note that the development of proteinuria, the amount of proteinuria, and the response of 
proteinuria to various therapies are all considered powerful determinants of the rate of pro- 
gression of renal disease. Proteinuria not only is a marker of renal dysfunction; it also plays 
a pathogenic role in producing progressive fibrosis in the interstitium of the kidney and 
glomerulosclerosis. The uptake of filtered proteins by cells of the proximal tubule results in 
the generation of cytokines resulting in an inflammatory milieu in the surrounding renal 
parenchyma. This adds to the burden of glomerulosclerosis and dropout of nephrons. The 
amount of proteinuria correlates with the rate of loss of renal function. For every gram of 
urinary protein excreted per day, the risk of end-stage kidney disease increases fivefold 
(65). The percentage reduction of proteinuria by pharmacological therapies correlates with 
a reduction in the risk of developing end-stage kidney disease or a doubling of serum crea- 
tinine. Indeed, there is recent evidence that the renoprotective effect of angiotensin receptor 
blockers is totally explained by their ability to reduce proteinuria (66). 

Obesity as a Risk Factor for Progression of Preexisting 
Chronic Kidney Disease 

Whereas most patients reported with obesity-related glomerulopathy have had no other 
underlying condition, some reports suggest that obesity may be an additive risk factor in 
patients with preexisting conditions such as reduced renal mass or chronic nephritis. 

UNILATERAL NEPHRECTOMY 

Praga et al. (67) studied 73 patients who had undergone unilateral nephrectomy. On 
follow-up, 72% of patients had normal renal function, whereas the remaining 28% had 
proteinuria, averaging 3.4 g/d, of whom over half also had renal insufficiency. 
Proteinuria was related directly to BMI. The group with proteinuria had a significantly 
higher BMI. Among 14 patients with a BMI >30 kg/m 2, 92% developed proteinuria or 
renal insufficiency, whereas among 59 patients with a BMI <30 kg/m 2, only 12% developed 
such complications. This observation suggests that obesity is a risk factor for new-onset 
proteinuria and the development of chronic renal insufficiency when renal function is 
reduced anatomically. 
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IMMUNOGLOBULIN A NEPHROPATHY 

Bonnet et al. (68) examined excess body weight as a risk factor for disease progres- 
sion in 162 patients with primary immunoglobulin A nephropathy. Overweight patients 
(BMI = 42.5 kg/m e) had more proteinuria, arterial hypertension, and more advanced 
biopsy findings than those without excess weight. When followed for a mean of 46 mo 
after initial biopsy, overweight patients had a worse survival curve than those who were 
not overweight. BMI was an independent risk factor along with hypertension and initial 
biopsy score. 

DIABETIC/HYPERTENSIVE NEPHROSCLEROSIS 

In the United Kingdom Prospective Diabetes Study, the risk of microalbuminuria 
increased with increased BP, hemoglobin Alc, triglycerides, and non-Caucasian ethnic- 
ity. However, it was also shown that each 0.1 unit increase in waist-to-hip ratio was 
associated with a further 15% increase in risk (69). In addition, BMI was associated 
with an increased risk of chronic kidney disease (70). However, the relation appeared to 
be limited to morbid obesity (BMI _ 35 kg/m 2) and was felt to be largely mediated by 
diabetes and hypertension because adjustment for these conditions significantly 
decreased the relative risk. 

Obesity and Renal Cell Cancer 
Obesity has been associated with an increased risk of renal cell cancer. Bergstrom et al. 

(71) reviewed 22 studies from 1966 to 1998 examining body weight in relation to kid- 
ney cancer and found that increased BMI was strongly associated with an increased 
risk among both men and women. Chow et al. (72) examined the health records of 
363,000 Swedish men entering the study at an average age of 44 yr and followed these 
subjects for an average of 16 yr. Higher BMI and elevated BP independently increased 
the risk of renal cancer. Compared with men in the lowest three-eighths of the cohort 
for BMI, those in the middle three-eighths had a 30-60% greater risk of renal cancer 
and those in the highest two-eighths had nearly double the risk. 

M A N A G E M E N T  

Impact of Weight Reduction 
Weight management is considered the most beneficial strategy for controlling BP in 

obese hypertensive patients. It is also believed to be a key tool in the management of 
proteinuria and glomerulosclerosis of obesity. Furthermore, it ameliorates associated 
cardiovascular risk factors such as hyperlipidemia and insulin resistance. Weight man- 
agement can be achieved by calorie restriction through diet, increased physical activity, 
or pharmacological and surgical interventions. 

DIET 

Morales et al. (73) investigated the effect of weight loss (through a low-calorie normo- 
protein diet) in 30 overweight patients (BMI > 27) with chronic proteinuric nephropathies 
of different etiologies. Over the course of 5 mo, a significant decrease in body weight and 
BMI was associated with a significant reduction in the amount of proteinuria compared to 
baseline and to a non-weight-losing control group. There was a significant positive corre- 
lation between the amount of weight loss and the extent of proteinuria reduction. Although 
changes in renal function did not differ significantly between the groups, there was a 
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trend toward worsening in the control group whereas renal function remained stable in 
the diet group. There is also strong evidence for the beneficial effect of weight reduction 
on BP control (74-76). There is a dose response relation between the degree of weight 
loss and the reduction in BP (77) independent of sodium intake (78). 

Many consider obesity a sodium-sensitive form of hypertension (see above). Sodium 
restriction was shown to reduce BP modestly in obese individuals (77). This was fur- 
ther reinforced recently in a trial in obese postmenopausal women (79) in whom mod- 
est sodium restriction resulted in a dramatic reduction in systolic BP (=16 mmHg). 

SURGERY 

Obesity surgery has gained increasing popularity as a therapy for severe forms of 
obesity. Little information is available on the impact of such surgery on renal function 
and/or long-term BP control. Among subjects with severe obesity (BMI = 48 _+ 2.4 kg/m 2) 
and no overt renal disease, weight reduction at 1 yr after gastroplasty resulted in a sig- 
nificant reduction in obesity-related hyperfiltration, microalbuminuria, BP and renal 
plasma flow (80). Another study among 40 morbidly obese patients found that a reduc- 
tion in BMI from 52.3 to 34.4 kg/m 2 through vertical band gastroplasty significantly 
improved control of hypertension at 27 mo of follow-up. Hypertension disappeared or 
improved in 86% of patients (81). However, the long-term effect of surgery-induced 
weight loss on BP might not be as impressive. The Swedish Obese Subjects study, the 
largest study on obesity surgery and its effect on obesity-related comorbidities, demon- 
strated no effect of significant weight reduction on the development of hypertension at 
8 yr of follow-up (82). 

Pharmacological Interventions to Correct Hyperfiltration and Retard 
Progression of Chronic Kidney Disease in Obesity 

Prevention and treatment of obesity-associated renal disease should be aimed at nor- 
malizing glomerular hydrostatic pressure, as well as systemic arterial pressure. 
Adequate control of BP may be as effective or even more effective than adequate con- 
trol of plasma glucose in obese patients with type 2 diabetes in preventing the develop- 
ment of serious kidney disease (83). The RAS is generally regarded as playing a 
pathogenetic role in the development of progressive renal insufficiency. Both hemody- 
namic and nonhemodynamic effects play a role. ACE inhibitors and angiotensin recep- 
tor antagonists have been studied in large prospective randomized clinical trials in 
which their efficacy in renal protection was established (84). Although these studies did 
not prospectively stratify the populations on the basis of weight, post hoc subgroup 
analysis indicated similar benefits in obese compared with nonobese patients. 

The use of diuretics is invariably necessary to control BP in obese subjects with or 
without diabetes. As previously noted, volume expansion secondary to sodium reten- 
tion contributes importantly to the hypertension of obesity. The use of diuretics should 
always be accompanied by sodium restriction for effective antihypertensive efficacy. 

Recently, the selective aldosterone antagonist Eplerenone was also shown to attenuate 
glomerular hyperfiltration, sodium retention, and hypertension associated with chronic 
dietary-induced obesity in dogs (85). This effect was dependent on the BP-lowering 
effect of Eplerenone. Similarly, PPAR 7 agonists have been shown to have a renoprotec- 
tive effect in obese diabetic rats (50) as well as retard development of obesity-related 
hypertension in Sprague-Dawley hypertensive rats (50,86). These effects were thought 
to be related to both an insulin-sensitizing action and a possible direct renal action. 
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I N T R O D U C T I O N  

Diabetic peripheral neuropathy is the most prevalent peripheral neuropathy in the 
Western world. It has been reported to affect nearly 50% of people with diabetes (1,2). 
It is responsible for a significant proportion of the mortality and morbidity that accom- 
pany diabetes and ranks third in lifetime expenditures associated with diabetic compli- 
cations (3). Diabetic peripheral neuropathy was until recently thought to be a late 
complication of diabetes; however, there is growing evidence that neuropathy may be 
associated with glucose intolerance and may even be the presenting symptom of dia- 
betes (4-6). Diabetes affects the peripheral nervous system in at least four distinctive 
patterns (see Table 1). Chronic, distal sensory-motor polyneuropathy, referred to as dia- 
betic neuropathy, is the most common. However, there are acute forms of diabetic neu- 
ropathy and various focal syndromes. 

C H R O N I C  DIABETIC POLYNEUROPATHY 

Epidemiology 
Chronic diabetic polyneuropathy is the most common of the diabetic neuropathies. 

Epidemiological studies suggest that the prevalence of diabetic polyneuropathy ranges 
from 5 to 93% among patients with diabetes. The wide range is related to the population 
under study and to the diagnostic criteria, especially whether neuropathy is defined as 
symptomatic or presymptomatic. In a large population-based epidemiological study, 
Pirart (I) followed a cohort of 4400 patients from 1947 to 1978 and found evidence of 
neuropathy using clinical criteria in 7.5% of patients at the time of diagnosis. The 
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Table 1 
Classification of Diabetic Neuropathies 

Chronic diabetic polyneuropathy 
Mixed sensory-motor-autonomic 
Variants 

Predominantly sensory 
Small-fiber sensory polyneuropathy 
Large-fiber sensory polyneuropathy 

Autonomic polyneuropathy 
Polyneuropathy with prominent demyelination 

Acute diabetic polyneuropathy 
Acute painful diabetic neuropathy (with worsening diabetic control) 
Insulin neuritis (with improved control) 

Proximal diabetic neuropathy (diabetic amyotrophy) 
Diabetic radiculopathies and mononeuropathies 

Multisegmental truncal radiculoneuropathy 
Limb mononeuropathies 

Resulting from diabetes 
Focal compression neuropathies 

Cranial neuropathies 

prevalence of neuropathy increased to 50% after 25 yr of follow-up. More recently, in a 
controlled, longitudinal study of 132 patients with type 2 diabetes, Partanen et al. (7) doc- 
umented the progression of polyneuropathy. The prevalence of nerve conduction abnor- 
malities in the legs and feet increased from 8.3% at baseline to 16.7% after 5 yr and to 
41.9% after 10 yr (7). Polyneuropathy is associated with older age, other microvascular 
complications, duration of diabetes, height, background, proliferative retinopathy, and 
smoking (8). Lipid abnormalities such as elevated fasting triglycerides and abnormal 
high-density lipoprotein levels are associated with diabetic peripheral neuropathy in some 
(8,9) but not all (10) studies. There is some evidence that obesity may be a risk factor for 
polyneuropathy in patients with diabetes. This may be indirect, such as via the adverse 
effect of obesity on lipid profiles or other risk factors; however there may be an independ- 
ent effect of obesity as well. Controlling for other known risk factors, Straub et al. found 
that obese patients with noninsulin-dependent diabetes mellitus had worse scores on a 
neuropathy assessment and an autonomic function test than lean patients (11). 

Clinical Features 
Chronic diabetic polyneuropathy is a slowly progressive, distal, axonal polyneuropathy 

without distinguishing features. Both large and small myelinated and unmyelinated 
nerve fibers are affected; however, diabetic polyneuropathy usually presents clinically 
as a sensory or a sensory > motor  polyneuropathy. In cases in which only sensory 
symptoms and signs are clinically apparent, electrophysiological testing will often 
reveal motor involvement. Overt autonomic symptoms are rare until the neuropathy is 
advanced, but subclinical autonomic involvement is common. Typically, numbness and 
paresthesias begin in the toes and gradually and insidiously ascend to involve the feet 
and lower legs. Because the distal portions of longer nerves are affected first, the feet 
and lower legs are involved before the hands, producing the typical "stocking and glove" 
pattern of sensory deficit. Neuropathic pain in the feet is a common accompaniment.  
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Mild distal weakness of the lower extremities usually follows sensory symptoms and 
signs, but significant weakness and atrophy are present only in advanced polyneuropa- 
thy. In most cases ankle reflexes are lost, but more diffuse areflexia occurs only in 
advanced cases. The symptoms of diabetic polyneuropathy are typically more severe at 
night. In some cases, there is preferential involvement of a particular group of fibers, 
leading to variant presentations, which are discussed next. 

PREDOMINANTLY SENSORY POLYNEUROPATHY 

The most common subgroup of diabetic polyneuropathy is characterized by selective 
small-fiber involvement. Features characteristic of a small-fiber peripheral neuropathy 
include burning pain, paresthesias and dysesthesias, and deficits in pain and tempera- 
ture perception, with relative sparing of proprioception and reflexes. There is often 
dysautonomia owing to coexistent involvement of autonomic fibers. Foot ulceration 
and Charcot joints can occur with any type of generalized polyneuropathy, although 
there is a predisposition to these complications with small-fiber polyneuropathy 
because of the background insensitivity to pain. Impaired proprioception and atrophy 
of intrinsic foot muscles, with consequent maldistribution of weight beating, disturbed 
sweating, impaired capillary blood flow caused by autonomic neuropathy, and nonin- 
flammatory edema, further increase the predisposition to ulceration (12-15). 

A smaller number of patients have a variant involving predominantly large sensory 
fibers. Here, there is early loss of position and vibration perception sense, manifested 
as impaired balance, and widespread loss of deep tendon reflexes. Diabetes is not 
believed to cause a selective motor neuropathy. When a patient with diabetes has sig- 
nificant weakness, diagnostic considerations include proximal diabetic neuropathy, 
acquired demyelinating polyneuropathy, anterior horn cell loss from recurring treatment- 
induced hypoglycemia, and coincidental motor neuronopathy. 

AUTONOMIC POLYNEUROPATHY 

A small number of patients have a predominantly autonomic diabetic polyneuropa- 
thy. This variant occurs disproportionately in young patients with type 1 diabetes. 
Classic symptoms include gastroparesis; constipation or diabetic diarrhea; incomplete 
bladder emptying; impotence; resting tachycardia; orthostatic hypotension; and sudo- 
motor dysfunction, including gustatory sweating and hyper- or anhidrosis. Autonomic 
neuropathy may be associated with hypoglycemic unawareness. Usually there is a coex- 
isting sensory polyneuropathy (16). If the duration of diabetes is less than expected for 
the severity of autonomic dysfunction, amyloidosis and other causes of dysautonomia 
must be considered. 

POLYNEUROPATHY WITH PROMINENT DEMYELINATION 

Segmental demyelination is not usually a feature of diabetic polyneuropathy. 
However, several investigators have drawn attention to the association between chronic 
inflammatory demyelinating polyradiculoneuropathy (CIDP) and diabetes (17-19). 
The typical presentation of CIDP appears similar in those with and without diabetes 
and includes numbness and paresthesias of the feet and hands, symmetrical proximal 
and distal weakness, and global hypo- or areflexia. Primary demyelination and conduc- 
tion block are seen on nerve conduction studies and demyelination on nerve biopsy. 
The clinical progression is characteristically more rapid than chronic diabetic polyneu- 
ropathy and weakness is often more prominent. The distinction is important to make 
because CIDP often responds to immunomodulatory treatment (17-20). 
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Table 2 
Possible Pathogenic Mechanisms in Diabetic Polyneuropathy 

Direct glucose neurotoxicity 
Metabolic derangements 

Polyol pathway activation 
Reduced N+/K ÷ ATPase 
Abnormal glycation and glycosylation of proteins 
Slowed axonal transport 
Reactive oxygen species formation 
PKC activation 
Abnormal lipid metabolism 

Microvascular abnormalities 
Decreased prostaglandins 
Decreased nerve blood flow 
Endoneurial ischemia 

NGF deficiency 
Autoimmune-mediated neurotoxicity 

PATHOGENESIS 

The pathophysiological basis of chronic diabetic polyneuropathy remains uncertain, 
and it is likely that multiple interacting factors play a role. The strongest evidence that 
polyneuropathy is owing to hyperglycemia, rather than other primary pathogenic fac- 
tors in diabetes, comes from the success of glycemic treatment in preventing polyneu- 
ropathy (21). There are a large number of potential mechanisms by which chronic 
hyperglycemia could lead to neuropathy (Table 2). 

Elevated blood glucose may be directly toxic to the nerves; intravenous infusions of 
glucose have been shown to increase neuropathic pain (22). Hyperglycemia may also 
injure nerves by a number of indirect mechanisms. Hyperglycemia causes activation of 
the polyol pathway, leading to the conversion of glucose into sorbitol by aldose reduc- 
tase. The accumulation of the organic osmolyte sorbitol leads to compensatory deple- 
tion of other intercellular osmolytes such as myoinositol and taurine, which, in turn, 
leads to reduced Na+/K + adenosine triphosphatase (ATPase) activity (23). 

The polyol pathway also generates fructose, which, together with several other com- 
pounds, such as glucose, glucose-6-phosphate, and galactose, stimulates nonenzymatic 
glycation, another metabolic effect of hyperglycemia. In this process, reducing sugars 
form reversible glycosylation products with proteins, some of which rearrange to form 
irreversible advanced glycosylation end products (AGEs). These AGEs can crosslink 
proteins, including neurofilaments and basement membrane components (24). 

The vascular abnormalities observed in patients with diabetic polyneuropathy 
include basement membrane thickening, endothelial hyperplasia, endothelial dysfunc- 
tion, increased expression of endothelin, and alterations in vascular endothelial growth 
factor expression (25,26). Pathological studies of proximal and distal segments of nerve 
in diabetic polyneuropathy have shown multifocal fiber loss along the length of the 
nerves, suggesting ischemia as a pathogenetic contributor (27). 

Vascular and metabolic mechanisms likely interact; hyperglycemia has been shown 
to have a number of deleterious effects on blood vessels. For example, the polyol 
pathway has been shown to consume nicotinamide adenine dinucleotide phosphate, 
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reducing its availability for nitric oxide (NO) synthase; reduced bioavailability of NO 
can cause nerve ischemia in animal models of diabetes. Vessel wall matrix proteins 
may be affected by nonenzymatic glycation. Hyperglycemia can lead to increased 
oxidative stress with production of superoxides and NO. These substances can inter- 
act, leading to protein nitration or nitrosylation, lipid peroxidation, DNA damage, and 
endothelial and neuronal cell death. Superoxides also lead to activation of protein 
kinase C (PKC), which induces vasoconstriction and reduces neuronal blood flow 
(28,29). Hyperglycemia may also cause polyadenosine diphosphate ribosylation deple- 
tion of adenosine triphosphate resulting in cell necrosis and activation of genes 
involved in endothelial cell damage (30,31). 

Additional mechanisms may play a role in the pathogenesis of diabetic neuropathy 
as well. Nerve growth factors (NGFs) are suppressed in diabetes (32). Immunological 
mechanisms are suggested by the circulating antineuronal antibodies found in some 
patients with diabetes and the inflammatory cells observed in the nerves of diabetic 
patients with neuropathy (33). 

The recent finding that neuropathy can be seen with impaired glucose tolerance 
(IGT) as well as frank diabetes suggests that nerve injury from hyperglycemia may lie 
on a continuum and that prolonged exposure to high levels of glucose may not be nec- 
essary. Recent studies have shown that approx 35% of patients with idiopathic neuropa- 
thy have IGT, an incidence much greater than that seen in historical control subjects 
without neuropathy (6,34). 

Reduced intraepidermal nerve fiber density on skin biopsy is found in subjects with 
neuropathy associated with both IGT and diabetes (35). Sumner et al. (36) showed that 
the neuropathy associated with IGT is less severe (based on electrophysiological meas- 
urements and intraepidermal nerve fiber densities) than that seen with diabetes, sug- 
gesting progressive injury to nerves with worsening glucose dysmetabolism. 

The results of the Diabetes Control and Complications Trial (DCCT) showing that 
intensive insulin therapy instituted before development of retinopathy or albuminuria can 
reduce the appearance of neuropathy significantly compared with conventional insulin 
therapy also supports that early impaired glycemic control is toxic to the nerves (37). IGT 
is part of the syndrome of insulin resistance, which also includes obesity, hyperlipidemia, 
and increased risk of large-vessel atherosclerotic disease. Whether or not other markers of 
this syndrome, such as hyperlipidemia, are increased in patients with polyneuropathy is 
unclear, with the published evidence conflicting (38,39). Whether other pathophysiological 
pathways of nerve injury beyond those associated with hyperglycemia itself are involved 
in the neuropathy associated with IGT has still not been elucidated. 

DIAGNOSIS AND EVALUATION OF NEUROPATHY 

History and Examination 
For the patient with known diabetes, a diagnosis of diabetic polyneuropathy can often 

be made on clinical grounds alone when the history and examination are typical. It is our 
practice to consider other causes of polyneuropathy before assuming diabetes as the 
cause. It is necessary to ask about any exposure to neurotoxins, and whether there is a 
history of other systemic disorders; including uremia; a possible dietary deficiency; or a 
family history of neuropathy. Clues that a patient's neuropathy may not be from diabetes 
alone include non-length-dependent sensory loss; stepwise, multifocal nerve involve- 
ment; weakness without sensory loss; bulbar or proximal weakness without advanced 
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distal weakness; neuropathy of a severity beyond that expected for the patient's degree 
of diabetes; and disproportionate loss of reflexes suggesting demyelination. 

Conversely, diabetes and IGT should be looked for in all patients with a newly diag- 
nosed axonal polyneuropathy. The 2-h glucose tolerance test is recommended as a 
screen for IGT in patients with neuropathy given the insensitivity of the hemoglobin 
A1C as a screening test and the data showing that use of IFG underestimates the preva- 
lence of impaired glucose regulation in population studies (4). 

Although a careful sensory examination is usually adequate to assess sensory loss in 
the patient with suspected polyneuropathy, there are quantitative measures of sensory 
function that can be useful when more objective evidence of sensory deficit will help in 
the diagnosis or in following an individual patient. These include the assessment of 
touch perception with calibrated filaments and the use of calibrated vibrating rods. 
Various standardized scales incorporating elements of the history and physical exami- 
nation are available to aid in the diagnosis and staging of polyneuropathy; these include 
the Neuropathy Impairment Score (2), the Michigan Neuropathy Screening Instrument, 
and the Michigan Diabetic Neuropathy Score (40). 

Quantitative Sensory Testing 
Quantitative sensory testing (QST) is now available in many clinical settings and 

allows determination of the absolute sensory threshold to various stimulus modalities 
(41,42). QST may be helpful in screening for mild neuropathy in which there are few 
symptoms or signs. It also provides objective assessment of small-fiber sensory func- 
tion; this class of fibers is inaccessible to evaluation with standard nerve conduction 
studies. QST abnormalities correlate well with the presence of neuropathy in diabetic 
populations (2) and in individual patients. 

Electrophysiological Testing 
Nerve conduction studies and electromyography are not always necessary in patients 

with a history and physical examination consistent with diabetic polyneuropathy. These 
are useful in excluding other causes of a patient's symptoms, such as differentiating 
polyneuropathy from lumbosacral polyradiculopathy in a diabetic patient with severe 
degenerative spine disease. They are also useful in differentiating a demyelinating 
polyneuropathy from the predominantly axonal neuropathy of diabetes; demyelinating 
neuropathy should be suspected in patients with proximal weakness, global areflexia in 
the absence of severe weakness, and weakness in the absence of muscle atrophy. These 
studies can also be helpful in diagnosing superimposed compressive neuropathies in 
patients with underlying polyneuropathy, such as in sorting out whether intermittent hand 
numbness is owing to polyneuropathy or a superimposed carpal tunnel syndrome (43). 

Autonomic Testing 
Autonomic testing can be used to confirm a clinical suspicion of autonomic neu- 

ropathy. Autonomic testing consists of a variety of techniques for assessing the small 
myelinated and unmyelinated fibers of the sympathetic and parasympathetic autonomic 
nervous systems. The most commonly used techniques involve measures of cardiovas- 
cular influences on heart rate and blood pressure (BP). These include the Valsalva 
maneuver, heart rate response to deep breathing, heart rate response to standing up, BP 
response to standing up, and BP response to sustained handgrip. Sudomotor sympa- 
thetic function can be evaluated with the quantitative sudomotor axon reflex test, sweat 
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imprint quantitation, thermoregulatory sweat testing, and the sympathetic skin response. 
Skin vasoconstrictor reflexes are produced by various maneuvers, such as Valsalva, and 
the resultant change in microvascular skin flow can be measured with laser Doppler 
flowmetry (16,44). Abnormalities on tests of autonomic function are correlated with 
the duration of diabetes and severity of polyneuropathy (45). 

Nerve Biopsy and Skin Biopsy 
Standard sural nerve biopsy is not necessary in the routine evaluation of the patient 

with suspected diabetic polyneuropathy. It is useful primarily in variant presentations 
of neuropathy in diabetics to exclude an alternative cause such as vasculitis or amyloi- 
dosis. Nerve biopsies in diabetic polyneuropathy show loss of both large- and small- 
caliber axons. Endoneurial capillaries are thickened and microvascular occlusions can 
be seen. Segmental demyelination is a rare finding (25,46). 

Skin biopsy for intraepidermal nerve fiber (IENF) density analysis is a relatively 
new technique. It provides information about the loss of both myelinated and unmyeli- 
nated nerve fibers and can be uniquely helpful in demonstrating axon loss in pure small- 
fiber polyneuropathies for which routine nerve conduction studies are normal (47). 
IENF density in skin biopsies from distal leg sites has been shown to correlate with the 
densities of sural nerve total myelinated, small myelinated, and large myelinated fibers 
in patients with neuropathy (48). 

MANAGEMENT OF C H R O N I C  DIABETIC POLYNEUROPATHY 

Treatment of Hyperglycemia 
Management of diabetic neuropathy begins with treatment of hyperglycemia. There 

is unequivocal evidence, based on multicenter, randomized, controlled trials, support- 
ing strict control of blood glucose levels in patients with or without diabetic neuropathy 
(21,49-54). In a groundbreaking study, the DCCT unquestionably established the 
necessity of meticulous control of hyperglycemia. Intensive therapy significantly 
reduced the development of confirmed clinical neuropathy by 64% in the combined 
cohorts after 5 yr of follow-up; five percent of the intensive therapy group developed a 
confirmed clinical neuropathy compared with 13% of the conventional therapy group. 
The prevalence of nerve conduction abnormalities was reduced by 44%; twenty-six 
percent of the intensive treatment group developed abnormal nerve conductions com- 
pared with 46% of the conventional treatment group (21,37,55). 

There are also data supporting the benefits of meticulous control of hyperglycemia 
in type 2 diabetes. A similar, although smaller, trial was conducted in Kumamoto, 
Japan. One hundred ten Japanese patients with type 2 diabetes were randomly assigned 
to receive multiple or conventional insulin injections. After 6 yr, the intensively treated 
cohort showed significant improvement in nerve conduction velocities, whereas the 
conventionally treated group showed significant deterioration in the median nerve con- 
duction velocities and vibration threshold (50). Intensive glycemic control slows the 
development of autonomic neuropathy, as well (54), 

Pancreatic transplantation in humans and animal models of diabetes restores the 
euglycemic state and obviates the need for exogenous insulin. Results from several 
centers have consistently reported that pancreatic transplantation in patients with well- 
established diabetes improves nerve conduction velocities, small- and large-fiber sen- 
sory thresholds, and measures of somatosensory and autonomic function (56-62). 
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Treatment of Metabolic Abnormalities 
Based on the understanding of the pathogenesis of diabetic peripheral neuropathy, a 

number of different agents from diverse chemical classes have entered clinical trials. 
Although some of these agents have shown promise in clinical trials, none is approved 
for clinical use. 

Aldose reductase inhibitors have been extensively studied, because they prevent acti- 
vation of the polyol pathway. Large multicenter studies of several agents have shown 
some improvements in autonomic function or nerve conduction velocity slowing, but 
did not show a clinically meaningful effect. 

Despite early data that recombinant human NGF might improve neuropathy, a 
larger phase III trial was not able to confirm a beneficial effect (63). Trials of dietary 
supplementation with myoinositol, evening primrose oil, thiamine, vitamin B 12, and 
pantothenic acid have been disappointing. Treatment with 7-1inoleic acid has been 
shown to improve nerve conduction studies, but trials to show a clinically meaning- 
ful benefit have not been performed (64,65). Clinical studies of several antioxidants 
have shown promise. A randomized study of t~-lipoic acid given intravenously for 3 wk 
showed improvement in neuropathic symptoms and a meta-analysis of oc-lipoic acid 
used over 3 wk suggested benefit (66,67). A large multi-center trial with this agent 
is currently in progress. Although a small study of vitamin E supplementation 
showed improvement in nerve conduction study parameters (68), there are no con- 
vincing clinical trials providing evidence for the efficacy of supplementation with 
vitamin E, vitamin C, or other antioxidants in diabetic polyneuropathy. 

Symptomatic Treatment of Pain 
Pain is one of the more distressing and difficult to manage symptoms of diabetic 

neuropathy. Patients with diabetes experience spontaneous and stimulus-evoked pain. 
Hyperalgesia and allodynia are frequently present by history and on examination. 
The pathophysiological basis for the pain of diabetic neuropathy has not been estab- 
lished. Several investigators have attempted to define the structural basis of painful 
diabetic polyneuropathy. Morphological abnormalities that have been associated with 
neuropathic pain include axonal sprouting, acute axonal degeneration, active degenera- 
tion of myelinated fibers, and disproportionate loss of large-caliber nerve fibers. Recent 
controlled studies, however, have failed to support these associations consistently 
(69, 70). 

Treatment of pain requires attempts at strict control of blood glucose levels, because 
there is evidence that hyperglycemia may reduce the pain threshold (22, 71). A variety 
of agents from diverse pharmacological classes have been used to treat neuropathic 
pain (72). These include tricyclic antidepressants (73, 74), serotonin and norepinephrine 
uptake inhibitors (75), first (76) and second-generation anticonvulsants (77-80), and 
opioids (81,82). Table 3 provides some commonly used medications and dosing regi- 
mens. Because the pain of diabetic neuropathy is characteristically worse at night, regular 
dosing of medication in the evening may reduce analgesic requirements at night and 
improve sleep. 

Symptomatic Treatment of Autonomic Dysfunction 
Orthostatic hypotension can be treated in a stepwise fashion, depending on severity, 

with a high-salt diet and compression stockings, the use of 9-ct-fluorohydrocortisone 
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Table 3 
Medications for Neuropathic Pain 

Agent Initial dose Dose increment Usual effective dose 

Antidepressants 
Tricyclics 
Venlafaxine 
Duloxetine 
Paroxetine 

Anticonvulsants 
Gabapentin 

Pregabalin 

Carbamazepine 

Lamotrigine 
Topiramate 

Analgesics 
Tramadol 

Oxycodone CR 
Other agents 

Mexilitene 

Capsaicin cream 
5% Lidocaine 

patch 

10-25 mg every night 
37.5 mg every day 
20 mg twice daily 
10 mg every day 

100-300 mg 
every night 

75 mg twice daily 

100 mg twice daily 

25 mg every day 
25 mg twice daily 

50 mg every day 

10 mg every day 

150 mg every day 

0.075% four times daily 
Maximum of 3 

patches every day 

10-25 mg/wk 
75 mg every wk 
20 mg every wk 
10 mg every 3 wk 

300 mg every 3-5 d 

150 mg every wk 

200 mg every 
1-2 wk 

25-50 mg every wk 
50 mg every wk 

50 mg every day 

10 mg every wk 

150 mg every wk 

None needed 
None needed 

25-150 mg/d 
75-150 mg twice daily 
60 mg/d 
20-60 mg/d 

300-1800 mg three 
times daily 

50-100 mg three 
times daily 

200-400 mg three 
times daily 

100-200 mg twice daily 
100-200 mg twice daily 

50-100 mg four 
times daily 

20-40 mg twice daily 

150-300 mg three 
times daily 

0.075% four times daily 
Maximum of 3 patches 

every day 

(0.1-0.5 mg daily) to expand intravascular volume, and the use of the peripherally acting 
c~-agonist midodrine (2.5-10 mg three times a day). These therapies carry a risk of induc- 
ing supine hypertension, so patients should sleep with the head of the bed elevated 15-30 ° . 

Treatment of gastroparesis involves optimizing blood glucose control, which 
improves gastric motility. Patients should eat multiple small meals per day. Prokinetic 
agents used to treat diabetic gastropathy include metoclopramide (10 mg orally 30 min 
before meals), domperidone (10-20 mg four times a day), erythromycin (250 mg three 
times a day, and levosulpiride (25 mg three times daily) (16). 

Treatments for impotence owing to autonomic neuropathy include sildenafil (50 mg), 
a phosphodiesterase inhibitor that enhances blood flow to the corpora cavernosae with 
sexual stimulation. Tadalafil (20 mg) (83) and vardenafil (20 mg) (84) are also effective 
in >60% of diabetic patients with erectile dysfunction. Other therapies include the 
injection of vasoactive substances such as papaverine, and the use of mechanical vac- 
uum devices or penile constricting rings. 

Patients with a neurogenic bladder owing to a diabetic autonomic neuropathy should 
be taught to initiate micturition with a Cred6 maneuver every 4 h. Parasympathomimetic 
agonists such as bethanechol (10-30 mg three times a day) are sometimes helpful. 
Intermittent self-catheterization can also be used. 

Gustatory sweating may respond to anticholinergic agents (85) and to injections of 
botulinum toxin type A (86). 



342 Nardin and Freeman 

ACUTE DIABETIC POLYNEUROPATHY 

Patients with diabetes may develop an acute, rapidly progressive, painful polyneu- 
ropathy associated with weight loss (87). In this condition, there is a sudden appear- 
ance of severe burning pain in the extremities, combined with deep aching pain in 
proximal muscles; jabs of pain radiating from the feet to the legs; and striking hyper- 
sensitivity or allodynia of the extremities and trunk to touch, clothing, or bed sheets 
that is often likened to sunburn. Neuropathic pain and cutaneous hypersensitivity over- 
shadow sensory loss, which may be minor on examination. Patients with this condition 
may appear ill and acutely overwhelmed by pain, distinguishing them from patients 
who are newly aware of chronic polyneuropathy. Acute diabetic polyneuropathy occurs 
after a change in glycemic control and is given different names, depending on the trig- 
gering event. 

One form, sometimes called "insulin neuritis," appears for the first time coincident 
with improved glycemic control owing to treatment with insulin or oral hypoglycemic 
agents, or to weight loss (88-90). Although the cause is unknown, one hypothesis is 
that the normalization of blood sugar after prolonged hyperglycemia could result in 
energy deprivation in nerves that had shifted to anaerobic metabolism in a glucose-rich 
environment. 

A second form, called acute painful diabetic neuropathy or diabetic neuropathic 
cachexia, is associated with poor diabetic control. It is seen primarily in men with 
poorly controlled type 2 diabetes and is associated with anorexia and unintentional 
weight loss (91). It is distinct from the phenomenon of widespread paresthesias of the 
extremities and trunk, referred to as hyperglycemic neuropathy, that occasionally occur 
in patients with newly diagnosed or poorly controlled diabetes. These symptoms of 
hyperglycemic neuropathy are rapidly corrected with the institution of normoglycemia 
(92). This is in contrast to the course of both forms of acute diabetic polyneuropathy, in 
which improvement occurs slowly over months, perhaps as axonal regrowth occurs. 
Although pain improves, an underlying polyneuropathy remains. 

PROXIMAL DIABETIC NEUROPATHY 

Proximal diabetic neuropathy, also called proximal motor neuropathy, diabetic 
polyradiculopathy (93), diabetic amyotrophy, and diabetic lumbosacral radiculoplexus 
neuropathy (94), is much less common than chronic diabetic polyneuropathy, with a 
prevalence estimated at 0.8%. It is more common in men than women and typically 
occurs with a peak incidence in the sixth decade in patients with type 2 diabetes, usu- 
ally after a period of poorly controlled hyperglycemia (95). Anorexia and substantial 
weight loss usually occur before or during the syndrome. Blood glucose may normalize 
after weight loss, which can confuse the picture. 

The clinical picture is one of acute or subacute thigh and back pain, usually severe, fol- 
lowed within weeks by weakness and atrophy of lower-extremity muscles. The iliopsoas, 
quadriceps, and thigh adductors are usually involved. Distal muscles may also be weak, 
particularly peroneal-innervated muscles, but proximal muscles are always more affected 
than distal. Mild sensory loss or hyperesthesia may be seen over the anterior thigh in 
about half of patients (96,97). The knee jerk is nearly always reduced or absent on the 
affected side, whereas ankle jerks may be preserved unless compromised by a coexistent 
distal polyneuropathy. Symptoms usually begin unilaterally, but the opposite extremity 
can be affected within weeks to months (94). Recurrent episodes are uncommon (93,97). 
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The symptoms may have a monophasic or stepwise progression (98-100). The progres- 
sion of weakness most often occurs in two phases, with a rapid phase associated with 
pain followed by a slower phase that progresses over weeks or months (95). On occasion, 
patients can develop a similar disorder affecting the proximal upper extremity. 

The diagnosis of proximal diabetic neuropathy rests on the typical clinical presenta- 
tion. Electrophysiological studies can be helpful in demonstrating an axonal radiculo- 
plexopathy and in excluding an alternative cause of proximal weakness, such as CIDP, 
polymyositis, or motor neuron disease. Evidence of a distal polyneuropathy is found in 
the majority of patients as well (93,101). A lesion of the lumbar nerve roots should be 
excluded by magnetic resonance imaging (MRI) of the lumbar spine. Imaging of the 
pelvis and lumbosacral plexus should be done in patients with a history suggesting a 
risk of an alternative cause, such as anticoagulation or a history of cancer. Cerebrospinal 
fluid protein is usually elevated (101). Serum creatine kinase can be mildly elevated as 
seen in other denervating disorders. 

Recent studies have emphasized the likelihood that proximal diabetic neuropathy 
has an inflammatory basis (96,102), which has led to the use of immune-modulating 
therapies. Intravenous immunoglobulins, plasmapheresis, and oral and iv corticos- 
teroids have all been used in open-label uncontrolled studies (101-103). If immunother- 
apy is used, it makes theoretical sense to institute it early, during the period of presumed 
active inflammation. Because of reports that patients who regain lost weight improve 
faster than those who remain cachectic, patients should be encouraged to regain weight 
until they have recovered, even if this requires more intensive glucose therapy. The pain 
of proximal diabetic neuropathy can be severe and often requires treatment with nar- 
cotic analgesics. Assessment of the effects of treatments in uncontrolled trials is con- 
founded by the fact that the natural history of the disease is one of a phase of 
progression followed by improvement. One study suggests a mean time to the start of 
recovery of 3 mo, with a variance of 1-12 mo (97). Pain improves first, followed by 
gradual return of strength over a period of 6-18 mo (93,104,105). Improvement in 
strength occurs in a majority of patients but is often incomplete and significant weak- 
ness can persist (101). 

DIABETIC RADICULOPATHIES AND M O N O N E U R O P A T H I E S  

With the exception of secondary compressive mononeuropathies, the mononeu- 
ropathies and radiculopathies associated with diabetes tend to be acute or subacute in 
onset, often associated with pain. Like proximal diabetic neuropathy, they occur in 
middle or later life, often associated with recent weight loss, and can be the presenting 
feature of diabetes. They tend to spontaneously improve over 6-12 mo. These features 
have suggested an ischemic and possibly an inflammatory etiology. 

Truncal Radiculoneuropathy 
Truncal radiculoneuropathy is also called thoracic polyradiculopathy, truncal neu- 

ropathy, or diabetic thoracoabdominal neuropathy. It usually occurs in middle-aged 
patients and often in those who have relatively mild diabetes (106). It is characterized 
by the onset of pain, cutaneous hypersensitivity, sensory loss, and sometimes weakness 
in the distribution of one or more somatic nerves or roots (107,108). Onset of pain is 
usually acute, and the pain may be located in the back, chest, or abdomen, causing con- 
fusion with medical conditions such as myocardial ischemia and acute appendicitis. 
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The character of the pain is usually deep and aching with some elements of superficial 
sharp or burning pain. Focal muscle weakness affecting the abdominal wall may simu- 
late a hernia. Symptoms commonly appear during an episode of changing diabetic con- 
trol and are often associated with weight loss; occasionally, the disorder occurs 
simultaneously with proximal diabetic neuropathy (108). The diagnosis of diabetic 
truncal radiculoneuropathy is generally a clinical one, although most patients have 
abnormalities on electromyography consistent with a multisegmental disorder at the 
nerve roots, proximal intercostal and abdominal nerves, or both that can confirm the 
disorder (108,109). The symptoms usually progress over days to weeks. Remission of 
pain typically occurs within 4-12 mo, although cutaneous sensory loss may persist. 
The role of immunotherapies in this disorder is uncertain. 

Limb Mononeuropathies 
There are rare cases of acute, painful mononeuropathy in diabetes, likely on the basis 

of focal nerve infarction (110), Isolated femoral neuropathy, which was once thought to 
be a diabetic mononeuropathy, is now largely felt to be a variant of proximal diabetic 
neuropathy. Most diabetic mononeuropathies are the result of local nerve entrapment or 
compression. Patients with diabetes are considered more susceptible to focal compression 
neuropathies, which are clinically and electrophysiologically similar to those that develop 
in the absence of diabetes (111). 

Carpal tunnel syndrome caused by median-nerve entrapment in the wrist is particu- 
larly common among people with diabetes. Retrospective and population studies have 
shown an increased incidence of carpal tunnel syndrome in patients with diabetes 
(2,111,112). Dyck et al. (2) found asymptomatic median neuropathies at the wrist in 
32% of patients with diabetes and symptomatic median neuropathies at the wrist in 9%. 
Obesity may be an independent risk factor for carpal tunnel syndrome as well (113). 
The diagnosis of carpal tunnel syndrome is best made with nerve conduction studies, 
although the diagnostic challenges are greater in those with underlying polyneuropathy. 
The treatment of carpal tunnel syndrome is the same for patients with and without dia- 
betes and consists of neutral wrist splinting for early cases. Steroid injections into the 
carpal tunnel may provide temporary relief from symptoms but lead to increased hyper- 
glycemia and should be used with caution. Once there is evidence of axon loss from 
median-nerve compression, consideration should be given to surgical decompression. It 
is important to remember that if there is underlying polyneuropathy, decompression 
may not relieve acral numbness entirely. 

Ulnar mononeuropathy also occurs with greater frequency in diabetes, found in 
about 2% of patients, and is probably related to the position of the nerve at the elbow 
that renders it vulnerable to chronic trauma (2). Symptoms usually appear insidiously. 
There is usually progressive weakness and atrophy in ulnar-innervated hand muscles. 
Although some patients have sensory symptoms in the ring and small fingers, there 
may be no associated pain or numbness. The hand weakness from ulnar neuropathy 
needs to be differentiated from the distal weakness from polyneuropathy, in which 
median-innervated thenar muscles are also involved. Electrophysiological studies can 
be helpful in the diagnosis. Treatment is the same as in patients without diabetes, con- 
sisting of conservative measures early with elbow padding and splinting, and surgical 
decompression for more severe cases. 

Other mononeuropathies are rare in diabetes and may occur coincidentally. 
Peroneal mononeuropathy typically produces sudden painless foot drop usually owing 
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to compression of the nerve at the fibular head. Lateral femoral cutaneous neuropathy, or 
meralgia paresthetica, occurs in approx 1% of patients with diabetes, although obesity 
may be an alternative explanation in this population (2). Phrenic neuropathy resulting in 
diaphragmatic paralysis may occur rarely in patients with diabetes (114). 

Cranial Mononeuropathies 
The most common of diabetic cranial neuropathies affects the third and sixth cranial 

nerves (115,116), and the fourth cranial nerve is rarely affected alone (115). Unilateral 
oculomotor neuropathies are of sudden onset and are usually painful, with onset of 
diplopia progressing to complete ophthalmoplegia over several days. In cases of third- 
nerve involvement, there may be complete ptosis but the pupil is typically spared. 
Sparing of the pupil may be a consequence of the relative sparing of the peripherally 
located pupillomotor fibers from the effects of nerve ischemia; however, pupillary spar- 
ing can be seen in up to 20% of patients with third-nerve compression from a mass 
lesion (117). Although typical cases of painful, acute-onset oculomotor neuropathy in 
patients with diabetes over age 50 can be observed without imaging, brain MRI is indi- 
cated in cases with progression after 1 wk, in cases with lack of improvement in 8 wk, 
or in any case of a third-nerve palsy in which there is either pupillary involvement or 
pupillary sparing in the absence of a complete third-nerve palsy. MRI imaging is most 
useful in excluding an alternative cause such as a mass lesion in the orbital fissure or 
cavernous sinus, cerebral aneurysm, or focal midbrain infarction (118). There is no 
specific treatment for these ocular mononeuropathies. The prognosis is excellent, with 
data suggesting complete or partial recovery in 72% over 1 to 2 mo (119,120). 

Facial paralysis owing to seventh-nerve palsy may occur with increased frequency in 
patients with diabetes (121). The incidence of diabetes in typical Bell's palsy is 6-10%, 
and facial palsy is more common in older patients with diabetes (122,123). Pecker and 
Schattner (123) found a disturbance of taste in 14% of patients with Bell's palsy and 
diabetes compared with 83% of those without diabetes; this suggests that the lesion in 
patients with diabetes is usually distal to the chorda tympani. Other features are similar 
to those of Bell's palsy without diabetes, consisting of acute onset of facial weakness 
associated with pain and sometimes hyperacusis progressing over several days. Patients 
with incomplete facial weakness usually recover fully over weeks to month; those with 
complete facial paralysis have slower and less complete recovery. The prognosis for 
recovery may be worse than in patients without diabetes (124). 
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I N T R O D U C T I O N  

Foot pathology remains the leading diabetic complication requiring hospitalization 
(1). Because the incidence of diabetes in the general population is expected to rise, the 
prevalence of diabetic foot complications will follow. The resulting cost to society can 
be measured in direct costs attributed to treatment, as well as indirect costs in lost pro- 
ductivity. The total cost of diabetic foot complications in the United States has been 
estimated to approach $4 billion annually, as extrapolated from the costs of ulcer care 
and amputations (2). However the costs are measured, diabetic foot problems represent 
a major public health challenge of growing proportions. 

The prevalence of secondary complications of diabetes, such as diabetic foot com- 
plications, appears to be associated with risk factors such as duration of diabetes and 
obesity (3). The role of obesity in the development and prolongation of diabetic foot 
complications can be described as an indirect pathway. It has been presumed that 
increases in body weight result in increased peak plantar pressures in the foot. Because 
plantar peak pressures are a major risk factor for the development of foot ulcers, obe- 
sity was thought to increase the development of foot ulcerations as well as negatively 
impact their timely resolution. 

However, there is currently conflicting evidence on the role of obesity in peak plan- 
tar foot pressures. One study found that an increase in body weight directly resulted in 
an increase in peak plantar pressures of the foot (4). Another study found that although 
body mass is correlated with peak plantar pressures, the functional relationship between 
the two variables was weak. Instead, body mass accounted for <14% of the variance in 
peak plantar pressure observed (5). Further studies investigating the role of obesity on 
peak plantar pressures and the development of foot ulcerations will assist in clarifying 
this debate. 

From: Contemporary Diabetes: Obesity and Diabetes 
Edited by: C. S. Mantzoros © Humana Press Inc., Totowa, NJ 

351 



352 Dinh and Veves 

Neuropathy 

Impaired healing 
! 

¢ 

l i m a  

- "europathy 

Frauma 

Chronic Foot Ulceration, 
Amputation 

Fig. 1. Pathway to foot ulceration. Sensory neuropathy, associated with pain insensitivity, is the first 
component of the pathway. However, the development of ulceration also requires the existence of 
trauma, usually related to the plantar tissue stress and injury that results from the development of 
high foot pressures during walking. The presence of the third component, impaired wound healing, 
owing to reduced blood flow in the ulcer area and aberrant expression of growth factors and cytokines, 
prevents wound closure and leads to the development of chronic ulceration and, in some cases, ampu- 
tation. (Modified from ref. 10.) 

DIABETIC FOOT ULCERATION 

Etiology 

PATHWAY TO FOOT ULCERATION 

Major risk factors for the development of diabetic foot ulcers include peripheral neu- 
ropathy, high foot pressures, and impaired wound healing. It is important to note that 
these risk factors do not act independently to produce foot ulceration. Instead, a combi- 
nation of risk factors acts to trigger the pathway leading to ulceration. A critical triad of 
neuropathy, minor foot trauma, and foot deformity was found in >63% of foot ulcers in 
one study (6). 

As shown in Fig. 1, in the vast majority of diabetic foot ulceration, the first major 
component is the development of sensory neuropathy that results in pain insensitivity 
component (7). The next step is the development of trauma, usually related to the high 
foot pressures that develop under the foot while walking. Finally, impaired wound heal- 
ing, related to reduced blood supply at the wound area and abnormal expression of 
growth factors and other cytokines that are involved in the healing process, results in 
the body's inability to repair the trauma. It is usually the combination of these three 
major components that lead to the development of chronic ulceration and, in some 
cases, amputation of the lower extremity. 
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PERIPHERAL SENSORY NEUROPATHY 

Reported in approx 30-50% of all patients with diabetes, peripheral sensory neuropa- 
thy has been found to be the most common and sensitive predictor for foot ulceration in 
such patients (8,9). In a study that specifically examined casual pathways of diabetic 
foot ulceration, the presence of neuropathy was reported in 78% of feet with ulcers (6). 

The presence of peripheral sensory neuropathy initiates a series of events that even- 
tually result in foot ulceration. With an inability to detect the pain signals that warn of 
impending tissue trauma, the insensate foot is exposed to increased pressures that has- 
ten tissue damage, leading to ulceration. The propagation of this vicious cycle, of 
increased forces coupled with impaired protective sensation, causes the ulcer to worsen. 

AUTONOMIC AND MOTOR NEUROPATHY 

Autonomic neuropathy is a common finding in patients with long-standing diabetes. 
In the lower extremity, autonomic neuropathy can cause arteriovenous shunting, result- 
ing in a vasodilatory condition in the small arteries (10). Abnormalities in autonomic 
neuropathy are also responsible for decreased activity of the sweat glands of the feet. 
These changes in the diabetic foot can result in skin that is prone to dryness and fissur- 
ing, predisposing the patient to the risk of infection (11). 

Motor neuropathy in the foot causes weakness and wasting of the small intrinsic mus- 
cles, classically termed the intrinsic minus foot. This leads to muscular imbalance with a 
characteristic clawing of the toes and plantar flexion of the metatarsal heads. The promi- 
nences at the plantar metatarsal head level and the digital level serve as areas of focal 
pressures with possible irritation from footwear. Coupled with sensory neuropathy, these 
prominences are susceptible to increased forces with subsequent ulceration. 

PEAK PLANTAR PRESSURES 

Diabetic ulcers can occur on any part of the foot but are clinically observed most fre- 
quently on the plantar surfaces. The predilection of diabetic foot ulcers to the plantar 
surfaces is related to the trauma that develops in these areas as the result of increased 
peak plantar pressures during walking (12). 

The development of high foot pressures starts in the early stages of diabetic neuropa- 
thy, even in the subclinical phase of the disease. One of the first steps is the transfer of 
high peak pressures from the heel area to the forefoot area, in the absence of any clini- 
cally detectable neuropathy. As a result, the pressures under certain areas of the dia- 
betic foot can be considerably high and lead to tissue injury even after walking not very 
long distances. In the presence of sensory neuropathy, the patient is unaware of the first 
warning symptoms of this injury, such as pain, and continues to walk until tissue 
integrity is compromised and foot ulceration occurs. 

LIMITED JOINT MOBILITY 

Restriction of joint mobility is well documented in diabetes and is related mainly to 
collagen glycosylation that results in thickening of the periarticular structures such as 
tendons, ligaments, and joint capsules (13,14). At the foot level, the subtalar and 
metatarsalphalangeal joints are most commonly involved. Involvement of the subtalar 
joint seems critical because it impairs the ability of the foot to adapt to the ground sur- 
face and absorb the shock that develops when the heel makes contact with the ground 
during walking. Subsequently, high foot pressures develop, mainly in the forefoot area, 
and are believed to contribute further to the development of foot ulceration (15-17). 
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Collagen glycosylation is also implicated in decreasing the resiliency of the Achilles 
tendon in patients with diabetes (18). Decreased motion of the Achilles tendon creates 
an equinus deformity with a further shift of plantar forces to the forefoot region that 
results in increased plantar pressures under the metatarsal area (19). Surgical lengthen- 
ing of the Achilles tendon has been found to effectively distribute plantar pressures 
more uniformly, thus decreasing the peak forces at the metatarsal region (20). 

PERIPHERAL VASCULAR DISEASE 

Peripheral vascular disease (PVD) on average is identified in 30% of foot ulcers (6). 
It is important to note that ischemia in itself is not a risk factor for the development of 
a foot ulcer. Instead, ischemia complicates and slows wound healing, as a result of 
insufficient blood flow. PVD in diabetes is characterized by impairment at both the 
microcirculation and macrocirculation level. Macrocirculatory disease in the patient 
with diabetes is identical to the atherosclerotic changes found in individuals without 
diabetes, whereas microcirculatory disease is unique to the patient with diabetes. 

Recent investigation into the microcirculation of the diabetic foot has revealed sig- 
nificant structural and functional changes that may contribute to the impaired wound 
healing observed in diabetic foot ulcers. Impairment of the diabetic foot at the level of 
the microcirculation has been coined a "functional ischemia," owing to its inability to 
vasodilate under conditions of stress. This functional ischemia may be a possible mech- 
anism for the nonhealing observed in diabetic foot ulcers. 

IMPAIRED WOUND HEALING 

An understanding of the faulty wound healing in the diabetic foot ulcer is essential 
in providing appropriate treatment. The normal wound healing process entails a com- 
plex interplay among connective-tissue formation, cellular activity, and growth factor 
activation. All three of these physiological processes are altered in the diabetic state 
and contribute to the poor healing of diabetic foot ulcers. 

The normal inflammatory stage of wound repair involves an orchestrated interaction 
of resident cells such as epithelial cells, fibroblasts, dendritic cells, and endothelial 
cells with biochemical activity (21). In addition to these resident cells, platelets, neu- 
trophils, T-cells, natural killer cells, and macrophages are recruited to the wound site. 
These cells migrate to the injury site to mediate the inflammation, coagulation, and 
angiogenesis processes occurring in the wound-healing process. 

Instead of progressing through the normal stages of wound healing, it is now clear 
that diabetic ulcers are "stuck" in the inflammatory phase of the wound-healing process. 
During this delay, there is a cessation of epidermal growth and migration over the 
wound surface (22,23). Analysis of fluid from these chronic wounds has demonstrated 
elevated levels of matrix metalloproteinases directly resulting in increased proteolytic 
activity and inactivation of the growth factors necessary for proper wound healing. 
Additionally, these chronic wounds have been found to exhibit deficiencies in growth 
factors and cytokines along with elevated levels of inhibitory proteases. Therefore, 
impaired wound healing is manifested in aberrant protein synthesis, cellular activity, 
and growth factor secretion. 

Growth factors influence the wound-healing process through inhibitory or stimula- 
tory effects on the local wound environment. Growth factors such as growth platelet- 
derived growth factor (PDGF), basic fibroblast growth factor, and vascular endothelial 
growth factor have all been found in wound fluid. These growth factors are known to 
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be integral in the chemotaxis, migration, stimulation, and proliferation of cells and 
matrix substances necessary for wound healing. Therefore, the altered secretion or 
absence of these growth factors in diabetic foot ulcers can potentially impair wound 
healing. Recent investigation of the role that these growth factors play in wound heal- 
ing appears to support this hypothesis (24). 

Treatment Principles 
The best means of treating diabetic foot ulcerations appears to be prevention through 

screening for those individuals at high risk and patient education regarding early warn- 
ing signs of ulceration and infection. Primary care physicians should refer patients with 
diabetes with evidence of loss of protective sensation (easily performed with the 
Semmes-Weinstein monofilament) to a podiatric specialist for routine evaluation. 

In the event that an ulceration is present, the cornerstones of treatment for full-thickness 
ulcers should consist of adequate debridement, off-loading of pressure, treatment of 
infection, and local wound care. In addition to these basic tenets of diabetic ulcer treatment, 
greater understanding of the pathophysiology of wound healing has led to advanced 
wound care products demonstrating promise in accelerating wound healing. 

DEBRIDEMENT 

Debridement allows removal of all nonviable tissue and greater visual assessment of 
the wound base as well as promotes the release of growth factors. The goal of wound 
debridement should be the complete removal of all necrotic, dysvascular, and nonviable 
tissue in order to achieve a red, granular wound bed. In the event that ischemia is 
suspected, aggressive debridement should be delayed until vascular examination and 
revascularization are achieved. 

Debridement can be performed in a variety of methods. Sharp technique for removal 
of necrotic tissue is considered the "gold standard" for debridement of diabetic foot 
ulcers (25). Using sharp instruments such as a scalpel blade, all nonviable tissue can be 
removed until a healthy bleeding ulcer bed is produced with saucerization of the wound 
edges. This procedure can be performed in the office setting; however, if debridement 
is extensive or sensation to the foot intact, sharp debridement should be carried out in 
an operating room under appropriate anesthesia and sterility. 

PRESSURE OFF-LOADING 

As discussed previously, ulcerations occur in high-pressure areas of the insensate 
foot; therefore, reduction of pressures is essential to healing. A number of methods are 
employed for the reduction of foot pressures, with varying success rates. The most pop- 
ular methods include the use of total-contact casting, half shoes, short leg walkers, and 
felted-foam dressings. 

Total-contact casting has been considered the most effective means of off-loading 
diabetic foot ulcers as measured by wound-healing rate (26). Described by Paul Brand, 
total-contact casting involves the use of a well-molded minimally padded plaster cast to 
distribute pressures evenly to the entire limb. It allows patient mobility during treatment 
and has been found to help control edema, linked to impairment of healing (27). The 
main advantage and likely effectiveness of total-contact casting, however, is the forced 
patient compliance owing to the inability to remove the apparatus. Disadvantages include 
the considerable skill and time required for application, the possibility of secondary skin 
lesions as the result of cast irritation, and the inability to assess the wound daily. 
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Because of the significant disadvantages associated with the total-contact cast, few 
clinicians use that particular off-loading technique. Instead, commercially available 
off-the-shelf devices such as the half shoe and short leg walker are more commonly 
used. Both of these devices are relatively inexpensive, easy to use, and readily accepted 
by the patient. However, pressure reduction is significantly less compared to total con- 
tact casting, and patient compliance cannot be ensured owing to the removable nature 
of the devices (28). 

Felted-foam dressings are accommodative off-loading devices fashioned from a 
felt-foam pad with an aperture corresponding to the ulceration for customized pres- 
sure relief. The pad is generally attached by tape or rubber cement directly to the 
patient's skin, preventing migration of the pad and ensuring a degree of patient com- 
pliance. Wound care and wound assessment can be performed through the aperture 
portion of the pad. The felted foam is often used in conjunction with a surgical shoe 
or half shoe and must be changed every 10-14 d to ensure integrity of the dressing. 
Felted-foam dressings in combination with a surgical shoe or half shoe were found to 
be more effective in pressure reduction when compared to a short leg walker or a half 
shoe alone (29). 
TREATMENT OF INFECTION 

A diabetic foot ulcer can serve as a portal of entry for bacteria, with subsequent 
infection. Diagnosis of infection is primarily based on clinical appearance, relying on 
clinical signs such as erythema, edema, pain, tenderness, and warmth. The severity of 
an infection can range from a superficial cellulitis to a deep abscess or necrotizing 
fasciitis with systemic toxicity. Note that clinically uninfected ulcers should not be 
cultured, because the organisms recovered will consist only of colonizing flora. 

Radiographic imaging of the infected foot can demonstrate increased density and 
thickening of the sc fat along with blurting of the usually visible fat planes. The pres- 
ence of osseous changes such as periosteal reaction, cortical bone destruction, and 
focal osteopenia may suggest a diagnosis of osteomyelitis. However, these changes 
become evident only after osteomyelitis has been present for 10-14 d and require up to 
50% bone loss before becoming recognizable (30). When a diagnosis of osteomyelitis 
is in doubt, advanced imaging techniques such as magnetic resonance imaging (MRI) 
and computed tomography (CT), which are more sensitive compared to radiographs, 
may aid in accurate diagnosis. 

Treatment of infection involves debridement of all necrotic tissue and drainage of 
purulent collections along with antibiotic therapy. Selection of antibiotic should take 
into account the likely causative organisms while considering the potential toxicity of 
the agents. In the diabetic foot, the bacteria most likely responsible for nonlimb-threatening 
infections are staphylococcus and streptococci, while limb-threatening infections are 
generally the consequence of a polymicrobial infection (31). 

Empiric selection of antibiotic should be based on the suspected bacterial pathogens 
along with modifications to address anticipated resistant pathogens that may have been 
selected during prior hospitalizations. Selection of antibiotic should minimize toxicity 
and be cost-effective. Broad-spectrum antimicrobial therapy should be begun empiri- 
cally with reassessment following the results of culture and sensitivities. Treatment reg- 
imens should then be simplified based on the culture data. 

The duration of antimicrobial therapy for severe soft-tissue infections of the foot is 
based on response to the antibiotics and wound care. Two weeks of therapy is the usual 
guideline; however, recalcitrant infections may require longer courses. Even if the ulcer 
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has not fully healed, antibiotics can be discontinued when evidence of infection has 
resolved. Continuation of antibiotics beyond this duration has not demonstrated any 
effect on wound healing (32,33). 

WOUND CARE 

The effective use of dressings is essential to ensure optimal management of diabetic 
foot ulcers. In recent years, the concept of a clean, moist wound-healing environment 
has been widely accepted. Benefits to this approach include prevention of tissue dehy- 
dration and cell death, acceleration of angiogenesis, and facilitation of the interaction 
of growth factors with the target cells (34). Additionally, patients have reported less 
discomfort with moist wound dressings. A multitude of wound care products are avail- 
able on the market that promote moist wound healing; however, wet-to-dry normal 
saline gauze remains the standard of care of the majority of diabetic foot ulcers. 

ADVANCED WOUND CARE PRODUCTS 

Advanced wound care products have been developed in response to an improved 
understanding of the impaired wound healing integral in the diabetic foot ulcer. 
Pathophysiological defects such as decreased growth factor production and cellular 
inactivity have led to the development of products that address these deficiencies. 
Products in this category include recombinant PDGF and biological skin substitutes. 

Recombinant human PDGF-BB (rhPDGF-BB) (becaplermin) is the only growth fac- 
tor to date approved by the US Food and Drug Administration for the treatment of dia- 
betic foot ulcers. Levels of PDGF have been shown to be lower in chronic wounds (35). 
Administered topically to the ulcer daily, becaplermin gel both increased the incidence 
of complete wound closure and decreased the time to achieve complete wound healing 
(36). Becaplermin is believed to enhance wound healing through the expression of 
PDGF-BB by macrophages, endothelial cells, and platelets. PDGF-BB is known to be 
a potent mitogen and chemotactic agent for connective tissue and stromal cells and 
may act to increase wound vascularization by stimulating endothelial cell proliferation, 
movement, and tube formation. 

Biological skin substitutes, also known as living skin equivalents (LSEs), are pro- 
duced from neonatal fibroblasts and keratinocytes using tissue-engineering technology. 
Available in epidermal, dermal, and composite (epidermal and dermal) forms, LSEs 
offer distinct advantages over traditional skin grafting: LSEs are noninvasive, do not 
require anesthesia, can be performed in an outpatient setting, and avoid potential donor 
site complications such as infection and scarring (37). Furthermore, more rapid wound 
coverage of chronic diabetic foot ulcers with the use of LSEs can provide both social 
and economic advantages by reducing the number of office visits and hospital stays and 
preventing serious wound complications that often lead to amputation. 

Two LSEs currently approved for use in diabetic foot ulcers are Dermagraft 
(Advanced Tissue Sciences, La Jolla, CA) and Apligraf (Organogenesis, Canton, MA, 
distributed by Novartis, East Hanover, NJ). Dermagraft consists of neonatal dermal 
fibroblasts cultured in vitro onto a bioabsorbable polygalactin mesh, producing a liv- 
ing, metabolically active tissue containing the normal dermal matrix proteins and 
cytokines. Dermagraft has been shown to incorporate quickly into the wound with good 
vascularization and no adverse side effects (38,39). In a prospective randomized multi- 
center study, Dermagraft-treated ulcers were associated with more complete and rapid 
healing with the added benefit of a reduction in ulcer recurrence rate compared to con- 
ventional therapy (40). 
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Fig. 2. Histological comparison of Apligraf and human skin. 

Apligraf is considered a composite graft, containing both epidermal and dermal 
components. The outer layer consists of allergenic human keratinocytes constructed 
with an inner dermal layer consisting of human fibroblasts on type 1 collagen dispersed 
in a protein matrix. Although Apligraf histologically resembles human skin, it does not 
contain structures such as blood vessels, hair follicles, or sweat glands (Fig. 2). 
Interestingly, Apligraf acts like human skin, producing all the cytokines and growth 
factors produced by normal skin during the wound-healing process (41). In diabetic 
foot ulcers, Apligraf was shown to statistically significantly increase wound healing 
rate as well as decrease the median time to complete wound closure (42,43). 

Although the precise mechanism of action of Dermagraft and Apligraf is not com- 
pletely understood, it is believed that improved wound healing is a result of filling the 
wound with extracellular matrix proteins and with the subsequent induction and expres- 
sion of growth factors and cytokines necessary for wound healing. Additionally, the 
matrix components may further facilitate the recruitment of cells to the wound, improv- 
ing wound repair. 

CHARCOT NEUROARTHROPATHY 

Charcot neuroarthropathy is a noninfectious progression of joint destruction charac- 
terized by pathological fractures and joint dislocations. Described initially in 1868 by 
J. M. Charcot (44), Charcot joint destruction can occur in a number of disease states 
that manifest peripheral neuropathy such as leprosy, tertiary syphilis, chronic alcoholism, 
and spina bifida (45). However, with the increase in the prevalence of diabetes, diabetes 
mellitus is now the leading cause of Charcot neuroarthropathy. 

Etiology 
The exact etiology of Charcot neuroarthropathy remains unclear. There are two lead- 

ing theories: the neurotraumatic theory and the neurovascular theory. The neurotrau- 
matic theory proposes that repeated microtrauma on neuropathic joints results in 
eventual joint destruction (46). In this theory, repetitive minor stresses on insensate 
joints produces intracapsular effusions, ligamentous laxity, and joint instability. With 
continued use of the foot, degeneration of the joints continues, often resulting in severe 
joint dislocation and deformity. 

By contrast, the neurovascular theory hypothesizes that hyperemia owing to autonomic 
neuropathy results in excessive bone resorption resulting in weakening of the bone (47). 
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The hyperemic bone resorption thus allows increased risk of pathological fractures with 
joint dislocation and destruction evident in Charcot joints. This theory corresponds to the 
clinical observation that Charcot neuroarthropathy occurs most commonly in patients with 
palpable pedal pulses (48). In actuality, the process of Charcot neuroarthropathy is likely 
owing to a combination of both the neurovascular and neurotraumatic theories. 

Clinical Findings 
Regardless of the etiology, the Charcot foot usually presents as a warm, nonpainful 

swelling of the foot. More often than not, there is no evidence of an open wound. 
Therefore, an infectious process can be excluded based on the lack of a portal of entry. 
Occasionally, patients may describe a precedent history of minor trauma; however, this 
is frequently so trivial that the patient is unable to recall the incident. 

Initial evaluation of Charcot neuroarthropathy requires a thorough clinical and radi- 
ographic examination of the foot. Clinical examination often reveals a warm, edematous 
foot with crepitus with joint range of motion. Most commonly, pain is absent or signifi- 
cantly less than expected from the clinical presentation. Radiographic findings demon- 
strate osseous debris and fragmentation with mild to frank joint subluxation. The most 
common site affected in the foot is the tarsometatarsal joint (49). The extent of fragmen- 
tation and joint destruction is variable and most often related to the particular joints 
affected and the degree of ambulation prior to diagnosis. Advanced imaging techniques 
such as CT scans and MRIs are rarely necessary to make a diagnosis of Charcot joint 
and, instead, may be more useful in preoperative surgical planning in certain cases. 

There are three identifiable clinical phases of Charcot neuroarthropathy: acute, coa- 
lescence, and remodeling. The acute phase is characterized by clinical findings of 
edema, erythema, localized warmth, and joint crepitus with range-of-motion examina- 
tion. The coalescence phase begins when skin temperature normalizes and joint crepi- 
tus diminishes. With a period of duration lasting from months to years, the remodeling 
phase is characterized by joint stabilization and remodeling. Unfortunately, resolution 
of Charcot neuroarthropathy can result in a deformed foot with obvious bony promi- 
nences susceptible to ulceration (45). 

Treatment Principles 
The treatment of choice for acute Charcot foot is complete immobilization and non- 

weight bearing. Immobilization can be achieved with casts, splints, or braces and 
non-weight bearing aided with the use of crutches, walkers, or wheelchairs. Failure to 
immobilize the foot adequately may result in further fragmentation of bone with pro- 
gression of the joint deformity, resulting in a foot with a rocker-bottom deformity (Fig. 3). 
The ultimate goal of immobilization therapy is to allow the foot to coalesce in a shape 
that will allow eventual ambulation. 

Immobilization and non-weight bearing should continue until the acute phase of 
Charcot has ended and the coalescence phase commenced. The recommended duration 
of immobilization varies from 8 wk (50) to 3-6 mo (51). The decision to discontinue 
immobilization and begin weight bearing may be best made by clinical parameters 
such as increased warmth and edema, rather than an arbitrary time period. Resolution 
of both edema and warmth are good indicators of progression to the coalescence stage; 
therefore, immobilization and weight bearing may be safely discontinued. Serial radi- 
ographs may also aid in the decision-making process. Evidence of osseous consolida- 
tion, union of fractures, and reduction in soft-tissue edema are radiographic indications 
that coalescence has begun. 
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Fig. 3. Photograph of a Charcot foot with rocker-bottom deformity. 

Once weight bearing is deemed safe, return to ambulation should be performed in a 
gradual manner. Typically, weight bearing is begun allowing only 15-20 lb of weight 
on the affected limb, with 10-1b increments added on a weekly basis. Should symptoms 
of the acute phase such as edema, erythema, and warmth appear, immobilization and 
non-weight bearing should be resumed until resolution of these symptoms occurs. 

In recent years, increased attention has been given to surgical reconstruction of the 
severely deformed Charcot foot. In cases in which immobilization and non-weight 
bearing have failed to prevent extensive joint dislocation, a rocker-bottom type of foot 
with osseous prominences can be the end result. This type of foot is not amenable to 
ambulation and is highly susceptible to ulceration. Therefore, arthrodesis of the 
involved joints may provide a stable platform for ambulation in addition to preventing 
future ulcerations. However, patients undergoing joint fusions will require extended 
periods of immobilization and non-weight bearing postoperatively and, therefore, 
should be screened carefully. 

C O N C L U S I O N S  

Diabetic foot ulcerations represent a significant and growing health problem. 
Although obesity has not been conclusively demonstrated to be a risk factor in the devel- 
opment of diabetic foot ulcerations, there is some evidence that its presence may hinder 
the timely resolution of these ulcers. With a greater understanding of the risk factors and 
pathophysiological processes involved, new treatments are continually evolving. 

There is no question that the growth of diabetes in the United States is reaching epi- 
demic proportions. This appears to be related to the observed trend in obesity. As the 
incidence of diabetes rises, the rate of secondary complications such as diabetic foot 
ulcerations will follow. Therefore, addressing the trend in obesity may be the best 
means of preventing diabetic foot complications. 
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DEFINITION AND EPIDEMIOLOGY 

Erectile dysfunction (ED) is defined as the consistent or recurrent inability to attain 
and/or maintain a penile erection sufficient for sexual performance and is a common 
sexual dysfunction especially among men with diabetes (1). Sexual dysfunctions can 
include problems with libido, erectile function, and ejaculation. Although previously 
the term impotence was used interchangeably for all aspects of sexual dysfunction, this 
vague term led to confusion. Thus, in 1992, a National Institutes of Health consensus 
conference recommended that the term erectile dysfunction be used to describe prob- 
lems relating to penile erections (2). 

Kinsey's initial data in 1948 revealed an incidence of ED of less than 2% in men 
under age 40 but 27% by age 70 (3). Subsequent studies revealed that this percentage 
has increased, and ED is now recognized as a significant health problem for many men. 
The Massachusetts Male Aging Study (MMAS) found some degree of ED in 52% of 
the nearly 1300 men ages 40-70 studied (4). Several risk factors have clearly been 
associated with ED. The most significant factor is aging. Men over age 70 have a six- 
fold increase in the risk of ED. Medical conditions associated with endothelial 
dysfunction have also been shown to increase the likelihood of ED. Diabetes mellitus, 
hypertension, hyperlipidemia, and coronary artery disease are known to increase the 
likelihood of having ED (4,5). Braunsteins, (6), in a review on ED, found that the preva- 
lence of ED in men with diabetes varied from 27.5 to 75% in various studies. As the 
age of the men in the studies increased, the incidence increased, with up to 95% of men 
with diabetes over the age of 70 having some degree of dysfunction, whereas only 20% 
of those under the age of 30 had ED. In addition, blood glucose control in men with 
diabetes has also been shown to be inversely associated with the presence of ED (7). 
By contrast, exercise, which is known to improve endothelial cell dysfunction, was 
shown in the MMAS to decrease the likelihood of developing ED (8). 
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PATHOPHYSIOLOGY 

Normal Erections 
Although both an adequate blood supply and neural function are necessary for erec- 

tions, the key factor to normal erections is adequate intrapenile blood flow. The penis 
has two elongated shafts, the corpora cavernosa, which comprise multiple sacs sur- 
rounded by smooth muscle. The flaccid resting state of the penis is the result of contraction 
of penile smooth muscle. This state is mediated through tx-adrenergic stimulation, as 
well as other compounds such as prostaglandin F2a (PGF2c~) and endothelins (9,10). In 
the presence of sexual stimulation, cholinergic fibers in the central nervous system 
(CNS) release acetylcholine, which partially blocks the adrenergic fibers. The major 
substance formed from the stimulation of the nonadrenergic noncholinergic (NANC) 
nerve fibers is nitric oxide (NO), which is produced through the action of NO synthase. 
NO is also released from vascular endothelial cells in the corpus cavernosum. 

NO leads to stimulation of guanylyl cyclase, which converts guanosine 5'-triphos- 
phate (GTP) into cyclic guanosine 5'-monophosphate (cGMP). cGMP then stimulates 
protein kinase C, which causes a decrease in intracellular calcium, which then leads to 
vasodilation. As the smooth muscle of the corpus cavernosa relaxes, the corporal sacs 
dilate and fill with blood. This filling leads to an increased intracavernosal pressure. 
The dilated sacs cause the corpora cavernosa to expand and press against the tunica 
albuginea, an elastic membrane surrounding the corpora. This expansion then com- 
presses the veins that drain the corpora against the tunica albuginea. This compression 
decreases the drainage of blood from the corpora, maintaining intracavernosal pressure. 
After ejaculation, phosphodiesterase type 5 (PDE5), present in penile smooth muscle, 
metabolizes cGMP to 5' GMP. Intracellular calcium increases, leading to contraction of 
the corpora smooth muscle, and detumescence ensues. Any process that decreases the 
production or release of NO or that causes endothelial dysfunction and inhibits ade- 
quate vasodilation will adversely affect erectile dysfunction (Fig. 1). 

Normal Changes in Aging 
Some men seeking help for ED may be experiencing normal changes that are seen in the 

aging male; Table 1 provides these changes. As men age they have a decreased ability to 
experience spontaneous erections from fantasy or visual stimulation, and more direct geni- 
tal stimulation is required. In addition, loss of focus occurs more easily, so sexual activity 
needs to be attempted in a quiet place with minimum distractions when a man is well rested. 

Penile sensation also decreases with age. Premature ejaculation is less common, but 
retarded ejaculation or anejaculation is more likely. This may lead to fatigue and detumes- 
cence without orgasm. The refractory period, the time from ejaculation to the next penile 
erection, lengthens with age and may be 30 min at age 20 but 2 d at age 70 (11). 

Pathophysiology of ED 
The major chemical mediator of smooth muscle relaxation in the corpora caver- 

nosum is NO, which is produced by both the nonadrenergic noncholinergic nerve fibers 
and endothelial cells. NO vasodilation has been shown to be impaired in patients with 
diabetes. Both neuropathy and vasculopathy are common complications in patients 
with diabetes. Studies have shown a decrease in acetylcholine synthesis in men with 
diabetes, which would hinder the ability of penile smooth muscle to relax. This decrease 
is associated with the duration of diabetes (12). In addition, autonomic-mediated relax- 
ation of corporal smooth muscle is impaired in diabetes (13). 
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Fig. 1. Any process that decreases the production or release of nitric oxide or that causes endothelial dys- 
function and inhibits adequate vasodilation will adversely affect erectile dysfunction, eNOS, endothelial 
nitric oxide synthase; ATP, adenosine triphosphate. (Copyright © 2000, Massachusetts Medical Society.) 

Vascular impairment in diabetes will lead to ED from large-vessel disease but, more 
important, from problems with intrapenile blood flow. Decreased penile blood flow 
into the lacuna spaces will cause ED (14). 
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Table 1 
Sexual Changes in Aging Men 

Decreased ability to have spontaneous erections 
Increased need for foreplay 
Decreased penile sensitivity 

Decreased premature ejaculation 
Increased retarded ejaculation 

Increased length of refractory period 
Increased episodes of detumescence without orgasm 
Increased likelihood of loss of erection with loss of focus 

Table 2 
Commonly Used Drugs That Affect Sexual Function (16) 

CNS acting 
Antidepressants (including tricyclics and SSRIs) 
Antipsychotics 
Tranquilizers 
Anorexiants 

Cardiovascular 
Digoxin 
Older antihypertensives (reserpine, guanethidine, hydralazine) 
[3-Blockers (especially propranolol, metoprolol, penbutolol, pindolol, timolol) 
Certain s-blockers (clonidine, guanfacine, prazosin) 
~- and l-Blockers (labetalol) 
~-Methyldopa 
Thiazide diuretics 
Spironolactone 
Calcium channel blockers (fairly low risk) 

Allergy related 
Corticosteroids 
Theophylline 
Bronchodilators 

Antifungals 
Fluconazole, ketoconazole, itraconazole 

Recreational 
Marijuana 
Alcohol 

Miscellaneous 
Metoclopramide, flutamide, clofibrate, gemfibrozil 

Nonprescription 
Antihistamines (chlorpheniramine, diphenhydramine, chlotrimeton) 
Decongestants 
Cimetidine 

One other issue in the pathophysiology of ED may be the presence of hypogonadism. 
Primary hypogonadism has been shown to increase the likelihood of ED, and correc- 
tion of hypogonadism improves ED (15). Mild central hypogonadism is frequently 
seen in patients with diabetes and/or obesity. Whether mild decreases in testosterone 
significantly contribute to ED or not has not definitively been shown. 

Many medications can affect various aspects of sexual function including libido, 
erectile function, and ejaculation. Table 2 provides some of the more commonly used 
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Table 3 
Evaluation of the Patient With ED 

History 
Duration 
Onset 
Progression 
Social setting 
Duration and control of diabetes 
Diabetes complications 
Other medical conditions 
Medications (prescription and nonprescription) 

Physical examination 
BP 
Cardiovascular examination 
Neurological examination 
Breast examination 
Genital examination 

Diagnostic tests 
A1C, lipids, creatinine, liver function, hemoglobin, testosterone 

medications, especially in men with diabetes. Because of the frequency of hypertension 
in patients with diabetes, antihypertensives are commonly prescribed. Although many 
of the older medications, such as reserpine and propranolol, had a high rate of sexual 
side effects, newer agents such as angiotensin-converting enzyme inhibitors are less 
likely to contribute significantly to ED. 

Many over-the-counter drugs such as pseudoephedrine and certain antihistamines 
such as diphenhydramine and chlorpheniramine are also known to contribute to ED. 
Other agents, such as metaclopramide, for the treatment of diabetic gastroparesis, may 
elevate prolactin (PRL) levels. Finally, many centrally acting drugs may inhibit sexual 
function by their direct actions on the CNS (as seen with selective serotonin reuptake 
inhibitors [SSRIs]) or by production of PRL (as seen with tricyclic antidepressants). 

D I A G N O S T I C  EVALUATION 

Table 3 summarizes the evaluation of a patient with ED. The components involved are 
taking the patient's history, performing a physical examination, and doing diagnostic test- 
ing. In addition, measuring nocturnal penile activity and using surveys may be helpful. 

History 
When evaluating a patient with ED, the health care provider must take a careful, 

detailed history with emphasis on the sexual history. The first issue is to understand 
what type of sexual health problem the patient has. Although ED is a common sexual 
complaint, other issues such as concerns about ejaculation or issues regarding libido 
must be identified. Important features in ED include the duration of the problem, 
whether it presented suddenly or gradually, whether it has progressed, and whether it 
has any relation to other events in the patient's life. 

These features provide information to help differentiate an organic cause from a psy- 
chogenic one. The presence of morning erections suggests a psychogenic component to 
the ED, but their absence does not prove the presence of an organic cause because 
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morning erections decrease in frequency as men age. Prior to 1960, most men with ED 
were evaluated by physicians at psychiatric clinics, and in most men the problem was 
attributed to psychological causes. More recently, it has been recognized that the most 
common etiology for ED is an organic cause (17), but men with diabetes are not exempt 
from having performance anxiety and relationship problems. 

Because poor blood glycemic control increases the likelihood of ED, one must ascer- 
tain the patient's glycemic control as well as the presence of diabetic complications. 
Concomitant medical illnesses should be identified, with particular attention paid to 
other diseases associated with endothelial cell dysfunction such as hypertension, hyper- 
lipidemia, and vascular disease. Because, men with ED, and especially those with obe- 
sity and glucose intolerance or diabetes, are more likely to have any of these conditions, 
all patients presenting with ED should be screened for these conditions. 

The use of all medications, including prescription drugs, over-the-counter drugs, and 
nutritional supplements, should be identified and the relationship between starting these 
therapies and the development of ED assessed. 

Physical Examination 
The physical examination includes the measurement of blood pressure (BP), and a 

detailed cardiovascular and neurological examination. A breast and genital exam must 
be performed, with particular attention paid to evidence of normal virilization and any 
anatomic changes such as Peyronie disease. 

Laboratory Testing 
For the diabetic patient, laboratory testing should assess glycemic control by meas- 

uring a hemoglobin Alc value. The presence of nephropathy, a common complication 
of diabetes, is assessed with a creatinine measurement. Other common comorbid con- 
ditions such as hyperlipidemia, liver disease, or anemia, should be assessed by measuring 
a lipid profile, liver function tests, and a hemoglobin test. An initial testosterone deter- 
mination should be considered, especially if the patient has any complaints consistent 
with testosterone deficiency, such as decreased libido. 

Other Testing 
Further diagnostic testing usually is not necessary. However, if the differentiation 

between organic and psychogenic ED is difficult to determine, measuring nocturnal 
penile activity may be beneficial. Assessment of the vascular status can be achieved 
with duplex ultrasound to monitor cavernosal artery pressure after the intracavernosal 
injection of papaverine or PGE I. The greater the number of risk factors for arterial 
insufficiency, such as aortoiliac disease, history of tobacco abuse, and hypertension, the 
greater the chance that intrapenile blood flow will be decreased (18). 

Survey Tools 
Several survey tools are now available to assess the severity of ED. Two of the most 

widely used are the International Index of Erectile Function (IIEF) (19) and the Sexual 
Encounter Profile (SEP). The IIEF is a validated tool that can be used to assess sexual 
function. The erectile function domain questions, questions 1-5 and 15 of the IIEF, address 
the ability to attain and maintain erections (Table 4, part A). Scoring ranges from 5 to 30, 
with lower scores reflecting a greater degree of ED (Table 4, part A). The SEP is com- 
posed of seven diary questions that allow patients to record results after a sexual encounter. 
Questions 2 and 3 are of greatest interest in assessing erectile function (Table 4, part B). 
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Table 4 
Survey Tools to Assess ED 

A. IIEF--EF Domain Questions 

Over the past 4 wk 
1. How often were you able to get an erection during sexual activity? 

0 = No sexual activity 
1 = Almost  never/never 
2 = A few times (much less than half  the time) 
3 = Sometimes (about half  the time) 
4 = Most  times (much more than half  the time) 
5 = Almost  always/always 

2. When you had erections with sexual stimulation, how often were your erec- 
tions hard enough to be able to penetrate your partner? 
0 = No sexual activity 
1 = Almost  never/never 
2 = A few times (much less than half the time) 
3 = Sometimes (about half the time) 
4 = Most times (much more than half  the time) 
5 -- Almost  always/always 

3. When you attempted sexual intercourse, how often were you able to enter 
your partner? 
0 -- Did not attempt intercourse 
1 = Almost  never/never 
2 = A few times (much less than half the time) 
3 = Sometimes (about half the time) 
4 -- Most  times (much more than half the time) 
5 = Almost  always/always 

4. During intercourse, how often were you able to maintain your erection after 
penetration? 
0 = Did not attempt intercourse 
1 = Almost  never/never 
2 = A few times (much less than half the time) 
3 = Sometimes (about half the time) 
4 = Most  times (much more than half the time) 
5 = Almost  always/always 

5. During intercourse, how difficult was it to maintain your erection to com- 
pletion? 
0 = Did not attempt intercourse 
1 -- Extremely difficult 
2 = Very difficult 
3 = Difficult 
4 = Slightly difficult 
5 = Not difficult 

6. How would you rate your confidence that you could get and keep an erection? 
1 = Very low 
2 = Low 
3 = Moderate 
4 = High 
5 = Very high 

(Continued) 
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Table 4 (Continued) 

Score Severity of ED 

26-30 Normal 
22-25 Mild 
17-21 Mild to moderate 
11-16 Moderate 
5-10 Severe 

B. SEP Questions 

SEP 2: Were you able to insert your penis into your partner's vagina? 
--Yes --No 

SEP 3: Did your erection last long enough for you to have successful intercourse? 
--Yes --No 

T R E A T M E N T  

While proceeding with therapy for ED, it is helpful to consider improving those fac- 
tors that can be improved and may be contributing to the ED. These factors include 
optimizing glycemic control with avoidance of hypoglycemia. If the patient is taking a 
drug that is known to affect erectile function, one must consider changing the medica- 
tion if possible to an agent less likely to be a problem. Even if the agent is not com- 
pletely responsible for the ED, it may be contributing along with other factors and, 
thus, may adversely affect the degree of benefit achieved with therapy. 

If appropriate, a qualified therapist should be part of the health care team. Performance 
anxiety or relationship issues may need to be addressed. At times, problems with 
decreased libido may point to an underlying conflict within the relationship that has to be 
evaluated, and some couples have to be taught about the need for more foreplay 
with aging. 

Patients with primary gonadal failure need testosterone replacement therapy. Apart 
from causing libido and erectile problems, testosterone deficiency may cause lethargy, 
depression, anemia, muscle weakness, and osteoporosis. Men with diabetes often have 
secondary hypogonadism. These patients may also be treated with testosterone, 
although the benefit of this therapy is far less clear. 

Oral Therapies for  ED 

Sildenafil (Viagra) was first released in 1998 and quickly revolutionized the treat- 
ment of ED. During sexual stimulation, NO is released from NANC nerves and from 
endothelial cells in the corpus cavernosum, which activate guanylyl cyclase, causing an 
increase in the level of cGME As previously discussed, this increase in cGMP causes a 
decrease in intracellular calcium, which in turn, leads to relaxation in smooth muscle 
and results in vasodilation of the corpus cavernosum. PDE5 degrades cGME Sildenafil 
works by inhibiting PDE5, causing an increase in cGMP (Fig. 1). 

Sildenafil is available in 25-, 50-, and 100-mg strengths. The starting dose is 50 mg, 
with the option of titrating up to 100 mg for those who do not achieve an adequate 
response. The option to titrate down to 25 mg is available for those who have side 
effects at 50 mg. Typically, men with diabetes are less likely to respond to any PDE5 
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inhibitor and should be encouraged to utilize the 100-mg dose if an optimal response is 
not achieved with the 50-mg dose. The drug is absorbed with a maximal concentration 
reached at about 1 h. Therefore, patients should be advised to take the drug about 1 h 
prior to intercourse. Studies have shown that for half of all users, the onset of an ade- 
quate erection may occur within 20 min after taking the drug (20). The half-life of the 
drug is about 4 h and, thus, patients will note decreasing efficacy beyond 4 h. 

Sildenafil is very specific for the PDE5 isotype although it does crossreact with 
PDE6, an isoform found in the retina. This crossreactivity can lead to changes in blue- 
green color discrimination or the presence of a blue-green halo around objects. Since 
this effect is caused by the binding of the sildenafil to PDE6, the effect resolves as the 
drug is metabolized over a few hours. 

The most common side effects from the drug include headache (16%), flushing 
(10%), dyspepsia (7%), and nasal congestion (4%) (21). These side effects are related 
to the distribution of PDE5 in other tissues. There has not been any evidence that the 
drug causes cardiovascular events. Initially, there was a concern of an increased risk of 
cardiovascular events. This increased risk has been shown to be related to patients who 
have preexisting cardiovascular disease and are at high risk of a cardiovascular event 
when participating in any new form of exercise. 

Vardenafil (Levitra) was approved for use in the United States in August 2003. This 
agent also works by inhibiting PDE5. The drug is available in 2.5-, 5-, 10-, and 20-mg 
strengths, with a typical starting dose of 10 mg. The dose can be increased to 20 mg if 
an adequate response is not obtained. Lower starting doses are appropriate for patients 
receiving antifungal or antiretroviral therapy. The drug reaches a maximal concentra- 
tion in about 60 min, with a half-life of about 4 to 5 h. As with sildenafil, patients 
should be advised to take this agent approx 1 h before intercourse. The drug has been 
shown to facilitate erections as rapidly as 16 min (22). It has minimal binding to PDE6, 
so, unlike sildenafil, blue-green color changes have not been observed with this agent. 
Common side effects include headache (15%), flushing (11%), rhinitis (9%), and dys- 
pepsia (4%), related to the distribution of PDE5 in other tissues (23). 

Tadalafil (Cialis) was approved for use in the United States in November 2003. The 
third PDE5 inhibitor on the market, it is available in 5-, 10-, and 20-mg strengths, with 
a starting dose of 10 mg. The time to peak concentration and the half-life of this agent 
are dramatically different from those seen with sildenafil or vardenafil. Peak concentra- 
tion is reached at 2 h (0.5-6 h) and the half-life of the drug is 24 h. Instead of taking 
this agent on demand, patients should be advised that once it reaches a peak concentra- 
tion, the agent will provide benefit for the next 24 h (24). 

Tadalafil also has minimal PDE6 binding, so blue-green color changes have not been 
reported. The drug does inhibit PDE11 with an affinity about one-fifth that of PDE5. 
PDE11 is present in skeletal muscle, and this inhibition may account for the lower-back 
pain reported to occur in some patients (6%) the day following use. PDE11 exists in 
many other tissues including the testes, prostate, and kidneys, but no clinical signifi- 
cance has been attributed to PDE11 inhibition in these tissues. Side effects are similar 
to those of the other two agents because of the distribution of PDE5 in other tissues. 
These include headache (15%), dyspepsia (10%), nasal congestion (3%), and flushing 
(3%) (24). Finally, because of the development of symptomatic hypotension in other- 
wise healthy volunteers taking PDE5 inhibitors and nitrate-based vasodilators con- 
comitantly, the use of a PDE5 inhibitor is contraindicated in any patient taking a 
nitrate-containing agent (21,23,24). 
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Postmarketing studies did reveal an interaction between sildenafil and a-blockers. 
These agents were found to have a greater effect on lowering BP in the presence of 
sildenafil, whereas a similar effect was not seen with other antihypertensives. The rec- 
ommendation is to use 25 mg of sildenafil when combining with an c~-blocker or 50 or 
100 mg of sildenafil if the dose is separated from the use of the a-blocker by 4 h (21). 
When healthy volunteers took 20 mg of vardenafil with 10 mg of terazosin, 25% were 
found to have a drop in systolic BP to <85 mmHg. Thus, vardenafil is contraindicated 
for use with c~-blockers (23). When 20 mg of tadalafil was administered with 0.4 mg of 
tamsulosin, an o~-blocker with less antihypertensive effect, no significant decrease in 
BP was noted. As such, there is no contraindication to the use of tadalafil with tamsu- 
losin (24). Further studies are needed to determine whether the same antihypertensive 
effect is seen with vardenafil in lower doses and in combination with tamsulosin. 

All three PDE5 inhibitors have been shown to be effective in patients regardless of the 
severity or the etiology of the ED, including diabetes. The response to the agent, however, 
is related to the severity of the ED, with a lower likelihood of an appropriate response or 
a less satisfactory response in those with more severe ED (21,23,24). Response to therapy 
can be assessed by either a change in the IIEF score or changes to SEP 2 or SEP 3. In 
addition, a simple Global Assessment Question (GAQ) (i.e., "Has the treatment you have 
been taking during the past 4 wk improved your erections?") that is answered "yes" or 
"no" provides a valid simple assessment. The problem with the GAQ is that the degree of 
the response is not taken into account and even minimal responses may be considered as 
a "yes." As such, the response rate to the GAQ tends to be higher than to SEP 2 or SEP 3 
and may not reflect a degree of response that is satisfactory to the patient. 

In general, IIEF improvements of 8-10 points have been seen after treatment of 
patients with ED with a PDE5 inhibitor. SEP 2 and SEP 3 positive response rates of 80 
and 65%, respectively, and GAQ positive response rates of 90% have been reported 
(21,23,24). Factors such as age of the study population, concomitant medical condi- 
tions, and the severity of the ED will have a significant impact on the results, but to 
date no good study has shown a significant difference in the response rate from one 
agent to the next. 

Apomorphine (Uprima) is a dopamine receptor agonist that treats erectile function by 
increasing the hypothalamic signal that causes erections. Although this agent was 
approved by the European Union in 2001, the US Food and Drug Administration (FDA) 
issued a nonapprovable letter for the drug in August 2003 and approval is not currently 
being pursued. In Europe, the drug is available in 2- and 3-mg doses and is administered 
sublingually. The mean onset of action is 20 min. Studies have shown that the effective- 
ness of the drug is significantly less than that of the PDE5 inhibitors. The most common 
side effects of this agent are yawning, nausea, dizziness, and somnolence, occurring in 
5-8% of patients (25). 

Yohimbine is an a2-adrenergic blocker derived from the bark of the Yohimbe tree in 
Africa. Studies have not shown a significant benefit especially in patients with organic 
ED. Available without prescription, the usual starting dose is 5.4 mg three times a day. 
Side effects include hypertension, nervousness, tremor, tachycardia, and urinary retention, 
related to its action as an oc-blocker (26). 

Injectable Therapy 
In 1983, Brindley demonstrated that injecting papavarine, a vasodilator, into the cor- 

pus cavernosa will cause an erection (27). The use of papaverine was complicated by a 
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high incidence of penile fibrosis, which was decreased when phentolamine was added. 
Since then, mixtures of papaverine and phentolamine (bimix) have been used. The 
addition of PGE 1 (trimix) has been shown to improve effectiveness even further. 
Success rates in excess of 80% are commonly reported (28). 

The most common side effects include pain on injection and the formation of pain- 
less fibrotic nodules in 1.5-60% of patients. This variability may be related to how the 
nodules are identified, the frequency of use, and the duration of therapy (29). Priapism 
is a rare but known complication and will usually occur initially before an optimal dose 
is identified or if the patient injects a dose in excess of the prescribed amount. In addi- 
tion to being quite painful, priapism can lead to intracorporeal damage if not treated 
appropriately. 

Despite widespread use, neither bimix nor trimix have FDA approval for use in treat- 
ing ED. The FDA approved the first intracavernosal injection treatment in 1995. This 
therapy utilizes alprostadil (Caverject, Edex), which is a synthetic compound identical 
to PGE 1. Alprostadil increases intracellular cyclic adenosine monophosphate (cAMP), 
leading to vasodilation. Doses range from 2.5 to 20 ~g. Studies have reported that 
>80% of men achieve erections adequate for sexual activity with the use of this therapy 
(30), but follow-up studies have shown that half of patients who had an adequate 
response to therapy were not using the therapy after 1 yr (31,32). 

Transurethral Therapy 
In addition to the injectable form, alprostadil has been formulated into a urethral 

suppository (MUSE). This format allows absorption across the urethral mucosa, avoid- 
ing the need for intracavernosal injections, but significantly higher doses are required. 
MUSE is available in 125-, 250-, 500-, and 1000-~tg doses. Success rates as high as 
65% have been reported (33). The most common side effects include penile and per- 
oneal burning (30%), although it is usually not severe enough to lead to discontinuation 
of the drug. 

Vacuum Assistance Devices 
Vacuum devices for erections have been widely available for use in the United States 

for the past 30 yr. These devices consist of a plastic tube that is placed over the penis. 
As air is pumped out of the tube, a vacuum is created, which draws venous blood into 
the penis. An erection is thus obtained. It is maintained by using a rubber constriction 
ring that fits over the base of the penis. 

Erections that are adequate for intercourse have been reported in >75% of men using 
these devices. A firm erection with no drug interactions and the absence of a cost for 
each use are the major attractions for this therapy. The major disadvantage of this treat- 
ment is the mechanical nature of the process. A unique side effect is a lack of tumes- 
cence proximal to the constriction band, which can lead to a "hinge" effect of the penis. 
In addition, decreased ejaculation and mild bruising can occur (34). 

Constriction Rings 
Patients who are still able to attain an adequate erection but find difficulty in main- 

taining it do not necessarily need therapies that improve erectile quality. This early 
detumescence or venous leakage can be treated with just a constriction device. Various 
products are now available. 
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Table 5 
Costs of Therapy 

Agent Available strengths Retail cost per use ($)a 

PDE5 inhibitors 
Sildenafil 25, 50, 100 mg 9.10-9.40 
Tadalafil 5, 10, 20 mg 9.00 
Vardenafil 2.5, 5, 10, 20 mg 8.80-9.00 

Injection therapy 
Bimix or trimix b b 
Alprostadil 

Caverject 10, 20 ~g 24.02-32.91 
Edex 5, 10, 20, 40 ~g 15.57-35.00 

Urethral suppository 125, 250, 500, 1000 ~.g 19.78-23.94 
Vacuum pump NA c 0 d 

aBased on pricing from www.drugstore.com. 
bThe dose is customized and the final cost is greatly affected by the cost of mixing. 
CNA, not applicable. 
aThere is no cost per use with a vacuum assistance device; however, there is the onetime initial cost of 

acquisition. 

Penile Implants  

Predating pharmacological therapy, penile implants have been a highly successful 
form of therapy for ED. As newer therapies have been developed, the percentage of 
men treated with this form of therapy has decreased. This therapy is an option for 
those men who have failed other options for therapy or with anatomic changes that 
make success with other forms of therapy impossible. There are two basic types: the 
semi-rigid rod and the inflatable rod. The latter has more hardware that is placed in 
the penis, scrotum, and suprapubic area, thus increasing the risk of mechanical fail- 
ure and/or infection. The earlier models had a higher rate of mechanical failure, but 
this has decreased over time. Satisfaction rates among men with diabetes and their 
partners vary, depending on the study, but are often quite high (35). Although 
dramatically improved, the major concerns continue to be infections and mechanical 
failure. 

COSTS OF T R E A T M E N T  

The costs of these various treatments are quite variable and may influence compli- 
ance with a particular form of therapy. Therefore, one should take into account the cost 
per use and the expected number of uses per month. Table 5 provides the costs of the 
various therapies. Insurance coverage is highly variable, with some plans having restric- 
tions on the choices of therapy or on the number of treatments per month. Others offer 
no coverage of therapy. 
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I N T R O D U C T I O N  

Infections constitute the most common cause of diabetic ketoacidosis and uncon- 
trolled diabetes but diabetes also predisposes to the development of serious infections 
(1,2). The risk of infection and consequent hospitalization is higher in individuals with 
diabetes than in those without diabetes (3), and some infections, such as rhinocerebral 
mucormycosis and emphysematous pyelonephritis, occur almost exclusively in patients 
with diabetes (4). Individuals with diabetes mellitus might be at higher risk of moder- 
ate or severe infection-related morbidity and mortality, with almost a double risk of 
death related to an infection (3). This propensity for infection is attributed to effects of 
the metabolic dysregulation not only on immune function (5-8) but also on the nervous 
and circulatory systems leading to disruption of the natural barriers to infection (9). For 
example, neuropathic and ischemic ulcers in patients with diabetes provide portals of 
entry for microorganisms, and neuropathic urinary bladder dysfunction predisposes to 
urinary tract infections (UTIs) (5,6,9). 

In this chapter we summarize current knowledge on clinical infections seen in 
patients with diabetes. 

C O M M O N  I N F E C T I O N S  IN PATIENTS W I T H  DIABETES (Table 1) 

Microorganisms Strongly Associated With Infections in Diabetes 
Gram-positive bacteria most commonly encountered in diabetics are Staphylococcus 

spp., Streptococcus group B spp., Pneurnonococcus, and Enterococcus spp. Although 
S. aureus infections have been suggested to be more common among patients with dia- 
betes, it is difficult to estimate any proportional risk of such infections among these patients 

From: Contemporary. Diabetes: Obesity and Diabetes 
Edited by: C. S. Mantzoros © Humana Press Inc., Totowa, NJ 

377 



378 Tsiodras et al. 

Table 1 
Common Infections in Diabetes 

Respiratory Skin and soft-tissue 
tract infections Urina~ tract infections infections Other infections 

Lower respiratory 
tract infection 

Asymptomatic bacteriuria Cellulitis 
Acute pyelonephritis Necrotizing fasciitis 
Renal abscess Pyomyositis 
Emphysematous Diabetic foot infections 

pyelonephritis, pyelitis, Osteomyelitis 
cystitis Candida skin infections 

Fungal cystitis Dermatophytosis 

Zygomycosis 
rhinocerebral 
mucormycosis 

Malignant necrotizing 
external otitis 

Emphysematous 
cholecystitis 

Periodontitis 

(10), and a study of S. aureus bacteremia found no difference in mortality between 
patients with diabetes and those without (11). By contrast, patients with diabetes seem 
to be at particularly high risk of infection with Streptococccus group B. For example, in 
a group of nonpregnant adults with group B streptococcal bacteremia, the prevalence of 
diabetes was found to be 27.5% (12). Gram-negative bacteria, most commonly 
Escherichia coli, Klebsiella spp., and Pseudomonas aeruginosa, frequently colonize 
and infect patients with diabetes. A disproportionately high incidence (30-60%) of 
diabetes has been reported in several series of patients with Klebsiella spp. infections, 
including bacteremia (13) and endophthalmitis (14), and diabetes has also been identi- 
fied as a risk factor for infection with Salmonella enteritidis (15). Other microorgan- 
isms commonly seen in association with diabetes include anaerobes, Mycobacterium 
tuberculosis, Candida spp., and the Zygomycetes. Data on infections seen in subjects 
with diabetes and associated with these microorganisms are discussed in detail next. 

Respiratory Tract Infections 
Whether diabetes is an independent risk factor for the incidence of common upper or 

lower respiratory tract infections remains uncertain (16-19). It is widely accepted, 
however, that patients with underlying comorbidities such as diabetes, have more severe 
respiratory tract infections (20). Diabetes may be associated with functional lung abnor- 
malities leading to decreased defense mechanisms against respiratory tract infections 
(16,21), and individuals with diabetes may also have altered host defenses and/or under- 
lying abnormalities that predispose to increased morbidity and mortality (22-24). In 
the largest meta-analysis of community-acquired pneumonia to date, the odds ratio for 
death associated with diabetes mellitus was only 1.3 (18). Respiratory tract infections 
owing to certain microorganisms, such as S. aureus, Gram-negative organisms (e.g., 
Klebsiella), and My. Tuberculosis, may occur in patients with diabetes with increased 
frequency (16). Reduction of pulmonary ciliary clearance by influenza, together with 
the high incidence of nasal carriage of S. aureus among patients with diabetes, leads to 
an increased incidence of staphylococcal pneumonia in patients with diabetes. Although 
diabetes is a risk factor for bacteremia in patients with pneumococcal pneumonia, it 
remains unknown whether pneumococcal pneumonia in patients with diabetes is asso- 
ciated with increased mortality (20). Pulmonary tuberculosis has also been reported to 
occur more frequently among patients with diabetes than in the general population and 
to follow a more aggressive course in patients with poorly controlled diabetes (25). 
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Fungal infections (coccidioidomycosis, aspergillosis, and mucormycosis) may be seen 
more frequently in patients with diabetes (16). 

Pneumonia in patients with diabetes presents with typical clinical signs, fever and 
cough, and chest X-ray remains the main diagnostic tool. Although the widely used 
Patient Outcome Research Team (PORT) predictive scoring system does not include 
diabetes per se (26), serum glucose values >250 convey an extra 10 points in calcula- 
tion of the score (26). The choice of initial antimicrobial treatment for community- 
acquired pneumonia in patients with diabetes should be based on standard 
recommendations and use of the PORT score, but standard regimens should be modi- 
fied if clinical or epidemiological considerations suggest less common pathogens. 
Similarly, nosocomial pneumonia in patients with diabetes should be treated in concert 
with published guidelines and with particular attention to the etiological agents com- 
mon to the patients' setting, while specific efforts should be made to recover the 
causative organism in individual patients. 

Patients with diabetes have a normal response to pneumococcal vaccination, but 
although vaccination is recommended (16), the benefit is likely restricted to the preven- 
tion of extrapulmonary complications, rather than of pneumonia per se. Thus, current 
recommendations are that all patients with diabetes receive annual influenza 
immunization (27). 

Urinary Tract Infections 
PATHOGENESIS AND ETIOLOGY OF ASYMPTOMATIC BACTERIURIA AND/OR UTI 
IN PATIENTS WITH DIABETES 

UTIs rank among the top 10 concurrent or complicating illnesses occurring in 
patients with diabetes (28-30). Evidence from epidemiological studies suggests that 
bacteriuria and UTI are more common in women with diabetes than among those without 
diabetes (29,31,32). Anatomic and functional abnormalities of the urinary tract, recurrent 
vaginitis, poor glycemic control, long duration of diabetes, and the presence of micro- 
angiopathy have all been proposed as risk factors for UTI in diabetes (33,34). Anatomic 
and/or functional abnormalities of the urinary tract, particularly bladder dysfunction, 
are also more frequent among men and women with diabetes and increase the likelihood 
of infection from urinary tract instrumentation (29,35,36). 

Although polymorphonuclear (PMN) leukocyte dysfunction has been suggested to 
contribute to increased risk of UTI in patients with diabetes, in certain studies, PMN 
leukocyte function has not been found to differ significantly between diabetic women 
with or without bacteriuria and/or between these women and nondiabetic control 
subjects (37). Decreased antibacterial capacity of urine and increased adherence of 
bacteria to uroepithelial cells from patients with diabetes (37), as well as altered 
baseline levels of cytokines (e.g., interleukin-6 [IL-6] and IL-8) in serum and urine 
from patients with diabetes (38,39), have also been proposed to contribute, but more 
studies are necessary to better define immune dysfunction in diabetes and its potential 
effect on UTIs. 

The organism most commonly causing UTI in patients with diabetes is E. coli, albeit at 
a significantly lower percentage when compared to age-matched nondiabetic patients 
with both nosocomial and community-acquired UTI (40). Several series have shown a 
significant contribution by Klebsiella spp. especially among patients with uncommon, 
severe forms of UTI, such as emphysematous pyelonephritis (see Emphysematous 
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Pyelonephritis) (41,42). Acinetobacter spp., group B streptococcus, and other unusual 
causes of UTI are more frequently reported among patients with diabetes mellitus 
(43,44). 

ASYMPTOMATIC BACTERIURIA 

When compared with women without diabetes, those women with diabetes experience 
two to four times increased frequency of asymptomatic bacteriuria (39,45,46). Although 
asymptomatic bacteriuria occurs in 4 to 5% of women with anatomically normal urinary 
tracts and is significantly associated with subsequent UTI, it is not associated with other 
adverse health outcomes in nonpregnant women with normal urinary tracts (47). A 
prospective, randomized, double-blind, placebo-controlled trial has demonstrated that 
treatment of asymptomatic bacteriuria in women with diabetes does not reduce the chance 
of having one episode of symptomatic UTI, the time to the first symptomatic episode of 
UTI, the rate of symptomatic UTI, the rate of pyelonephritis, or the rate of hospitalization 
for UTI. Thus, diabetes itself is not a reason to screen women for asymptomatic bacteri- 
uria nor to treat women for this finding (48-50), and there is a consensus that asympto- 
matic bacteriuria should not be treated (49,51-53). 

ACUTE PYELONEPHRITIS 

The incidence of acute pyelonephritis is higher in patients with diabetes compared 
with control subjects, and, more important, its complications may be substantially more 
significant. The upper urogenital tract is involved in up to 80% of UTIs in patients with 
diabetes, and these patients are also hospitalized more frequently (54-56). The clinical 
presentation of acute pyelonephritis is similar to that in nondiabetic patients (fever, lum- 
bar pain) except that bilateral infection is more common. E. coli, Proteus spp. and 
Klebsiella spp. are most commonly isolated, and bacteremia is four times more likely to 
originate from the urinary tract in patients with diabetes than in control subjects. 
Moreover, patients with diabetes and bacteremia are twice as likely to develop acute 
renal failure (56). In fact, there is an increased risk, approximately threefold, of enter- 
obacterial bacteremia in persons with diabetes vs those without, and this is, in large 
measure, driven by UTI (57). Hematogenous spread to distant sites, including the eye 
(58,59) bone, vertebral joints (60), and lungs, has been reported. Other complications of 
pyelonephritis in patients with diabetes include the development of acute papillary necrosis, 
perinephric and intrarenal abscesses, emphysematous pyelonephritis (discussed subse- 
quently), and xanthogranulomatous pyelonephritis (1,2). 

THERAPY 

Empiric therapy of community-acquired acute UTI in patients with diabetes can be 
initiated orally with trimethoprim/sulfamethoxazole (TMP/SMZ) or a fluoroquinolone, 
although in many regions of the United States resistance rates to TMP/SMZ among 
Gram-negative uropathogens exceed 15%. When a patient is septic, or unable to tolerate 
oral therapy, treatment with parenteral antibiotics is necessary. Fluoroquinolones, broad- 
spectrum [3-1actams (carbapenems and cephalosporins), and aminoglycosides can be 
used contingent on anticipated susceptibility of the uropathogens. In diabetic patients 
with preexisting renal dysfunction, potential nephrotoxicity of aminoglycosides makes 
these less desirable therapeutic agents. Empirical therapy should be revised when the 
results of urine and blood cultures are available. If a patient does not improve in 4 to 5 
d, obstruction, papillary necrosis, perinephric or renal abscess, or emphysematous 
pyelonephritis should be considered and the diagnosis pursued using ultrasound or 
computed tomography (CT). 
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PAPILLARY NECROSIS 

Papillary necrosis is the consequence of renal damage owing to ischemia and infec- 
tion. Although diabetes is the most common underlying condition associated with this, 
analgesic abuse sickle hemoglobinopathy should also be considered. Papillary necrosis 
is suspected when diabetic patients with pyelonephritis do not respond to antibiotic 
therapy or when they develop renal failure. Symptoms include persistent flank and 
abdominal pain accompanied by fever (61). The diagnosis is usually established by 
imaging studies such as retrograde pyelography (62). Therapy consists of relief of 
obstruction and effective iv antibiotics. 

PERINEPHRIC AND INTRARENAL ABSCESSES 

Perinephric and intrarenal abscesses are an infrequent but important complication of 
acute pyelonephritis. In one series of patients with pefinephric abscess, 36% had dia- 
betes (63). E. coli and other enterobacterial organisms are typical bacteria causing 
acute pyelonephritis, but when renal infection is a consequence of bacteremia, S. aureus 
is the likely cause. Fever that persists for more than 4 d after the initiation of appropriate 
antibiotic therapy is the most useful clinical finding differentiating patients with a per- 
inephric abscess from those with uncomplicated pyelonephritis. The diagnosis is 
established by ultrasonography or CT scan. Effective therapy requires percutaneous or 
surgical drainage and systemic antibiotics. 

EMPHYSEMATOUS PYELONEPHRITIS 

Emphysematous pyelonephritis, a condition that occurs most commonly in diabetic 
patients, is a rare, acute, life-threatening necrotizing renal and perirenal infection caused 
by gas-forming uropathogens (64-67). It results from an interaction among gas-form- 
ing bacteria, impaired tissue perfusion, high tissue glucose, and a defective immune 
response. Fermentation of glucose with carbon dioxide production by the organisms 
has been proposed as the cause of gas in the tissues (68). 

Similar to acute pyelonephritis, emphysematous pyelonephritis occurs more com- 
monly in women than men. High levels of glycosylated hemoglobin or high levels of 
blood sugar are usually noted in affected patients. Alcoholism, malnourishment, renal 
calculi, or diabetic ketoacidosis is often present (66,69). Rare cases have been reported 
in nondiabetic persons who have anatomic abnormalities of the urinary tract, ureteral 
obstruction, renal failure, or immunosuppression as predisposing factors (68, 70, 71). E. 
coli is the predominant pathogen, followed by Klebsiella spp., as well as Proteus spp., 
Pseudomonas spp., and Streptococcus spp. Mixed culture results are observed in 10% 
of patients. Rarely organisms such as Clostridium and Candida species have also been 
isolated (66). Bacteremia is usually observed. 

Patients with emphysematous pyelonephritis are typically very ill, with high fever, 
abdominal or flank pain, nausea and vomiting, dyspnea, acute renal impairment, altered 
sensorium, and shock. Crepitus over the flank area may occur in advanced cases. 
Pneumaturia is uncommon unless emphysematous cystitis is present. Most cases are 
unilateral, but in 10% of cases, the condition is bilateral and associated with high mor- 
tality (72, 73). 

A high index of suspicion is important for diagnosing emphysematous pyelonephri- 
tis. Patients suspected of having this entity should be stabilized with iv fluids and antibi- 
otics before performing imaging studies of the urogenital tract, which often reveal gas 
in the renal parenchyma and potentially in the collecting system and perinephric tissues. 
Renal ultrasonography is useful, but the CT scan is currently considered the definitive 



382 Tsiodras et al. 

diagnostic imaging study (66). A four-stage clinicoradiological classification scheme 
has been proposed based on the extent of tissue containing gas to assess prognosis and 
to guide management (65). 

Aggressive treatment is essential. Intensive care to allow fluid restoration, initiation 
of systemic antibiotics, cardiorespiratory stabilization, and control of diabetes is 
required immediately; surgical therapy can be subsequently undertaken. Nephrectomy 
was the treatment of choice in most patients in the past and appears to be associated 
with reduced mortality when compared with less aggressive surgery in early stages 
(67, 74-76). However, more recent reports suggest that less aggressive strategies such 
as systemic antibiotic therapy alone or together with alleviation of any obstruction 
(either by percutaneous drainage or by stent placement) may suffice (77-80). 
Specifically, cases with less extensive tissue involvement (i.e., emphysematous 
pyelonephritis class 1 and 2) may be managed effectively by percutaneous drainage 
and antibiotics. Even with more extensive tissue involvement (class 3 and 4), percuta- 
neous drainage and systemic antibiotic therapy may be used initially if renal failure, 
septic shock, and coagulopathy are not present. However, when these features are noted, 
nephrectomy yields better results (65). Definitive treatment for stones may be deferred 
until later (77-80). With therapy mortality remains high (65), and when treatment 
includes nephrectomy mortality rates reach 15-20% (68, 71), but untreated, the disease 
is uniformly fatal. 

EMPHYSEMATOUS PYELITIS 

Emphysematous pyelitis is characterized by gas solely in the renal collecting system 
and is strongly associated with underlying obstruction of the urinary tract. Presenting 
symptoms are similar to those noted in noncomplicated pyelonephritis: fever, nausea, 
vomiting, and abdominal pain. On a plain radiograph, gas outlines the renal pelvis. 
Therapy with antibiotics alone can be effective and successful if obstruction either is 
not present or is relieved promptly (79). 

EMPHYSEMATOUS CYSTITIS 

Emphysematous cystisis may accompany emphysematous pyelitis or emphysema- 
tous pyelonephritis and can cause pneumaturia and hematuria. Other causes of air in 
the urinary bladder should also be considered in the differential diagnosis, however, 
including cysteocolic or cysteovaginal fistula. 

FUNGAL CYSTITIS 

Diabetes mellitus is a common predisposing factor for UTIs caused by yeast, partic- 
ularly Candida species. Infection ranges from bladder colonization and clinical cystitis 
to severe upper tract disease, including emphysematous cystitis (81), and renal or per- 
inephric abscess (82,83). Treatment of upper UTIs, with or without dissemination, 
requires systemic therapy. Imaging should be used to evaluate for obstructing "fungal 
balls" (a mass arising from a group of organisms), which requires removal and relief of 
obstruction when detected. Occasionally, patients with diabetes have such extensive 
fungal pyelonephritis and parenchymal abscess that nephrectomy is required for cure. 
The appropriate treatment of candida colonization or infection confined to the bladder 
remains controversial. Although spontaneous resolution of funguria occurs often (84), 
if an indwelling catheter is present, it should ideally be removed. Removal of an 
indwelling catheter, control of hyperglycemia, and discontinuation of antibiotics will 
result in spontaneous resolution of bladder colonization/infection in many patients and 
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should be part of any attempted treatment (85,86). Other treatment options include 
bladder irrigation with amphotericin B, a single dose of iv amphotericin B, or oral flu- 
conazole (84,87). In a placebo-controlled trial of fluconazole treatment of candiduria, 
candidas were eliminated from the urine at the end of therapy in 50% of patients receiv- 
ing fluconazole vs 29% of those receiving placebo. However, cultures performed at 2 
wk after treatment in patients remaining hospitalized showed similar rates of candiduria 
in the two study groups (88). Although patients receiving amphotericin B bladder irri- 
gation may have higher rates of eradication a few days after the beginning of therapy 
than those receiving oral fluconazole, cure rates are similar 1 mo after the beginning of 
therapy (85). When treatment is considered necessary, fluconazole may be preferred 
because of its ease of administration and relative absence of toxicity; however, increas- 
ing resistance to fluconazole among yeast may limit its utility. 

Skin and Soft-Tissue Infect ions 
Skin and soft-tissue infections occur commonly in patients with diabetes and can be 

life-threatening (89). 

CELLULITIS 

Cellulitis in diabetics is usually caused by the same organisms as in healthy hosts: 
group A streptococci and S. aureus (90,91). Cellulitis caused by group B streptococci, 
which may be complicated by bacteremia, is more common in patients with diabetes 
than in individuals without diabetes. Tender, edematous erythematous skin lesions are 
usually noted to merge gradually with adjacent uninvolved skin. Group A streptococcal 
cellulitis is classically associated with the presence of lymphangitis. The portal of entry 
for infection varies widely and ranges from imperceptible breaks in skin to neuropathic 
ulcerations. 

Aspiration of fluid or biopsy from the leading edge of the erythematous lesion for 
culture is usually not necessary. However, if the causative organism must be identified, a 
biopsy may be done, but the yield is low (92). Blood cultures will occasionally be posi- 
tive and in more severe infections should be obtained prior to initiation of treatment. 

Therapy for cellulitis may be initiated with an antistaphylococcal penicillin or cefa- 
zolin; in the ~-lactam allergic patient clindamycin may be used. Gram-negative organisms 
are an unusual cause of cellulitis even in diabetes, but when suspected, a fluoro- 
quinolone may be added (93). Recently, methicillin-resistant S. aureus (MRSA) have 
been identified as a cause of cellulitis and abscesses with increasing frequency. These 
organisms can be acquired not only within the health care system but also in the com- 
munity. The potential for skin and soft-tissue infection to be caused by MRSA requires 
initiation of therapy with antibiotics such as vancomycin, deptomycin, or linezolid in 
severely ill patients. 

NECROTIZING FASCIITIS 

Necrotizing fasciitis is the most severe soft-tissue infection in patients with diabetes 
and is associated with mortality rates approaching 40% (1,94,95). Patients with diabetes 
make up 20-30% of patients in case series of necrotizing fasciitis (96). Necrotizing fasci- 
itis typically starts in the subcutaneous space, spreads along fascial planes, and causes 
rapidly progressive necrosis of the superficial fascia and overlying skin. Systemic toxicity 
and high fever are common. The arms, legs, perineum and buttocks, and abdominal wall 
are common sites for this infection. Fournier's gangrene is a form of necrotizing fasciitis 
that involves the scrotum and may extend to the penis and adjacent soft tissue. 
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Necrotizing fasciitis has been classified by the causative organisms: in type 1 infec- 
tion it is caused by a combination of anaerobic and one or more facultative aerobic 
organisms, whereas in type 2, group A streptococci, with or without staphylococci, are 
involved. Others suggest classifying necrotizing fasciitis as polymicrobial when caused 
by facultative Gram-negative bacilli such as E. coli and strict anaerobes such as 
Bacteroides fragilis or clostridium species (90% of cases) or monomicrobial when 
caused by streptococci (10% of cases) (97-99). 

Diagnosis and Treatment of Necrotizing Faseiitis: Pain, which is notably dispro- 
portionate to the severity of the clinical findings of infection, is a hallmark of necrotiz- 
ing fasciitis and should bring the diagnosis to mind. Bullous lesions appear later in the 
course of the disease and are not painful; wounds or eschars are also noted often. 
Crepitus associated with polymicrobial infection can be detected in about half of cases. 
Laboratory tests usually show an elevated white blood cell (WBC) count with a left 
shift, and creatinine phosphokinase levels are often elevated. Plain X-rays are more 
sensitive than physical examination in detecting soft-tissue gas, but CT or magnetic 
resonance imaging (MRI) scanning is most useful to detect deep tissue and fascial 
plane involvement in cases in which clinical suspicion is not very strong. If clinical 
suspicion is high, urgent surgical exploration is indicated and has potentially a dual 
role, diagnostic and therapeutic (97-99). 

Aggressive surgical exploration and debridement of nonviable tissue is the mainstay 
of therapy. Broad-spectrum iv antibiotic therapy should be initiated empirically and can 
subsequently be refined based on Gram stain and culture results. Clindamycin is more 
effective than penicillin in the treatment of group A streptococcal infection in animal 
models. For this reason, as well as to inhibit bacterial exotoxin production, clindamycin 
is administered in combination with a broad-spectrum penicillin B lactamase inhibitor 
(e.g., piperacillin-tazobactam) or a carbapenem. In penicillin-allergic patients, a newer 
fluoroquinolone can be added to clindamycin. 

PYOMYOSITIS 

Pyomyositis, a bacterial infection of the skeletal muscle, manifests clinically with 
fever and localized muscle pain and swelling (26,100), and in a large series of 
pyomyositis cases in the United States, approx 15% of patients had diabetes mellitus 
(101-103), and almost all cases (90%) were owing to S. aureus. 

CT or MRI scanning is used to delineate the extent of muscle involvement. Although 
diabetic muscle infarction has a similar MRI appearance, muscle biopsy either open or 
percutaneous allows a definitive diagnosis (95,104-106). Treatment includes iv antibi- 
otics with good S. aureus, and possibly MRSA coverage (in areas or settings in which 
these strains are prevalent), and surgical drainage or debridement when there is abscess 
formation or significant tissue necrosis. The outcome is usually good with minimal 
long-term sequelae (100). 

Diabetic Foot Infections 
Foot infections are frequent in patients with diabetes (Table 2), accounting for up to 

20% of diabetes-related hospital admissions (107-111). Infection frequently develops 
in existing neuropathic diabetic foot ulcers and is a major cause of morbidity (111-113), 
and approx 15% of diabetic patients with foot ulcers may subsequently develop under- 
lying osteomyelifis (114). Infection, especially when it coexists with significant peripheral 
vascular disease (PVD), is a major risk factor for lower-extremity amputation 
(109,115-118). 
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Table 2 
Diabetic Foot Infections 

Infected foot ulcer 
Superficial structure infections 

Skin infection, e.g., local or extended cellulitis 
Nail changes, e.g., fungal paronychia 

Deeper-structure infection 
Fasciitis, necrotizing fasciitis, gas gangrene 
Myositis 
Abscess 
Septic arthritis 
Tendinitis 
Osteomyelitis 

PATHOGENESIS" ETIOLOGY 

Diabetic foot infections most commonly develop when bacteria invade soft tissue 
adjacent to trauma-induced ulcerations. Neuropathy, PVD and local ischemia, and 
decreased resistance to infection, which is often referred to as immunopathy (119-122), 
are established risk factors for diabetes foot infections. 

Sensory and motor neuropathy lead to foot deformities, abnormal weight bearing, 
and trauma, with resulting ulceration. Autonomic neuropathy results in impaired ther- 
moregulation and anhidrosis leading to dry skin with fissuring, which, in turn, can 
serve as portals for bacterial invasion. Ischemia, which commonly results from 
intrapopliteal arterial stenosis or occlusion, contributes to tissue necrosis, a process 
accelerated by local soft-tissue infection. Finally, in the setting of hyperglycemia and 
acidosis, immunopathy, particularly defects in leukocyte function, has been implicated 
in the diabetic patient's susceptibility to infection (6,120), and several studies have 
reported an inadequate leukocytic response to severe foot infection in patients with dia- 
betes (123). Improving glycemic control improves immune function, including the effi- 
ciency of intracellular killing of microorganisms (124). 

Administration of granulocyte colony-stimulating factor may improve granulocyte 
counts, but any effects of stimulating WBC production on clinical outcomes has not yet 
been fully established (125,126). Polymicrobial involvement is the rule in severe dia- 
betic foot infections associated with ulcers that penetrate deep into subcutaneous tissue, 
whereas infections involving skin and more superficial sc tissue are often monomicro- 
bial, mainly owing to S. aureus or streptococci (usually group B). Thus, Gram-positive 
cocci predominate in most infections, but Gram-negative rods and anaerobic organisms 
are also frequently isolated from deeper or limb-threatening infections (127-130). The 
most common organisms cultured are aerobic Gram-positive cocci, mainly S. aureus, 
but also coagulase-negative staphylococci and group B streptococci. MRSA has become 
increasingly prevalent in diabetic foot wounds (131,132), having been isolated from up 
to 30% of all ulcers cultured (132). Enterococcus spp. are often encountered 
(Enterococcusfaecalis was found in 29% of all wounds) (133) but may or may not be 
significant pathogens. Corynebacterium species, commonly known as diphtheroids, are 
also frequently recovered but are not likely pathogens in this setting (134). The faculta- 
tive Gram-negative bacilli most frequently cultured include Proteus species, E. coli, 
and other Enterobacteriaceae (135). P. aeruginosa is recovered in approx 10-20% of 
cultures taken and is usually encountered in chronic ulcers that have failed to heal 
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during prior antimicrobial treatment (133,136,137). Anaerobic organisms, although 
rarely occurring in pure culture, can be found in as many as 80% of patients with severe 
polymicrobial infections (137,138). Peptostreptococci (anaerobic Gram-positive cocci) 
and Bacteroides species are the major anaerobic pathogens. 

CLINICAL DIAGNOSIS: CLASSIFICATION 

The clinical diagnosis of foot infection is based on the presence of the classic signs 
of inflammation around the ulcer together with purulent discharge from the ulcer. Pain 
and tenderness may be absent, owing to neuropathy. Erythema may also be absent in 
the diabetic foot because of the inability to increase blood supply in response to infec- 
tion (107). Moreover, systemic signs of fever and leukocytosis may be absent in up to 
50% of patients with deep foot infections (107,115,123,139,140). Poor glycemic con- 
trol might be the only systemic finding indicating an underlying infection (119). In 
fact, leukocytosis, fever, malaise, and extreme hyperglycemia are associated with severe 
infection often complicated by bacteremia. 

Several schemas have been proposed for the clinical classification of diabetic foot 
infections based on severity, extent or depth of involvement, clinical characteristics, 
anatomic location, and etiology (107,111,120,141-143). A simple approach is to cate- 
gorize infections as mild, moderate, or severe (111). Infections can also be classified as 
non limb threatening or limb threatening (1). Mild infections are usually associated 
with superficial ulcers without bone or deep-tissue involvement and can be managed on 
an outpatient basis. Moderate infections might have varying degrees of deep-tissue 
involvement with little necrosis and no systemic toxicity and may or may not require 
hospitalization. Severe infections can have extensive or rapidly progressive cellulitis, 
deep-tissue necrosis, bone infection, gangrene, ischemia, and systemic toxicity. These 
are limb threatening and require hospitalization (107,111,119,12 7,141). Non-limb- 
threatening infections are typically superficial with a small area (<2 cm) of surrounding 
cellulites; no ulceration or, at most, a superficial ulceration; and no signs of systemic 
toxicity. Outpatient management is generally appropriate. Conversely, limb-threatening 
infections show signs of extensive involvement including ulcerations that will probe 
deeply to bone, joint, or deep fascial compartments; a larger area of surrounding cel- 
lulitis (>2 cm) with edema; erythema; and often concomitant lymphangitis. Fever, 
malaise, leukocytosis, and hyperglycemia are variable. Ulceration that probes to bone 
or joint prior to debridement is indirect evidence of osteomyelitis (144). Limb-threaten- 
ing infection or any infection associated with significant ischemia could be life-threat- 
ening and requires prompt hospitalization (1). 

DIAGNOSTIC EVALUATION 

Evaluation of lower-extremity infection must be systematic and thorough (145). 
Wounds should be probed to ascertain the presence of underlying sinus tracts or abscesses, 
as well as deep extension along fascial planes. Probing also helps to determine whether 
bones or joints are involved in deep infection. When bone is palpable by gently advanc- 
ing a sterile steel surgical probe into the wound, treatment for osteomyelitis is recom- 
mended, because the positive predictive value for osteomyelitis is 89% (144). If bone 
cannot be detected by probing and plain radiograph does not suggest osteomyelitis, the 
recommended treatment is a course of antibiotics directed at soft-tissue infection. 
However, because occult osteomyelitis may be present (146), radiography should be 
repeated in 2 wk, in search of corrosive changes indicating bone infection. 
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Clinically uninfected ulcers should not be cultured and superficial swabs from an 
infected ulcer are not ideal for culturing, because both colonizing and infecting organ- 
isms are recovered. Infecting organisms are more reliably detected in specimens 
obtained by curettage of the base of the ulcer after debridement (111,141,147-149), 
and needle aspiration is a reliable method of detection, although its sensitivity is low 
(135,150). Culturing of bone specimens, obtained by percutaneous biopsy or surgical 
excision (through approaches that do not traverse the ulcer), is the best method for 
determining the cause of underlying osteomyelitis. 

X-rays should be obtained and evaluated for evidence of osteomyelitis or soft-tissue 
gas. If gas is identified in the ankle or hind foot, radiographs of the lower leg should be 
obtained to assess the extent of the gas formation. Whereas X-rays are very insensitive 
indicators of acute osteomyelitis, they are fairly specific when classic erosive or lytic 
changes are present in concert with a positive probe test (151,152). When plain-film 
images are negative and there is clinical suspicion for underlying osteomyelitis, 
radionuclide scanning with technetium-99m methylene diphosphonate ("bone scan- 
ning") can be used to detect bone infection (153,154). Although the sensitivity of three- 
or four-phase bone scans approaches 90-100%, their usefulness is tempered by the 
high frequency of false-positive results that reduce the specificity to <50% (146,155). 
The presence of Charcot arthropathy is especially problematic in diagnosing concur- 
rent osteomyelitis because bone scans will uniformly be positive. Labeled leukocyte 
scintigraphy is somewhat more accurate in diagnosing pedal osteomyelitis but speci- 
ficity remains suboptimal (156). By contrast, MRI is both a very sensitive and specific 
indicator of bone infection. Sensitivity for osteomyelitis in diabetic foot infections 
ranges from 90 to 100%, and specificity ranges from 80 to 100% (157). 

Given that the absence of palpable pulses does not unequivocally indicate that 
ischemia is present, peripheral arterial circulation should be assessed through noninva- 
sive testing in the absence of pedal pulses. Arterial segmental Doppler pressures with 
waveforms, including ankle and toe pressures and calculation of the ankle/brachial 
indices (ABIs), are very useful in the evaluation of peripheral foot ischemia (119). 
Transcutaneous oxygen tension measurements can also be a fairly reliable indicator, 
wherein levels <20-25 mmHg would portend a poorer prognosis for healing (158). 
Finally, in all patients with nonhealing ulcers, vascular surgical consultation and 
angiography should be obtained to determine the need for limb-salvaging arterial revas- 
cularization. Infection in a foot wherein arterial insufficiency compromises wound 
healing is always limb threatening. 

MANAGEMENT OF DIABETIC FOOT INFECTIONS 

Antimicrobial therapy alone is rarely sufficient in the management of diabetic foot 
infections, especially when ulcers are present. Adjunctive management should always 
include avoidance of weight bearing (off-loading), debridement, control of hyperglycemia, 
and management of ischemia (111,159-161). Careful follow-up is necessary in non- 
limb-threatening infections that are managed on an outpatient basis, because lack of a 
favorable response or nonadherence to prescribed treatments could lead to hospitalization. 

Management of Nonlimb-Threatening Infections. Non-limb-threatening infec- 
tions can usually be managed without hospitalization. These infections are primarily 
monomicrobial and are caused by S. aureus and Streptococcus spp. especially group B 
streptococci (1,160,161). Thus, after culturing, empiric oral antibiotic therapy can be 
initiated using penicillinase-resistant antistaphylococcal penicillins (cloxacillin, 



388 Tsiodras et al. 

dicloxacillin), cephalexin, clindamycin, fluoroquinolones, and TMP/SMZ. A patient's 
response should be assessed 48-72 h later and antibiotic therapy adjusted, if necessary, 
based on culture results and the clinical response to treatment. Appropriate wound care, 
including debridement, sterile dressings, and off-loading is essential. Topical agents 
have been used adjunctively on infected wounds (e.g., silver dressings, silver sulfadi- 
azine cream, mafenide acetate, povidone-iodine solution, ciprofloxacin solution), but 
their benefit over systemic antibiotics and sterile dressings has not been proven 
(133,148,162). If improvement is not noted, hospitalization aiming at more aggressive 
care should be considered (111,159-161,163-165). 

Management of Limb-Threatening Infections. Patients with limb-threatning 
infections require immediate hospitalization for debridement, metabolic control, and 
parenteral antibiotic therapy (111,119,166,167). Delays in appropriate treatment can 
result in more proximal levels of amputation (1). Surgical management of limb- 
threatening infections is vital and includes debridement of necrotic tissue, drainage 
of abscess cavities, and securing of deep specimens for aerobic and anaerobic cul- 
tures (159). In patients with severe neuropathy, this can often be performed at the 
bedside. After debridement, patients are kept on bed rest to allow further dependent 
drainage and reduction of edema. In many cases, limb salvage depends on restoring 
perfusion to an ischemic foot, but sepsis should be controlled before revasculariza- 
tion. In severe, difficult-to-control infections, an open amputation (one or more toes) 
or in cases of life-threatening sepsis, guillotine amputation of the foot may prove to 
be necessary, although preservation of foot structure, which is necessary for weight 
bearing once the episode is finally resolved, is the primary goal (119,168). Multiple 
debridements may be required on occasion, and special measures for wound closure 
such as plastic flaps, grafts, or negative-pressure dressings may be necessary (169). 
Hyperbaric oxygen therapy is frequently considered an adjunctive measure to 
enhance oxygenation of peripheral tissues, but there is a paucity of controlled trials 
to prove its efficacy (170). 

It is not unusual to recover three to five organisms from deep-tissue cultures of limb- 
threatening foot wounds, especially when these are complicated by ischemia and gan- 
grene (1). Empirical antibiotic therapy should include broad-spectrum coverage for 
common Gram-positive and Gram-negative isolates as well as anaerobes (111,148,159). 
Previous culture results, when available, may also assist in choosing initial antimicrobial 
regimens. Antimicrobial agents useful in this setting include [3-1actam and ~-lactamase 
inhibitor combinations, carbapenems, fluoroquinolones, or third-generation cephalosporins 
or cefepime in combination with agents to enhance antistaphylococcal or antianaerobic 
therapy (111,128,129,151,161,171). Since single-agent treatment often fails to cover 
all responsible organisms, frequently several antibiotics need to be administered for 
more severe infections until culture results allow specific target therapy. Because limb- 
threatening infections often occur in patients who have been either treated previously 
or hospitalized frequently, attention must be given to infections caused by resistant 
organisms, especially MRSA, P. aeruginosa, and resistant Gram-negative rods. 

Management of Osteomyelitis. Osteomyelitis frequently accompanies severe dia- 
betic foot infections (115,151,152) and in addition to antimicrobial therapy usually 
requires resection of infected bone with or without local amputation (172). When the 
infected bone has been completely resected (or amputated), the antibiotic therapy may be 
directed at residual soft-tissue infection; prolonged antibiotic therapy recommended for 
osteomyelitis is thus avoided. However, if residual infected bone remains, prolonged (at 
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least 6 wk) antibiotic therapy based on the culture results is advised. Moderate success 
rates (63-77%) in managing osteomyelitis have been reported with prolonged antibiotic 
therapy alone (173,174). Parenteral or oral agents may be used, often in combination, 
depending on the microbial isolates, and antimicrobial treatment with (154,173,174) 
antibiotic-impregnated polymethylmethacrylate beads or absorbable calcium sulfate pel- 
lets has been advocated as adjunctive treatment of osteomyelitis (175). These devices 
produce high concentrations of an antibiotic locally with no concerns about systemic tox- 
icity. Typically, gentamicin, tobramycin, or vancomycin is used. Nonabsorbable beads are 
removed in 2-4 wk. Absorbable beads, although not requiring removal, have the disad- 
vantage of leaking calcium sulfate for several weeks. Further research is necessary to 
define the utility of these adjunctive measures (175,176). 

Candida Skin Infections 
Superficial yeast such as candidal balanitis and vulvovaginitis are frequently seen in 

patients with diabetes and not infrequently are the presenting manifestation of diabetes 
(177). Vulvovaginal candidal infection is a common cause of pruritus vulvae. Other 
presenting signs include vulvar erythema that may be accompanied by fissuring with or 
without satellite pustules. Vaginitis is usually accompanied by a white discharge. 
Traditional treatment involves normalizing blood sugar and treating both the vagina 
and vulva with topical antifungals. Vaginal candidiasis can also be treated with one 
150-rag oral dose of fluconazole. 

Angular stomatitis owing to Candida spp. is common in children and is seen occa- 
sionally in adults with diabetes (177). It presents as white, curdlike material that adheres 
to erythematous, fissured areas at the angle of the mouth or as white patches on the 
buccal mucosa and palate. Diagnosis is readily confirmed by examination of a KOH 
preparation. Successful treatment may depend on normalization of blood sugar and the 
use of topical antifungals or oral fluconazole. 

Paronychia caused by Candida spp. usually involves the hands but may also occur in 
the feet. It usually manifests as erythema, swelling, and separation of the fold from the 
lateral margin of the nail. The proximal nail fold can be involved, and then separation 
of the cuticle from the nail can ensue. Repeated episodes of inflammation are common. 
Bacterial paronychia indicated by purulent discharge can complicate the clinical pic- 
ture. A positive KOH preparation on extruded serous material from the affected area 
confirms the diagnosis (178). Candida infection of the web spaces appears as a white 
patch of skin, often with central peeling, and although it may be difficult to differenti- 
ate from its dermatophyte infection, its diagnosis can be confirmed on KOH prepara- 
tion. Finally, candidal nail plate infections present with distal yellowing or whitening 
and thickening of the toenail resembling dermatophyte infections (178). 

Dermatophytosis (Tinea Pedis) 
Candida spp. and more frequently tinea pedis may lead to inflammation and fis- 

suring in the toe web spaces that serve as a portal of entry for bacteria and subse- 
quent development of diabetic foot infections. Thus, tinea pedis should be 
aggressively managed in patients with diabetes especially when neuropathy and 
ischemic changes are present (179-182). The nail dystrophy resulting from tinea 
infections may make proper nail care more difficult for the patient. Itraconazole (200 
mg/d for 1 wk a month for 4 mo) and terbinafine (250 mg/d for 3 too) can be used for 
treatment (179-182). 
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O T H E R  SERIOUS INFECTIONS SEEN IN PATIENTS W I T H  DIABETES 

Zygomycosis-Mucormycosis 
Rhizopus spp., which is the most common organism causing zygomycosis in humans, 

as well as Rhizomucor spp., Mucor spp., and Absidia spp., are commonly found on fruits, 
on bread, and in the soil and are common components of decaying organic debris (183). 
They are generally saprophytic and do not cause disease in immunocompetent hosts, 
although they are the third most frequent cause of invasive fungal infection in immuno- 
compromised patients. The pathogenesis involves invasion of major blood vessels, with 
subsequent ischemia, necrosis, and infarction of adjacent tissues, resulting in the pro- 
duction of a black eschar. Particularly at risk are granulocytopenic and acidotic patients, 
including those with renal insufficiency, diarrhea, and aspirin intake. Approximately 
50% of cases of mucormycosis are seen in patients with type 1 diabetes mellitus (1) usu- 
ally in the setting of ketoacidosis (184). In addition, patients on glucocorticoid or desfer- 
oxamine therapy and those who have had previous splenectomy are at risk (185,186). 

In rhinocerebral mucormycosis, infection typically begins in the paranasal sinuses 
and extends by contiguous spread through bone and along vascular structures into the 
orbit and brain. Patients typically present with a history of fever, unilateral facial pain 
or headaches, nasal congestion, epistaxis, visual disturbances, and lethargy. Physical 
examination may reveal facial or periorbital cellulitis, proptosis, chemosis, and loss of 
extraocular movement. Palsies of cranial nerves II, III, IV, and VI are frequently noted, 
owing to cavernous sinus invasion. Occasionally, paralysis of the seventh nerve may 
also occur. Black necrotic lesions are generally observed on the hard palate or nasal 
mucosa (187,188). Cavernous sinus thrombosis (patients typically present with severe 
headache, ophthalmoplegia, visual loss, and corneal anesthesia) or internal carotid 
artery thrombosis with hemiparesis occur in about one-third of cases (189), and patients 
who present with these central nervous system (CNS) complications are at a very high 
risk of death (186). Finally, zygomycetes may also cause pulmonary infection in 
patients with diabetes (188). 

A major pitfall in treating zygomycosis is differentiating it from more common bac- 
terial infections, which may delay diagnosis, surgical resection, and appropriate anti- 
fungal therapy (190-193). Diagnosis requires a high index of suspicion and is 
established with evidence of tissue invasion by fungal organisms. Scrapings from 
necrotic nasal tissue examined with KOH may reveal the characteristic appearance of 
broad, irregularly shaped nonseptate hyphae with right-angle branching. Fungal stains 
revealing these organisms in biopsy material obtained from necrotic tissue remain the 
mainstay for a definitive diagnosis. Fungal culture of biopsy tissue may be helpful, but 
results are only positive in 15-25% of cases despite positive histopathology. No sero- 
logical tests are available, and blood cultures are not useful. Findings on radiographs of 
sinuses and orbits are nonspecific, but contrast-enhanced CT or MRI scans may demon- 
strate erosion or destruction of bone or sinuses and delineate the extent of disease, 
including CNS involvement (187). 

Successful treatment requires correction of the underlying risk factors, antifungal 
therapy with high doses of liposomal amphotericin B, or one of the newer azole agents 
(posaconazole but not voriconazole) together with aggressive surgery to debride all 
affected tissue (194,195). Surgeons must remove all devitalized tissue and consider 
wide surgical debridement, if feasible. Endoscopic sinus surgery has been recently used 
successfully in the management of rhinocerebral mucormycosis (196). Liposomal 
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amphotericin B derivatives administered for prolonged periods are utilized more fre- 
quently nowadays in an effort to lessen renal toxicity. Aggressive measures to control 
hyperglycemia and ketoacidosis are crucial. 

Mortality rates are very high because the infection has frequently spread and caused 
extensive tissue destruction by the time of diagnosis. The mortality rate is approx 85% 
for patients with the rhinocerebral form, whereas the overall mortality rate is approx 
50% (197,198). 

Malignant (Necrotizing) External Otitis 
Malignant external otitis is an invasive infection of the external auditory canal and 

skull base that usually develops in elderly patients with diabetes. Malignant otitis externa 
can on rare occasions be seen in patients who are immunocompromised owing to malig- 
nancy, acquired immunodeficiency syndrome, and malnutrition (199-201). 

Malignant external otitis is caused by P aeruginosa in nearly all cases (199,202). 
Other isolates often represent normal auditory canal flora. However, S. aureus (203), 
Proteus mirabilis, Klebsiella oxytoca, (204) and Pseudomonas cepacia (205) have been 
reported to cause malignant external otitis. In rare cases, fungi, most often Aspergillus 
fumigatus, cause this infection (206-209). 

CLINICAL PRESENTATION 

Severe otalgia unresponsive to routine analgesics and worse at night accompanied 
by otorrhea unresponsive to local agents is the presenting manifestation. Tenderness 
and swelling in the periauricular area often extending to the temporomandibular joint is 
common, and pain is aggravated by chewing. Inflammation and edema are present in 
the auditory canal, and granulation tissue is characteristically present at the bony-carti- 
laginous junction (at the site of the fissures of Santorini). Frequently, the ear canal is 
occluded, with resultant mild conductive hearing loss (202,210,211). The tympanic 
membrane is almost always intact. Disease progression is associated with osteomyelitis 
of the skull base and temporomandibular joint (202,210,211). 

Cranial nerve palsies generally indicate advancing infection, with facial nerve palsy 
the most common presentation. CNS complications, including meningitis, brain 
abscess, and dural sinus thrombophlebitis, are rare but can be fatal (202,210,211). 

DIAGNOSIS 

There is no single pathognomonic criterion that defines malignant external otitis. 
The diagnosis is generally made on the basis of a range of clinical, laboratory, and 
radiographic findings. Typical signs of infection such as fever and blood count 
abnormalities are notably absent. Although nonspecific, erythrosyte sedimentation 
rate is usually markedly increased and can be used to monitor disease activity 
(199,211). Certain imaging modalities can be useful in the diagnosis and follow-up 
of malignant external otitis. Contrast-enhanced CT or MRI scans are ideal for the 
initial assessment of soft-tissue involvement, bone erosion, and dural inflammation. 
A quantitative bone scan can distinguish malignant external otitis from more benign 
infections and can correlate with disease activity (212), but newer scans with single- 
photon emission computed tomography may be more helpful (213). The differential 
diagnosis includes squamous cell carcinoma that can occasionally present as a 
painful, draining ear. Therefore, a biopsy to distinguish invasive infection from can- 
cer is advised. 
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TREATMENT 

Systemic antipseudomonal antibiotics are the primary therapy for malignant external 
otitis caused by P. aeruginosa. Ceftazidime or imipenem may be used, but ciprofloxacin 
(750 mg orally twice per day), if the isolate is susceptible, seems to be the antibiotic of 
choice, based on clinical experience; however, comparative trials of several antibiotics 
have not been performed to date (214-216). Despite the relief of symptoms (pain and 
otorrhea), prolonged treatment for 6-8 wk is still recommended. Surgical debridement 
of the auditory canal and topical antipseudomonal therapy provide adjunctive treat- 
ment. Extensive surgical debridement is rarely undertaken given the efficacy of modern 
antimicrobial therapy. If organisms other than P. aeruginosa are causative, antimicro- 
bial therapy based on in vitro susceptibility and treatment of osteomyelitis at other sites 
should be administered for several months. 

In the past few years, ciprofloxacin-resistant P. aeruginosa strains have been isolated 
from patients with malignant external otitis (217). Most cases have been effectively 
treated with a prolonged (>12 wk) course of an antipseudomonal [3-1actam agent (cef- 
tazidime, piperacillin, imipenem) with or without an aminoglycoside. 

Emphysematous Cholecystitis 
Emphysematous cholecystitis is a rare variant of acute cholecystitis. This infection is 

characterized by the presence of gas in the gallbladder lumen, gallbladder wall, or peri- 
cholecystic tissues. Compared with those with typical acute cholecystitis, patients with 
emphysematous cholecystitis are at greater risk of gallbladder necrosis, perforation, 
and peritonitis, for which diabetes is frequently a risk factor, its frequency ranging 
between 38 and 55% of patients with emphysematous cholecystitis (218). The most 
common organisms isolated from patients were Clostridial species (46%), especially 
Clostriclia welch& and E. coli (33%) (219). Symptoms are typical of acute cholecysti- 
tis, unless there is gallbladder perforation. Diagnosis is made by radiological imaging, 
because an abdominal radiograph may detect gas in the gallbladder, as can ultrasonog- 
raphy (220). CT scan is probably the most sensitive radiological test for emphysema- 
tous cholecystitis, however. Prompt cholecystectomy is required in conjunction with 
broad-spectrum antibiotic therapy, including coverage for anaerobes and Gram-nega- 
tive bacilli. Combinations of ~-lactams and ~-lactamase inhibitors, carbapenems, or 
multidrug combinations are usually effective. The mortality rate is much higher for 
patients with emphysematous cholecystitis than for acute nonemphysematous chole- 
cystitis. In patients under age 60, mortality of emphysematous cholecystitis is 15%, 
compared with 1.4% in patients with acute nonemphysematous cholecystitis. 

Periodontitis 
Periodontitis is a chronic inflammatory bacterial disease of the tissues that surround 

and support the teeth. The disease results in loss of attachment of ligament fibers 
and supporting alveolar bone, which if left untreated can increase the mobility of a 
tooth and necessitate extraction. Diabetes may complicate the pathogenesis of peri- 
odontitis by causing abnormalities in the vasculature of the gingival tissues, deregulat- 
ing the normal production of cytokines and growth factors, decreasing the synthesis 
and crosslinking of collagen, increasing collagenase levels, and depressing immune 
responses (221). The risk of oral infections, particularly periodontitis, among patients 
with uncontrolled or poorly controlled diabetes is two to four times higher than that 
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noted among healthy persons or patients with well-controlled diabetes (221). 
Aggressive, more rapidly progressive, and difficult-to-treat forms of periodontitis 
develop in approx 30-45% of adult patients with diabetes mellitus and are concentrated 
primarily among those with poor glucose control. The prevalence of periodontal dis- 
ease among patients with well-controlled diabetes is no higher than that in healthy 
nondiabetic subjects. This relationship suggests that poor control of blood glucose 
facilitates the development of periodontitis. Conversely, recent reports suggest that 
periodontitis may result in destabilization of metabolic balance in patients with diabetes. 
These findings suggest that prevention of and therapy for periodontitis and possibly 
other oral infections must be part of the overall care of patients with diabetes 
(222,223). 

CONCLUSIONS 

We have provided a short synopsis of infections frequently seen in patients with dia- 
betes. Infections in patients with diabetes may result in increased morbidity and mor- 
tality because of immune defects associated with hyperglycemia or because of other 
comorbidities frequently accompanying or complicating diabetes. Consequently, physi- 
cians should have a low threshold for aggressively pursuing the diagnosis and treatment 
of infection in patients with diabetes. 
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I N T R O D U C T I O N  

The presence of abnormalities of glucose metabolism (1), hyperlipidemia (2-5), and 
body fat redistribution (6-9) were first recognized in patients with human immunodefi- 
ciency virus (HIV) taking antiretrovirals approx 7 yr ago. Thus, acquired lipodystrophy 
and the associated metabolic syndrome, an extremely rare entity in the past, is now 
commonly seen in patients with HIV (10). 

Although the term lipodystrophy, mostly but not exclusively applying to body fat 
redistribution, was initially used to describe this syndrome, the term HIV/highly active 
antiretroviral therapy (HAART)-associated metabolic syndrome is currently being 
increasingly used. This syndrome increases morbidity and probably mortality, impairs 
quality of life, and affects patients' adherence to antiretrovirals. Thus, this syndrome is 
of considerable clinical interest. Both clinical and research efforts are confounded, how- 
ever, by the lack of a widely accepted definition and diagnostic criteria for HIV/HAART- 
associated metabolic syndrome (11-14). In this review, we describe the components of 
the syndrome and discuss the risk factors, pathogenesis (Fig. 1), clinical manifestations 
and implications, as well as the therapeutic approaches to this syndrome. 
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Fig. 1. Mechanisms operating in HIV/HAART-associated lipodystrophy and metabolic syndrome. 
PPAR~/, peroxisome proliferator activated receptor type gamma. GLUT4, glucose transporter 4; Glc, 
glucose; vpr, HIV-1 accessory protein; IL, interleukin; 1 I[5-HSD, 1 l[3-hydroxysteroid dehydroge- 
nase; apoB, apolipoprotein B; FOXO, family of Forkhead box class O (FOXO) transcription factors; 
SREBP, sterol regulatory element binding protein; PIs, protein inhibitors; NRTIs, nucleoside reverse 
transcriptase inhibitors; NNRTIs, non-nucleoside reverse transcriptase inhibitors; TNF, tumor necro- 
tizing factor; GH, growth hormone; FFA, free fatty acids. 

LIPODYSTROPHY 

Clinical Presentation of Lipodystrophy 
Lipodystrophy is characterized clinically by lipoatrophy/fat loss, lipohypertrophy/fat 

accumulation, or both and is associated with various other components of the 
HIV/HAART-associated metabolic syndrome (15). Lipoatrophy typically includes 
decreased subcutaneous (SC) fat in the upper or lower extremities, with prominent 
veins, loss of SC fat in the buttocks, and facial atrophy (15). Although facial and periph- 
eral lipoatrophy are reminiscent of fat loss in extremely old individuals as well as 
patients experiencing HIV wasting, fat wasting should be differentiated from other 
wasting conditions associated with HIV infection, including the acquired immunodefi- 
ciency syndrome-wasting syndrome, malnutrition, cachexia, adrenal insufficiency, and 
severe chronic infections. 

Fat accumulation can be seen in the area of the neck, dorsocervical region, abdomen, 
and trunk (16,17), or it can manifest as SC fat deposits (i.e., lipomas), particularly in 
the dorsocervical area (18). These findings can be either symmetric or asymmetric. 
Breast enlargement has also been observed (19). 
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These clinical manifestations of fat redistribution make patients presenting with this 
syndrome feel that they could be recognized as HIV positive on the basis of their phys- 
ical appearance, and this may result in stigmatizing effects. 

Epidemiology of Lipodystrophy 
The prevalence of HIV-associated "lipodystrophy" syndrome has been reported to be 

as high as 60-80% in patients receiving HAART (20), but the prevalence of lipodystrophy 
differs among different studies. This may be explained by the lack of a standard defini- 
tion of the syndrome, differences in study design (e.g., cohort vs prospective studies), 
inherent differences among the populations studied, and, most importantly, the duration 
of observation in each study. A representative study has reported that the prevalence of 
any change in body habitus was 62% in protease inhibitor-experienced patients, 33% in 
protease inhibitor-naive patients and 21% in antiretroviral-naive patients (21). The preva- 
lence of fat redistribution seems to be lower in HIV-infected children, however (22). 

Risk Factors and Pathogenesis of HAART-Induced Lipoatrophy 
The development of lipoatrophy is strongly associated with the use of combination 

antiretroviral regimens, the type of antiretrovirals used, and the duration of therapy 
(23). Exposure to nucleoside reverse transcriptase inhibitors (NRTIs) seems to be the 
most important risk factor for the development of lipoatrophy (23,24). Dual NRTI ther- 
apy is more likely to cause fat wasting than is therapy with a single NRTI, and lipoat- 
rophy tends to get worse with increasing duration of therapy (25-28). Stavudine likely 
has a greater effect on lipoatrophy compared with other NRTIs (29,30) whereas newer 
NRTIs, such as abacavir (30,31), emtricitabine, and tenofovir (32,33), appear much 
better in this regard. Other important risk factors for lipoatrophy include increasing age 
(24,27), as well as racial (34) and probably other host factors, since lipoatrophy does 
not develop in the majority of NRTI-treated patients (26,34). Higher baseline HIV 
RNA (23) and CD4 T-lymphocyte counts <100 cells/mm 3 (26,34) have also been asso- 
ciated with HAART-associated lipoatrophy. NRTIs likely induce fat loss via interfer- 
ence with adipocyte differentiation whereas efavirenz, a nonnucleoside reverse 
transcriptase inhibitor (NNRTI), may contribute to fat atrophy through decreased lipo- 
genesis (35). The effect of NRTIs is explained in part by effects on DNA polymerase y 
that lead to mitochondrial toxicity and dysfunction (28,36) and a subsequent decrease 
in mitochondrial DNA (mtDNA) levels in various tissues, including adipose tissue 
(36,37). Depletion of mtDNA has recently been associated with fat tissue loss (38), 
which could lead to peripheral lipoatrophy. This process of mtDNA depletion may be 
difficult to reverse even with discontinuation of NRTIs (39). 

Combination regimens of NRTIs with protease inhibitors may exacerbate fat wasting 
(27) but contribution of the protease inhibitors seems to be less significant than that of 
NRTIs. Protease inhibitors probably act via effects on transcription factors involved in the 
activation of genes responsible for long-chain fatty acid synthesis and adipocyte differenti- 
ation such as sterol-regulatory element-binding protein-lc (SREBP-lc) (40,41). SREBP-lc 
is a natural stimulatory ligand of peroxisome proliferator-activated receptor y (PPARy) and, 
thus, the adipocyte expression of PPARy, a nuclear factor playing essential roles in adipoge- 
nesis, adiponectin production and glucose and lipid metabolism (42,43), is inhibited by pro- 
tease inhibitors (44,45). The fact that PPARy gene mutations result in lipodystrophy 
associated with metabolic abnormalities in patients without HIV too emphasizes the impor- 
tant role of this nuclear factor in the pathogenesis of metabolic syndrome (10). Since PPARy 
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is preferentially expressed in peripheral adipose tissue (46), inhibition of PPAR 7 expression 
by protease inhibitors would result in apoptosis and impaired differentiation of peripheral 
adipocytes, with relative sparing of intra-abdominal visceral adipocytes. This contributes to 
body fat redistribution, abnormal secretion and circulating levels of adipokines, and subse- 
quently to biochemical changes associated with the HAART-induced metabolic syndrome. 

Risk Factors and Pathogenesis of HAART-Induced Fat Accumulation 
and Metabolic Syndrome 

There is significant overlap between manifestations of increased fat accumulation in 
patients with HIV treated with HAART and the general population. In general, abdom- 
inal circumference increases with age (47) and, thus, HIV-infected patients may develop 
abdominal obesity as a result of not only their HAART therapy but also increasing age 
(47,48). Protease inhibitors were the first class of agents to be associated with this syn- 
drome, and efavirenz also appears to be strongly associated with gynecomastia and 
regional fat accumulation in HIV-infected patients receiving HAART (49). Fat accumu- 
lation has been reported to be more common in female than male patients (50,51) and 
is also associated with low viral load levels (52) and smoking (53). 

In addition to the increased fat accumulation in the abdomen, which is mainly owing 
to an increase in visceral fat, hepatic steatosis and increased intramyocellular lipids may 
also contribute to the metabolic changes in HIV-infected patients receiving HAART 
(54-57). This could also be associated with increased circulating fatty acids and subse- 
quently increased storage of fatty acids and/or impaired fatty acid oxidation (54,57,58). 

Fat accumulation in the dorsocervical region of this population is morphologically 
very similar to that seen in Cushing disease, but the hypothalamic-pituitary-adrenal axis 
is not activated in this syndrome (6, 59). Changes in the expression of important enzymes 
in glucocorticoid production locally in the adipose tissue, such as 11 ~-hydroxysteroid 
dehydrogenase type 1, may induce local hypercortisolemia, however, and could thus 
lead to fat accumulation and regional adiposity (60). 

Diagnostic Assessment of Fat Redistribution 
All patients who begin HAART should undergo regular assessment of their body 

morphology. Simple anthropometric measures including waist circumference are easily 
performed clinical measures of central fat accumulation that may provide valuable 
information about future cardiovascular risk (61). More sophisticated and accurate esti- 
mates of body fat distribution include the use of skin-fold calipers, bioelectrical imped- 
ance, regional dual energy X-ray absorptiometry, ultrasonography, and whole-body/ 
single-slice computed tomography (CT) or magnetic resonance imaging (MRI) 
(62-65). Single-slice CT or MRI at the L4-5 level correlates well with whole-body fat 
(66), but, in contrast to MRI, CT is associated with radiation exposure. At present, 
these techniques are only used in research settings. 

LIPID ABNORMALITIES: DYSLIPIDEMIA 

Epidemiology of Lipid Abnormalities 
A cohort study that we performed showed a cumulative incidence of hypercholes- 

terolemia and hypertriglyceridemia of 24 and 19%, respectively, over a 5-yr period 
after the initiation of protease inhibitor therapy (5). Cholesterol elevations were noted 
in 27% of patients receiving a protease inhibitor, 23% of those receiving an NNRTI, 
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and 10% of those receiving an NRTI in a large study, whereas these abnormalities were 
seen in only 8% of antiretroviral naive HIV patients (67). The respective percentages 
were 40, 32, 23, and 15% for hypertriglyceridemia and 27, 19, 25, and 26% for low 
high-density lipoprotein (HDL) cholesterol, respectively (67). The development of dys- 
lipidemia may precede the development of body fat redistribution by 3-6 mo (68,69). 
Since decreases in total HDL and low-density lipoprotein (LDL) cholesterol might 
exist at the time of infection before any treatment is given to patients with HIV, increas- 
ing total cholesterol and LDL cholesterol levels after initiation of HAART may actually 
reflect a return to "baseline preinfection" serum levels (70), and, thus, the HAART- 
induced dyslipidemia may be only relative in nature. 

Risk Factors and Pathogenesis of Lipid Abnormalities 
The development of dyslipidemia is strongly associated with the use of antiretrovi- 

rals, but changes in lipid and lipoprotein were also observed prior to the introduction of 
HAART (71, 72) and were probably associated with both immune modulation, disease 
progression (72), and genetic predisposition (73, 74). Traditional risk factors such as 
age and changes in baseline lipid are also important predictors of HIV/HAART-related 
dyslipidemia (5). Finally, viral progression may be an important risk factor for dyslipi- 
demia, and low HDL has been associated with higher HIV RNA values (29). 

By contrast, younger age, female sex, black race, and NNRTI-containing antiretrovi- 
ral therapy regimens appear to be protective against low HDL cholesterol in HIV-posi- 
tive patients receiving antiretrovirals (29). Therapy with NRTIs or NNRTIs has also 
been associated with dyslipidemia. Nevirapine may have a more favorable lipid profile 
than the other commonly used NNRTI, such as efavirenz (75), and more favorable lipid 
effects for triglyceride and HDL cholesterol levels have also been reported with the 
nonstavudine-containing regimens (29). 

Hypercholesterolemia, hypertriglyceridemia, and increased apoB lipoprotein levels 
appear to have a greater association with the use of protease inhibitor-based regimens 
(5, 76). Specific protease inhibitors differ in theft" effects on lipid levels, with ritonavir char- 
acteristically associated with hypertriglyceridemia (76). The pathogenesis includes pro- 
tease inhibitor effects of SREBPs in the liver and adipocytes (as discussed earlier) (77). In 
addition, protease inhibitors inhibit the proteasome-mediated breakdown of apolipoprotein 
B in hepatocytes and adipocytes (77, 78). This leads to the overproduction of triglyceride- 
rich lipoproteins that circulate freely in the serum, inducing metabolic effects (77). 
Additional mechanisms include the enhanced formation of very low-density lipoproteins 
(VLDLs) (76) by ritonavir, a reduction in lipoprotein lipase activity that has been observed 
with saquinavir (79), and an increased mobilization of the lipid stores (29,80). 

Implications of  Lipid Abnormalities 
Hepatomegaly owing to fatty liver is associated with increased lipid biosynthesis in 

the liver and chronic hypertriglyceridemia (81); extremely high levels of serum triglyc- 
erides may contribute to the development of acute pancreatitis (82). Dyslipidemia can 
also predispose patients to accelerated atherosclerosis and premature coronary artery 
disease (CAD) (83,84), as well as increased risk of cardiovascular (67,85) and cere- 
brovascular (86) events. Other traditional risk factors may interact with hyperlipidemia 
to increase the risk of atherosclerosis, including elevated diastolic blood pressure 
(DBP), decreased tissue plasminogen activator (tPA) levels, and increased plasminogen 
activator inhibitor-1 (PAI-1) levels (87,88). 
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Diagnostic Evaluation for Lipid Abnormalities 
A fasting panel that includes total cholesterol LDL, and HDL cholesterol as well as 

triglyceride levels should be obtained in all patients annually before the institution of 
antiretrovirals. The measurements can then be repeated at regular intervals such as 1 to 
2 mo after initiation of any regimen, and subsequently in longer intervals unless lipid 
abnormalities are detected and/or lipid-lowering therapy is initiated. 

INSULIN RESISTANCE AND ABNORMAL GLUCOSE HOMEOSTASIS  

Epidemiology 
The development of insulin resistance and the subsequent development of impaired 

glucose metabolism are major components of HIV-associated metabolic syndrome (1) 
and are closely associated with changes in fat redistribution. Longitudinal studies have 
reported a 5% cumulative incidence of hyperglycemia 5 yr after the initiation of pro- 
tease inhibitor therapy (5), and/or that diabetes mellitus or impaired glucose tolerance 
(IGT) is approximately threefold as likely to develop in HIV-infected men receiving 
combination antiretroviral therapy as it is in control subjects (89). 

Risk Factors and Pathogenesis 
Traditional risk factors such as family history of diabetes, increased age, and smok- 

ing may play an important role in the pathogenesis of insulin resistance (29), as does 
previous use of pentamidine (5) or coinfection with hepatitis C (90). The presence of 
fat redistribution abnormalities and/or other metabolic changes (i.e., dyslipidemia, as 
well as decreased levels of the adipokines leptin and adiponectin [see below]) a r e  

among the independent risk factors associated with the development of insulin resist- 
ance (15). Visceral fat accumulation is linked to insulin resistance in patients with 
HIV/HAART-associated metabolic syndrome (91), as is SC fat loss in patients with 
lipoatrophy (61). 

In addition, antiretroviral therapy seems to be one of the main risk factors mediating 
insulin resistance in HIV patients treated with HAART (15). The use of protease 
inhibitors mediates insulin resistance by affecting glucose uptake, adipogenesis, and 
lipolysis (92). Protease inhibitors directly inhibit the translocation and intrinsic activity 
of glucose transporter 4 (GLUT4) (93,94), an effect that may be accompanied by 
impaired glucose phosphorylation (58). The newer protease inhibitor atazanavir does 
not appear to have an effect on GLUT4 in vivo, however; and thus, it may have little 
effect on insulin resistance (95). In addition, protease inhibitor-induced increased lipol- 
ysis and elevated free fatty acid (FFA) levels lead to impaired insulin sensitivity (96, 97). 
A detrimental short-term effect on insulin sensitivity has been described for indinavir 
(98) and lopinavir (99) even in the absence of HIV infection. Finally, treatment with 
protease inhibitors may also have an inhibitory effect on insulin secretion (100). 

Virally mediated mechanisms may also be implicated in the development of insulin 
resistance in HIV lipodystrophy. The HIV-1 accessory protein Vpr not only plays an 
important role in mediating viral replication and host cell functions, but also appears to 
increase tissue sensitivity to glucocorticoids (101). Vpr may also inhibit PPAR~, activity, 
(102) and the Foxo proteins that function as negative transcription factors for insulin 
(103), thus contributing to insulin resistance and adipocyte apoptosis. Other mechanisms 
include defects in a-cell function (91) as well as impaired negative feedback of insulin 
on a-cells (104) and sustained CD36 deficiency induced by antiretroviral therapy (105). 
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Adipokines (Adiponectin, Leptin, and Tumor Necrosis Factor-a) 
and Other Proinflammatory Cytokines in HIV/HAART-Associated 

Insulin Resistance and Abnormal Glucose Homeostasis 
Transgenic mouse models of lipoatrophy provide important insights into the devel- 

opment of metabolic syndrome. These include (1) transgenic mice overexpressing 
nuclear SREBP-lc, resulting in disordered adipocyte differentiation and a significant 
decrease in white adipose tissue (WAT) (106); (2) transgenic mice expressing protein 
AZIP/F- 1, leading to inhibition of transcription factors critical for fat development and 
absence of WAT (107); and (3) transgenic PPAR?-/- mice, which also lack adipose tis- 
sue treated with an inhibitor of PPART/retinoid X receptor (108). All these mouse mod- 
els have lipoatrophy associated with marked insulin resistance; hyperlipidemia; and 
decreased expression and/or activation of several molecules, including leptin, 
adiponectin, and PPARy (106-109). In accordance with the hypothesis that dysfunction 
of adipose tissue is the cause of the constellation of metabolic findings, transplantation 
of near-physiological amounts of fat tissue to AZIP/F-1 mice results in reversal of 
insulin resistance and improvement of dyslipidemia (110). 

In humans, rare syndromes of congenital lipoatrophic diabetes exist, which show 
metabolic changes similar to the mouse models just described (111-113). Similarly, 
HIV-positive patients treated with HAART may develop generalized fat depletion or 
lipoatrophy, associated with low adiponectin and leptin levels and features of metabolic 
syndrome (114,115). 

Leptin, a 16-kDa adipocyte-secreted polypeptide, circulates at levels directly propor- 
tional to body fat mass and acute changes in nutritional status. Leptin acts primarily on 
hypothalamic receptors to regulate energy homeostasis, body weight, and neuroen- 
docrine and immune function (116). Moreover, leptin regulates insulin action and lipid 
profile in animals and humans, acting through several mechanisms, including a decrease 
in food intake, a decrease in intrahepatic or intramyocellular lipids, and/or by direct 
and indirect neural stimulation of skeletal muscle adenosine monophosphate-activated 
protein kinase (117,118). Oh/oh mice, which completely lack leptin, and rodents and 
humans with congenital lipoatrophy have low leptin levels, which are associated with 
profound insulin resistance and hyperlipidemia (116,118,119). In humans with congen- 
ital lipodystrophy and metabolic syndrome, administration of leptin at physiological 
doses decreased fasting glucose by 45%, HbAlc by 16%, fasting triglycerides by 61%, 
and FFAs by 61% in a 4-too open-label pilot trial (119). These changes were main- 
rained after 8-10 mo of leptin treatment in another smaller study (120). Fasting leptin 
levels have been shown to correlate well with total body fat concentrations in HIV- 
infected patients (121,122); thus, patients with HAART-induced lipoatrophy and meta- 
bolic syndrome also have decreased leptin levels that are associated with insulin 
resistance (114), suggesting that leptin deficiency may play a role in the pathogenesis 
of this syndrome. 

Adiponectin (AdipoQ, ACRP30, apM1), a 30-kDa adipocyte-secreted hormone that 
circulates in high concentrations in the bloodstream, has also been proposed to be a 
link between central obesity and insulin resistance (116). Adiponectin expression and 
serum levels correlate negatively with total and visceral fat mass and insulin resistance 
and return to normal after long-term weight loss (123). Other adipokines (tumor necro- 
sis factor-~ [TNF-o~], IL-6), ~-adrenergic agonists, glucocorticoids, and testosterone, 
which induce insulin resistance, have also been shown to inhibit adiponectin expression 
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(124,125). At the molecular level, adiponectin expression is stimulated through the 
SREB P- 1/PPAR 7 pathway (126,12 7); humans with inactivating PPAR 7 mutations have 
very low adiponectin levels and severe diabetes, and administration of PPAR~t agonists, 
such as thiazolidinediones (TZDs), increases adiponectin levels by binding to specific 
adiponectin receptors (128) and in this way improves insulin resistance (125). Adiponectin 
acts by enhancing insulin-induced suppression of glucose production in the liver, while 
increasing insulin-dependent glucose transport and FFA oxidation in muscle (129). The 
insulin-sensitizing effects in muscle, like those of leptin, involve activation of AMP-acti- 
vated protein kinase (129). In addition to its beneficial effects on insulin sensitivity, 
adiponectin improves the lipid profile and has anti-inflammatory and antiatherogenic 
effects ( 116,125). 

Adiponectin knockout mice develop insulin resistance (130,131), whereas transgenic 
mice overexpressing adiponectin have improved insulin sensitivity, independent of body 
adiposity (132). Obese and lipoatrophic mice have low circulating adiponectin levels, insulin 
resistance, and hyperlipidemia, and administration of adiponectin improves their metabolic 
profile (108,131). In humans, low circulating adiponectin levels have been consistently 
linked to obesity and several components of the metabolic syndrome, including intra- 
abdominal fat, insulin resistance/type 2 diabetes, elevated triglycerides, low HDL levels, 
and the presence of coronary artery disease (123,133). More important, low adiponectin 
levels precede and correlate well with the decline in insulin sensitivity in previously healthy 
individuals (134,135). This suggests that hypoadiponectinemia may contribute to the patho- 
genesis of insulin resistance. We and others have shown that low adiponectin levels and 
mRNA expression are also seen in conditions associated with fat redistribution and insulin 
resistance, such as congenital lipodystrophy and HIV/HAART-induced metabolic syn- 
drome (113,115,136). A previous study showed that administration of protease inhibitors to 
mice results in decreased adiponectin expression and circulating levels as well as dyslipi- 
demia, and administration of adiponectin ameliorates the lipid abnormalities (137). 

Leptin and adiponectin may have additive effects in normalizing insulin sensitivity 
and metabolic abnormalities in animals, because administration of each hormone alone 
is only partially effective, whereas a combination of physiological doses of adiponectin 
and leptin completely reverses the insulin resistance of lipoatrophic mice, which have 
low adiponectin and leptin levels (108). These observations suggest that the adipocyte- 
secreted hormones leptin and adiponectin may be critical mediators of the insulin resist- 
ance and metabolic syndrome associated with lipoatrophy and that the combined effects 
of these two hormones might be necessary to maintain a normal metabolic state. Initial 
studies involving administration of leptin or adiponectin to subjects with HIV/HAART 
metabolic syndrome are presently under way. 

Clinical Findings Related to Insulin Resistance 
and Abnormal Glucose Homeostasis 

Insulin resistance commonly manifests as hyperinsulinemia in normoglycemic sub- 
jects preceding the development of glucose intolerance and diabetes (61). The latter may 
manifest with the classic signs of polydipsia and increased hunger, polyuria, fatigue, 
poor concentration, blurred vision, changes in weight, and slow wound healing (51,115). 
When insulin resistance is severe, acanthosis nigricans, possibly hypertrichosis, and 
hirsutism can be observed. Hyperinsulinemia is also associated with dyslipidemia, 
increased diastolic blood pressure, and markedly increased levels of PAl-1 (61,138), as 
well as with increased waist circumference and loss of peripheral SC fat. 
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Diagnostic Evaluation of Insulin Resistance and Abnormal Glucose 
Homeostasis 

Patients receiving HAART should be closely monitored for the development of dia- 
betes. The order of events is progression from the normal state to normoglycemic 
hyperinsulinemia, to impaired fasting glucose and IGT, and later to frank diabetes. 
The detection of hyperglycemia is based on determinations of fasting glucose levels 
and when appropriate an oral glucose tolerance test and a glycosylated hemoglobin 
measurement. 

Recent recommendations, based on empirical evidence, suggest that fasting glucose 
should be measured before initiating HAART, 3-6 mo after starting or switching drugs, 
and at least annually during protease inhibitor therapy (139). The formal evaluation of 
insulin resistance is more complex and currently not recommended outside research 
settings. Such evaluation may range from simple fasting insulin levels to more complex 
tests such as the hyperinsulinemic euglycemic clamp, which serves as the "gold stan- 
dard" technique in the research setting. 

Hyperinsulinemia and insulin resistance have been associated with increased cardio- 
vascular risk in the general population (140,141) and may act synergistically with other 
risk factors such as lipid changes, metabolic changes, and associated endothelial dys- 
function to produce accelerated atherosclerosis (142). 

THERAPEUTIC STRATEGIES FOR HIWHAART 
METABOLIC SYNDROME 

Treatment of Lipoatrophy 
Therapeutic attempts have focused on antiretroviral switch strategies (143,144), 

plastic or dermatology surgery for replacement of facial fat loss (145,146), and the use 
of insulin sensitizers (147-150). Avoiding NRTIs that have been associated with lipoa- 
trophy and fat loss (143) and switching from an NRTI to an NRTI-sparing regimen, 
such as indinavir and efavirenz, may lead to significant increases in visceral and SC fat, 
although this could also possibly lead to significant decreases in lean body mass (151). 
When necessary, the substitution of stavudine with abacavir or zidovudine may be 
another effective strategy (143,144). Caution should be exercised, however, in switch- 
ing antiretroviral regimens to treat fat redistribution changes in HIV patients who have 
achieved good immunological status and viral suppression (152,153). 

In HIV-negative patients with diabetes, both the TZDs pioglitazone and rosiglita- 
zone have been reported to increase total body and SC fat with a concomitant decrease 
in visceral fat (154-156). Although initial results from studies on the insulin sensitizer 
rosiglitazone replicated these findings in patients with HIV/HAART metabolic syn- 
drome (147,148), subsequent studies revealed conflicting and rather disappointing 
results (149,150,157). By contrast, a study evaluating pioglitazone found a trend toward 
an increase in total body and abdominal fat over 12 mo of pioglitazone use (158). 

Recently, administration of leptin to patients with congenital and acquired (non-HIV) 
lipodystrophy (119) resulted in significant metabolic improvements (119). We have 
shown in a pilot proof-of-concept study that leptin replacement therapy for 2 mo 
improved the insulin resistance of HIV-positive lipoatrophic and leptin-deficient sub- 
jects without having any adverse effects on lipoatrophy (159). Thus, administration of 
leptin alone or in combination with TZDs or switch strategies could reverse many of the 
metabolic abnormalities observed in HIV/HAART metabolic syndrome. 
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Anabolic steroids cannot be currently recommended for the therapy of lipoatrophy 
because there is evidence that their use may be associated with a decrease in peripheral fat 
(160,161). Finally, costly procedures such as surgical implants, ranging from polymeric 
substances (162), liquid injectable silicone (163), Dermafat grafts (164) to lipoinjection of 
autologous fat (165), have also been tried and injections of polylactic acid, a bioabsorbable 
material that stimulates collagen formation in the buccal area, have also been used to 
improve facial appearance (166). These methods need to be further studied before they can 
be recommended as established safe and effective treatment options. 

Treatment of  Lipohypertrophy 
Approaches that have been used for cases of HIV-related fat accumulation, include 

diet and exercise, antiretroviral switching, anabolic steroids, recombinant human 
growth hormone (rhGH), growth hormone-releasing hormone (GHRH), metformin, 
and insulin-sensitizing agents (15,167). Antiretroviral discontinuation and plastic sur- 
gery have also been suggested. The role of diet in the pathogenesis of HIV/HAART- 
associated metabolic syndrome has not yet been fully elucidated (168); however, 
individualized nutrition care plans are becoming an increasingly common feature of the 
medical management of HIV-infected patients with body fat redistribution (169,170). 
Although modification of diet may theoretically have a beneficial effect in some, if not 
most, subjects with the syndrome, two cross-sectional studies of HIV-infected patients 
failed to show a clear association between total or saturated fat intake and lipodys- 
trophic changes even though total energy intake was higher in the fat redistribution 
compared with the nonfat redistribution group (171,172). A combination of a diet high 
in fiber and an aerobic exercise program may be effective in partially reversing abdom- 
inal obesity (173), but these results have not yet been replicated. Thus, in anticipation 
of future, more detailed studies, one could possibly recommend a decrease in the intake 
of saturated fat and excess calories to subjects with lipohypertrophy. 

Intensive aerobic exercise in subjects without HIV can decrease intra-abdominal adi- 
pose tissue (174), and several small studies have shown a beneficial effect of physical 
activity on metabolic parameters associated with HIV/HAART syndrome (175-179). 
An improvement in lipohypertrophy and dyslipidemia by individualized light aerobic 
training was noted in a study of HIV-infected patients with lipodystrophy and/or dys- 
lipidemia (180); thus, physical activity may also be a significant protective factor for 
the development of fat redistribution syndromes (181). 

Metformin, a medication with insulin-sensitizing properties, has been associated 
with decreased body weight and visceral adipose tissue in HIV-infected subjects with 
central obesity (182,183). Because its use can be complicated by lactic acidosis extreme 
caution should be used in administrating it especially in patients receiving NRTIs and/or 
having liver or renal dysfunction. TZDs are discussed in more detail in the "Lipoatrophy" 
and the "Insulin Resistance" sections, because their role in lipohypertrophy per se has not 
yet been clearly elucidated in HIV/HAART syndrome. A recent review of available 
data concluded that rosiglitazone has no major effect on lipohypertrophy (184), and the 
only available randomized study on pioglitazone did not have the power to analyze data 
according to lipodystrophy category (185). 

Since its first approval for use in HIV-associated wasting (186), rhGH has been suc- 
cessfully used in HIV-negative adults to reduce abdominal adiposity (187,188). 
Administration of GHRH results in a reduction in total body and visceral fat mass in HIV- 
negative patients (189-193), and improvements in total and regional body composition, 
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increased lean mass, and reduced truncal and visceral fat in patients with HIV and 
lipodystrophy (194). One should be extremely cautious in presenting rhGH for patients 
with HIV, however, because high doses of rhGH may lead to worsening of glucose tol- 
erance as well as significant increases in circulating insulin-like growth factor-1, which 
may potentially lead to long-term adverse effects (15). 

The use of anabolic steroids in patients with HIV/HAART-associated metabolic syn- 
drome may result in reduction of truncal fat in a manner similar to that in non-HIV- 
infected patients (195). However, because the use of steroids is also associated with 
peripheral fat loss (see Treatment of Lipoatrophy) and may induce insulin resistance, 
especially in women, these agents should probably be reserved only for selected sub- 
groups of patients. 

Surgical procedures have been used in an attempt to improve lipohypertrophy and 
treat excess dorsocervical fat with successful results especially in cases with prominent 
"buffalo humps" (196,197). Because only small case series describe these invasive and 
expensive approaches, one should carefully review available follow-up data, surgeons' 
experience, and cost before recommending them. 

Treatment of Hyperlipidemia 
The Infectious Diseases Society of America and the Adult AIDS Clinical Trials Group 

have recently published guidelines on the evaluation and management of dyslipidemia 
in HIV-infected adults receiving antiretrovirals (198). Dietary approaches, exercise, anti- 
hyperlipidemic medications, and antiretroviral switch strategies are among the therapeu- 
tic modalities suggested. Risk stratification is important in selecting lipid-lowering 
targets in these subjects (198). Patients with coronary heart disease (CHD), risk equiva- 
lents of CHD, or risk factors for CHD should have lower target LDL cholesterol values. 
For example, for a patient with CHD, the target LDL cholesterol level is <100 mg/dL, 
whereas for individuals with zero to one risk factor, the target LDL cholesterol level is 
<160 mg/dL (198). For patients with triglyceride levels >200 mg/dL, the LDL choles- 
terol target should be achieved first; then the focus becomes the non-HDL cholesterol 
values (198). The initial step in treating HIV-related dyslipidemia is dietary intervention, 
and dietary management should be individualized (170). 

Patients with severe hypertriglyceridemia should consume low-fat diets with the 
caution that diets high in carbohydrates may actually exacerbate hyperinsulinemia. 
Fish oil preparations contain high doses of omega-3 polyunsaturated fatty acids, which 
may lower plasma triglyceride concentrations (199,200). Total and aerobic exercise 
was significantly and inversely associated with fasting plasma triglyceride levels in an 
observational study performed at our institution (172), but well-designed interventional 
studies are not available. Thus, a combination of diet and exercise is recommended in 
anticipation of further more detailed interventional studies. 

For patients for whom diet and exercise are not sufficient and in whom the LDL cho- 
lesterol level is the primary target, a statin is the first choice of therapy, but potential 
significant interactions with the cytochrome-P450 liver enzyme system and antiretrovi- 
rals used should always be considered. Pravastatin, atorvastatin, and fluvastatin seem to 
be better choices in this regard (198,201). Regular follow-up of liver enzymes as well 
as for any evidence of muscle toxicity is necessary when coadministering protease 
inhibitors with statins. For patients with hypertriglyceridemia, a fibrate (e.g., gemfi- 
brozil or fenofibrate) is preferred, the alternative being niacin or fish oil capsules 
(198,202). Fibrates have not been extensively evaluated in HIV-infected patients 
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(83,158,203). Fenofibrate had no statistically significant effect in a randomized clinical 
trial, whereas gemfibrozil may have a less detrimental effect on fat loss (204). Niacin 
may also be used, but its use in HIV-infected patients could possibly be limited by its 
effect of inducing moderate increases in insulin resistance (205). 

Insulin sensitizers may also affect lipid levels favorably in patients with HIV. For 
example, the use of metformin may lead to mild reductions in triglyceride levels 
through decreased hepatic VLDL production (61,96). TZDs, and especially pioglita- 
zone, which has a more favorable effect on the lipid profile compared with rosiglita- 
zone (206,207), also affect favorably the lipid profile by increasing HDL levels 
(158,184), as they do in patients without HIV (208). 

Antiretroviral switch strategies have also been used in the treatment of hyperlipi- 
demia, whereas interruption of HAART improves dyslipidemia. The latter carries 
extreme risks in immunologically and virologically compromised patients (209). Thus, 
switch strategies have been used only in patients with favorable treatment histories 
(198). Because ritonavir regimens are most commonly associated with hyperlipidemia, 
substituting ritonavir for other protease inhibitors, namely, nelfinavir, indinavir (210), 
or the newer atazanavir (211), may prove to have positive effects on hyperlipidemia. 
Improvement in serum triglycerides has been noted with switches from a protease 
inhibitor to an NNRTI but these effects are not consistently seen across all studies 
(212,213), although NNRTIs, such as nevirapine or efavirenz, have beneficial effects 
on HDL cholesterol levels over time (26,214,215). Although an increase in HDL cho- 
lesterol observed after switching from a protease inhibitor to nevirapine may be owing 
to a decreased catabolism of the HDL lipoprotein (216), replacement of a protease 
inhibitor or NNRTI with the NRTI abacavir may result in modest improvements in both 
cholesterol and triglycerides (144). 

Treatment of IGT and Diabetes 
Nonpharmacological approaches such as diet and exercise, as well as antihyperglycemic 

agents such as insulin-sensitizing agents, and insulin are the mainstays of therapy. 
Substitution of an NNRTI, such as nevirapine, for a protease inhibitor may improve insulin 
resistance in patients with HIV (217,218) whereas moderate effects on glucose metabo- 
lism are noted for a switch from abacavir to a protease inhibitor (219). Switch strategies 
are not generally used for patients with insulin resistance or glucose intolerance. 

Diet and exercise are the initial steps in the management of IGT and diabetes. 
Nutritional counseling is important in these patients and should be individualized (170). 
Aerobic exercise in a manner similar to that observed in obese HIV-negative patients 
(220,221) could increase peripheral glucose disposal and improve insulin sensitivity in 
HIV patients with insulin resistance thus delaying and probably preventing the onset of 
diabetes mellitus (173), possibly by reducing muscle lipid content (222). 

Metformin has been shown to increase insulin sensitivity by decreasing plasma 
insulin, triglycerides, and FFA levels in both HIV-negative and -positive patients with 
insulin resistance (182,223). Metformin therapy in HIV patients with lipodystrophy 
and insulin resistance has been associated with reductions in insulin, weight, waist cir- 
cumference, diastolic blood pressure, and concentrations of tPA and PAI-1 (183,224,225). 
Although no significant adverse events have been reported to date, one should be cautious 
about potential side effects. 

TZDs are PPAR~t agonists that initiate a cascade of events leading to increased tran- 
scription or inhibition of genes involved in the regulation of adipocyte differentiation, 
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lipid metabolism, and insulin action (226-228). One of the major effects seen with TZDs 
is their insulin-sensitizing action in peripheral tissues, liver, and adipose tissue (226). 
TZDs increase adiponectin levels and facilitate fatty acid uptake and storage by adipocytes 
(226), leading to a decrease in the levels of circulating FFAs and further enhancement of 
insulin sensitivity. In the adipose tissue, TZDs regulate several enzymes mediating insulin 
sensitivity such as adiponectin, tumor necrosis factor-m, resistin, and 1 l l3-HSD1 
(226-228). In vitro experiments demonstrate that PPARy agonists increase adiponectin 
expression in adipose tissue (227), and treatment with TZDs in vivo markedly increases 
circulating adiponectin levels (229,230). Rosiglitazone has been shown to improve 
insulin resistance in patients with HIV-associated metabolic syndrome but at the 
expense of increased triglyceride and cholesterol concentrations (147-150,231). We 
have shown, in a small interventional study, that administration of pioglitazone has 
favorable effects on insulin sensitivity, lipid abnormalities, blood pressure levels, and 
body fat distribution, possibly by increasing adiponectin levels of HIV-infected patients 
with metabolic syndrome (185). Thus, the presence of frank diabetes requires lifestyle 
modifications and therapy with insulin-sensitizing agents and/or antihyperglycemic 
agents with or without insulin (232,233). Finally, targeting dyslipidemia may amelio- 
rate insulin resistance by decreasing circulating plasma FFAs that are negatively asso- 
ciated with glucose uptake (234). 

Future research efforts will need to pursue aggressively new potent therapies that 
could target insulin resistance in HIV patients with HIV/HAART-associated metabolic 
syndrome. Novel medications that could enhance insulin-stimulated glucose transport 
need to be tested (235), and the role of leptin therapy needs to be further evaluated by 
larger studies on insulin resistance in lipoatrophic subjects. Finally, because patients 
with HIV lipodystrophy have both leptin and adiponectin deficiencies (74,115), admin- 
istration of medications that increase adiponectin, either alone or in combination with 
leptin, could be tested as another treatment option for this syndrome. 

CONCLUSIONS 

Direct medication toxicity and complex interactions between HIV infection and 
combination antiretroviral therapy and/or possibly other factors (e.g., genetic, environ- 
mental) influence an individual's risk of developing HIV/HAART-induced metabolic 
syndrome. HIV/HAART-associated metabolic syndrome currently affects the majority 
of patients treated with potent combinations of antiretrovirals. Significant metabolic 
disturbances including insulin resistance and hyperlipidemia have been identified in 
association with lipodystrophic changes and fat redistribution in these patients. It is 
extremely important for the clinician to diagnose, monitor, and treat the manifestations 
of HIV/HAART metabolic syndrome, because this syndrome may be associated with 
an increased risk of cardiovascular disease and other complications. Individualized diet 
and exercise programs as well as treatment with appropriate medications could amelio- 
rate some of these abnormalities and, it is hoped, prevent the development of complica- 
tions. Finally, research exploring the pathogenesis of the syndrome is continuously 
evolving, and it is expected that in the not too distant future it will be translated into 
tangible benefits for HIV-positive patients with HAART-induced metabolic syndrome. 
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I N T R O D U C T I O N  

The prevalence of type 2 diabetes is increasing rapidly in the United States (1) and 
worldwide (2). It is estimated that the prevalence of diabetes in adults will reach 5.4% 
and the number of adults with diabetes worldwide will reach 300 million in the year 
2025 (2). The diabetes epidemic closely parallels the worldwide epidemic of obesity 
(3). Whereas genotypes resulting in a thrifty metabolism may have been an advantage 
in times of nutrient scarcity, in most parts of the world these same genes when com- 
bined with an increasingly inactive and hypercaloric lifestyle may now contribute to 
obesity and diabetes (4). 

Diabetes is associated with serious health consequences. It is a major risk factor for 
coronary heart disease (CHD) and stroke. In fact, the vast majority of patients with dia- 
betes die of cardiovascular complications. Diabetes is also the leading cause of blind- 
ness, kidney failure, and nontraumatic amputations, resulting from microvascular 
complications. The economic toll of diabetes is enormous, exceeding $132 billion in 
2002 (5). 

Diet and lifestyle modifications are considered the cornerstone in the prevention and 
management of type 2 diabetes (6). In this chapter, we describe recent developments in 
the prevention and treatment of diabetes through diet and lifestyle modifications from 
observational studies and clinical trials. 
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PREVENTABILITY OF TYPE 2 DIABETES 

Both epidemiological studies and clinical trials have demonstrated that type 2 dia- 
betes is largely preventable through diet and lifestyle. Using data from the Nurses' 
Health Study, we defined a low-risk group according to five variables: 

1. A body mass index ([BMI]; the weight in kilograms divided by the square of the height 
in meters) of <25. 

2. A diet high in cereal fiber and polyunsaturated fat and low in trans fat and glycemic 
load (which reflects the effect of diet on blood glucose level). 

3. Engagement in moderate to vigorous physical activity for at least half an hour per day. 
4. No current smoking. 
5. The consumption of an average of at least a half serving of an alcoholic beverage per day. 

Compared with the rest of the cohort, women in the low-risk group (3.4% of the 
women) had a relative risk (RR) of diabetes of 0.09 (95% confidence interval [CI]: 
0.05-0.17). A total of 91% of the cases of diabetes in this cohort (95% CI: 83-95%) 
could be attributed to the five factors listed. Thus, these data provide strong epidemio- 
logical evidence that the majority of cases of type 2 diabetes could be prevented by the 
adoption of a healthier lifestyle. 

The preventability of diabetes has also been demonstrated by several randomized tri- 
als. In a Chinese trial, 577 subjects who had impaired glucose tolerance (IGT) were ran- 
domly assigned to either the control group or to one of three different intervention groups 
(diet, exercise, or diet plus exercise) (7). Participants in the diet intervention group were 
prescribed a diet with a specific fat content and with individual goals for cereal, vegeta- 
bles, meat, milk, and oil intake. Compared with the control group, the diet-alone, exercise- 
alone, and diet-plus-exercise interventions were associated with 31, 46, and 42% 
reductions in risk of developing diabetes, respectively. In the Finnish Diabetes 
Prevention Study (8), 522 persons with IGT were randomly assigned to either the con- 
trol group or an intervention group in which each individual received counseling aimed 
at reducing weight, total intake of fat, and intake of saturated fat and increasing both 
intake of fiber and physical activity. The intervention resulted in an overall risk reduc- 
tion of 58%. In the US-based Diabetes Prevention Program (9% 3234 nondiabetic per- 
sons with IGT were randomly assigned to placebo, metformin (a biguanide that lowers 
blood glucose levels primarily by decreasing hepatic glucose production) (850 mg twice 
daily), or a lifestyle modification program with the goals of at least a 7% weight loss and 
at least 150 min of physical activity per week. In this study, 50% of the participants in 
the lifestyle intervention group had achieved the goal of weight loss of 7% or more by 
the end of the curriculum (at 24 wk), and 38% had a weight loss of at least 7% at the 
time of the most recent visit; the proportion of participants who met the goal of at least 
150 min of physical activity per week was 74% at 24 wk and 58% at the most recent 
visit. During 2.8 yr of follow-up, the lifestyle intervention group reduced the incidence 
of diabetes by 58% (95% CI: 48-66%) compared with the placebo group. Lifestyle inter- 
vention was equally effective in men and women and in different ethnic groups. 

BODY W E I G H T  AND CARDIOVASCULAR RISK PROFILE 

Excessive body weight, even at "normal range," increases the risk of diabetes. In the 
Nurses' Health Study (10), the single most important risk factor for type 2 diabetes was 
overweight and obesity; the RRs were 38.8 for women with BMIs of >35 kg/m 2 and 
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20.1 for those with BMIs of 30.0-34.9 kg/m 2, compared with women with BMIs <23 
kg/m 2. Even a BMI within a normal range (23-24.9 kg/m 2) substantially elevated the 
risk (RR = 2.67). In this cohort of women, 61% (95% CI: 58-64%) of cases of type 2 
diabetes could be attributed to overweight and obesity (using 25 kg/m 2 as a cut point). 

Obesity not only increases the risk of developing type 2 diabetes but also augments 
the risk of CHD among patients with diabetes (11). Weight gain during adulthood is a 
powerful predictor of type 2 diabetes, hypertension, and CHD. By contrast, weight loss 
improves glucose tolerance and lipid profile and decreases blood pressure (BP). In a 
review of 33 studies of obese patients with type 2 diabetes, hypertension, or hypercho- 
lesterolemia, moderate weight loss (<10% of initial body weight) improved the cardio- 
vascular risk factor profile, including glycemic control, in both nondiabetic and diabetic 
individuals (12). 

BODY W E I G H T  AND ENERGY BALANCE 

Because body weight is determined primarily by the critical balance between energy 
intake and energy expenditure, weight loss can be achieved by effectively decreasing 
total energy intake and/or increasing physical activity. A moderate energy restriction 
(250-500 calories less than the average daily intake) has been associated with increased 
insulin sensitivity and improved glycemic control (13). In addition, a rapid weight loss 
results in excessive breakdown of muscle instead of fat. Thus, it has been suggested 
that weight loss should not exceed 2 kg/wk. 

Recently, a multicenter randomized clinical trial (dubbed "Look AHEAD" [Action 
for Health in Diabetes]) has been launched to examine the effects of achieving and 
maintaining weight loss over the long-term through decreased caloric intake and exer- 
cise among 5000 obese patients with type 2 diabetes in 16 clinical centers in the United 
States. The results from this trial will not be available for several years. Nonetheless, 
the available evidence suggests that aiming for modest or moderate weight loss among 
both nondiabetic and diabetic patients with obesity seems warranted when larger reduc- 
tions in body weight are difficult to achieve and/or maintain (12). 

PHYSICAL ACTIVITY 

Convincing epidemiological data support the role of physical activity in preventing 
diabetes, and physical activity is clearly a cornerstone of weight maintenance. Aerobic 
exercise by overweight and obese adults results in modest weight loss independent of 
the effect of caloric reduction through diet (14). However, only part of the beneficial 
effect of physical activity on diabetes is mediated through changes in body weight. 
Physical activity improves insulin sensitivity (15-17), and a reduced risk of developing 
diabetes with increased activity has been demonstrated in several prospective studies 
(10,17-25). In most studies, a significant inverse association between physical activity 
and diabetes remained even after adjustment for BMI. Besides the benefits of vigorous 
activity, daily walking for >30 min has been found to be associated with a 20-45% risk 
reduction (17,21,23,24,26), and a faster walking pace predicted lower risk independent 
of the time spent walking (17,21,23). In addition, regular physical activity, including 
brisk walking, has been associated with significantly lower risk of cardiovascular events 
among women with type 2 diabetes (27). 

Sedentary behaviors such as prolonged television watching have also been found to 
be strongly associated with obesity, weight gain, and risk of diabetes, with the increased 
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Fig. 1. Multivariate relative risks (RRs) of obesity and type 2 diabetes according to hours spent 
watching television per week (Nurses' Health Study 1986-1998). RRs for obesity were adjusted for 
age, smoking, alcohol consumption, and dietary covariates. RRs for diabetes were adjusted for age, 
smoking, alcohol consumption, family history of diabetes, and dietary covariates. (Data are based on 
those from ref. 26.) 

risk not entirely explained by the decreased physical activity and unhealthy eating pat- 
terns associated with watching television (26). In the Health Professionals' Follow-up 
Study (23), men who watched television more than 40 h/wk had a nearly threefold 
increase in the risk of type 2 diabetes compared with those who spent <1 h/wk watch- 
ing television. In the Nurses' Health Study (26), time spent watching television was 
directly associated with risk of obesity and type 2 diabetes (Fig. 1). In particular, each 
2-h/d increment in television watching was associated with a 23% (95% CI: 17-30%) 
increase in obesity and a 14% (95% CI: 5-23%) increase in risk of diabetes. By con- 
trast, each hour per day of brisk walking was associated with a 24% (95% CI: 19-29%) 
reduction in obesity and a 34% (95% CI: 27-41%) reduction in diabetes. It was esti- 
mated that 30% (95% CI: 24-36%) of new cases of obesity and 43% (95% CI: 32-52%) 
of new cases of diabetes could be prevented by adopting a relatively active lifestyle 
(<10 h/wk of television watching and >_30 min/d of brisk walking). Thus, public health 
campaigns to reduce the risk of obesity and type 2 diabetes should promote not only 
increasing exercise levels but also decreasing sedentary behaviors, especially prolonged 
television watching. 

S M O K I N G  

Several prospective studies demonstrated that smoking is associated with a modestly 
increased risk of developing diabetes (28-33). Prospective studies clearly demonstrated 
that the beneficial effects of smoking cessation on risk of diabetes outweigh the adverse 
effects of weight gain (32,33). Cigarette smoking markedly augmented the risk of CHD 
in patients with diabetes. In the Nurses' Health Study (34), compared with individuals 
who had never smoked, the RRs for CHD across categories of smoking were 1.21 (95% 
CI: 0.97-1.51) for past smokers, 1.66 (95% CI: 1.10-2.52) for current smokers of 1-14 
cigarettes/d, and 2.68 (95% CI: 2.07-3.48) for current smokers of 15 or more cigarettes/d 
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in multivariate analyses adjusting for age, history of high BP and cholesterol, and other 
cardiovascular risk factors (p < 0.0001 for trend). The multivariate RR of CHD among 
women with diabetes who had stopped smoking for more than 10 yr was similar to that 
among women with diabetes who had never smoked (RR = 1.01 [95% CI: 0.73-1.38]). 

A L C O H O L  

Moderate alcohol consumption (one to three drinks per day) has been consistently 
associated with lower incidence of diabetes compared with abstinence or occasional 
alcohol consumption (10,28,30,35-53). Most studies have observed a U-shaped associ- 
ation, with heavy alcohol consumption being associated with increased risk compared 
with moderate consumption (38,41,43,45-47,51,52). Five experimental studies investi- 
gated the effect of chronic alcohol consumption on insulin sensitivity. One study with 
51 postmenopausal women showed a significant increase in insulin sensitivity after 8 wk 
of moderate alcohol consumption (54). In another study among 23 healthy middle-aged 
men, insulin sensitivity seemed to increase over a 17-d period in an insulin-resistant 
subgroup but not among men with normal insulin sensitivity (55). However, the other 
three intervention trials found no effect of alcohol consumption on insulin sensitivity 
(56-58). 

Several prospective studies examined the association between moderate alcohol 
intake and risk of CHD in patients with diabetes and all found an inverse association 
(59,60). The associations observed among patients with diabetes appear to be stronger 
than those observed in the general population, suggesting that moderate alcohol 
consumption may have a particular cardiovascular benefit in this high-risk group. 

A major concern with alcohol consumption among individuals with diabetes is the 
potential danger of hypoglycemia, especially among those who use sulfonylureas. 
However, in several clinical studies, no alteration in glucose homeostasis occurred in 
patients with diabetes when moderate alcohol was consumed with meals (61). 
Christiansen et al. (62) also showed that a dose of 0.66 g of ethanol/kg followed by a 
continuous iv infusion of 0.1 g of ethanol/kg did not induce aberrations in carbohydrate 
metabolism in diet-treated patients with type 2 diabetes. They concluded that even 
when alcohol is not part of a meal, the effect of alcohol on glucose homeostasis may be 
less than previously expected. In addition, whereas heavy drinking is associated with 
diabetic neuropathy (63) and retinopathy (64), moderate alcohol intake poses little if 
any additional risk for these complications (65). Thus, for patients with diabetes who 
choose to drink, light to moderate drinking (e.g., one to two drinks per day) with a meal 
should not be discouraged. 

MAJOR DIETARY FACTORS 

Amount and Types of Fat 
Higher total fat intake has been hypothesized to contribute to diabetes. However, 

results from metabolic studies on the relationship between total fat intake and insulin 
sensitivity in humans with no change in the fatty acid profile are inconsistent and gen- 
erally do not support the hypothesis that high-fat diets have detrimental effects on 
insulin sensitivity (66). Similarly, whereas some earlier prospective observational studies 
suggested a positive association between total fat intake and risk of diabetes (67,68), 
most large cohort studies with validated food frequency questionnaires found no signif- 
icant association (69-75). 
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More important than the total fat intake may be the specific types of fat consumed 
(76). Substituting unsaturated fat for saturated fat was shown to increase insulin sensi- 
tivity in intervention studies in diabetic (77), overweight (78), and healthy subjects 
(79). Higher intake of vegetable fat or polyunsaturated fat was found to be inversely 
associated with risk of diabetes in the Nurses' Health Study and the Iowa Women's 
Study, two large cohort studies among women (72, 73). A higher ratio of polyunsatu- 
rated to saturated fat was significantly associated with risk of diabetes in the EPIC- 
Norfolk Study, although the association was attenuated after adjustment for BMI (75). 
In the Health Professionals Follow-up Study (74), a significant inverse association 
between polyunsaturated fat and diabetes was observed only among lean men. 

The data on the relationship between dietary fat intake and risk of CHD among 
patients with diabetes are lacking. However, it is widely agreed that intake of saturated 
fat should be restricted. The point of controversy lies in whether saturated fats should 
be replaced with unsaturated fats or with carbohydrates. Current guidelines from the 
American Diabetes Association (ADA) (80) and the European Association for the Study 
of Diabetes (13) do not specify the percentage of calories from carbohydrate and fat 
and recommend that the diet composition for patients with diabetes be based on indi- 
vidualized nutritional assessment and treatment goals. However, because most patients 
with diabetes are overweight or obese, reduction in total fat is still the most commonly 
recommended approach for patients with diabetes. Because low-fat, high-carbohydrate 
diets can exacerbate diabetic dyslipidemia by reducing high-density lipoprotein (HDL) 
levels and raising triglycerides (81), the overall value of high-carbohydrate diets for 
diabetic nutrition therapy is questionable. In a recent study of diabetic women in the 
Nurses' Health Study (82), a diet characterized by higher cholesterol and saturated fat 
and lower polyunsaturated:saturated fat ratio was associated with increased risk of 
cardiovascular disease (CVD), whereas total fat intake was not related to risk of CVD. 
We estimated that the replacement of saturated fat with monounsaturated fat was asso- 
ciated with a greater reduction in risk than replacement with carbohydrates. 

Fish and n-3 Fatty Acids 
Although higher intakes of fish and marine n-3 fatty acids have been associated with 

reduced risk of fatal CHD (83) and sudden cardiac death (84) in the general population, 
debate persists about the effects of long-chain n-3 fatty acids (EPA and DHA, primary 
components of fish oil) among patients with diabetes. The low rates of diabetes among 
populations with a high fish intake, such as Eskimos, raised the possibility that fish oils 
may be protective against this condition (85). In support of this notion, limited data have 
suggested that fish n-3 fatty acids may improve insulin sensitivity (86) and glucose 
tolerance (87). However, other investigators found no appreciable relationship between 
fish consumption and risk of type 2 diabetes (88). Several studies have reported no 
improvement (89) or even worsening (90) of glycemic control among subjects with type 
2 diabetes treated with fish oil, which was attributed to an increase in hepatic glucose 
output. On the other hand, studies have consistently shown that fish oil significantly low- 
ers triglyceride levels in both nondiabetic and diabetic subjects (91). A recent meta-analy- 
sis of 26 trials (92) found that among patients with diabetes, fish oil lowers triglyceride 
levels significantly, by about 30%, without adverse effects on glycosylated hemoglobin 
Alc (HbAlc,) but also leads to a 5% increase in low-density lipoprotein (LDL) cholesterol. 

Few data are available on the relationship between intake of n-3 fatty acids and 
risk of CHD among patients with diabetes. In the Nurses' Health Study, compared 
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with the risk among women who seldom consumed fish (less than one serving per 
month), the RRs (95% CI) of CHD adjusted for age, smoking, and other established 
coronary risk factors were 0.70 (0.48-1.03) for fish consumption one to three times 
per month, 0.60 (0.42-0.85) for consumption once per week, 0.64 (0.42-0.99) for 
consumption two to four times per week, and 0.36 (0.20-0.66) for consumption five 
or more times per week (p for trend = 0.002). These results support the role of regu- 
lar fish consumption in preventing CHD among diabetic patients. The effects of fish 
oil supplementation on cardiovascular end points among patients with diabetes need 
to be studied in future trials. 

Trans-Fatty Acids 
Trans-fatty acids are formed when vegetable oils are hardened by partial hydrogena- 

tion. The major sources of trans-fatty acids are stick margarine, commercially baked 
products, and deep-fried fast food. Consumption of these foods should be limited 
among patients with diabetes. 

Metabolic studies have shown that trans-fatty acids, compared with cis-unsaturated 
fatty acids, raise levels of LDL cholesterol and triglyceride and decrease levels of HDL 
cholesterol (93). In several prospective cohort studies, a higher intake of trans-fatty 
acids was associated with a significantly elevated risk of CHD. Recent studies have 
also suggested potential adverse effects of trans-fat on glucose metabolism. In a 6-wk 
intervention study, a diet very high in trans-monounsaturated fat (20% of energy) was 
associated with a higher postprandial insulin response than was a cis-monounsaturated 
fat diet in 16 obese persons with type 2 diabetes (94). In the Nurses' Health Study, a 
high intake of trans-fatty acids was associated with a higher risk of type 2 diabetes dur- 
ing 14 yr of follow-up (95). Among diabetic patients, trans-fat, as well as saturated fat, 
should be replaced with monounsaturated and polyunsaturated fats. 

Quality and Quantity of Carbohydrates 
Low-fat, high-carbohydrate diets generally produce higher postprandial glucose and 

insulin responses. However, similar to total fat, the total percentage of energy derived 
from carbohydrates in the diet has generally not been found to predict risk of diabetes 
(88). Metabolic consequences of carbohydrate intake depend not only on their quantity 
but also on their quality. The glycemic response of a given carbohydrate load depends 
on the food sources, which has led to the development of the glycemic index (GI), 
which ranks foods by their ability to raise postprandial blood glucose levels (96). The 
GI quantifies the glycemic response by a standard amount of carbohydrates from a 
food relative to the response by the same amount of carbohydrates from white bread or 
glucose. The overall GI of a diet has been found to be associated with an increased risk 
of diabetes in some prospective observational studies (70,71,97), although findings 
have been inconsistent (98,99). However, the relevance of the concept of GI is indi- 
rectly supported by the reduction in the incidence of diabetes observed with acarbose, 
an ct-glucosidase inhibitor that slows down the digestion of carbohydrates (100). 

The effects of carbohydrate-rich foods on insulin resistance and risk of diabetes may 
also depend on fiber content and type. Several epidemiological studies found that diets 
rich in whole grains (98,101-103) or cereal fiber (10, 70, 71,97-99,103) may protect 
against type 2 diabetes. Controlled feeding studies have found benefits of whole grains, 
compared with refined grains, on insulin sensitivity and glucose metabolism (104-107). 
This effect may be partially mediated by positive effects on body weight--studies generally 
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support an inverse association between intake of whole grains and body weight (108). In 
addition, fiber tends to slow down gastrointestinal absorption, resulting in a lower GI of 
whole-grain products compared with their refined-grain counterparts, but other mecha- 
nisms by which whole grains influence glucose metabolism are likely to play a role as 
well, such as short-chain fatty acid production (109) and micronutrient content (110). 

Several metabolic studies have evaluated the relatively long-term effects of low-GI 
diets. In a crossover study of six healthy adults over 4 wk, Jenkins et al. (111) found 
that a low-GI diet significantly reduced 24-h urinary C-peptide levels (a 32% reduc- 
tion) compared with a high-GI diet. Meanwhile, serum fructosamine levels decreased 
by 7%. In a 4-wk study of 30 patients with CHD, Frost et al. (112) found that a low-GI 
diet improved glucose tolerance and insulin sensitivity. Insulin-stimulated glucose 
uptake in isolated fat cells was significantly greater following the low-GI diet. The 
same group subsequently reported an improvement in insulin sensitivity, as determined 
by the short insulin tolerance test, with a low-GI diet among 28 premenopausal women 
in a 3-wk randomized study (113). Studies conducted among patients with diabetes 
have also found improved glycemic control with a low-GI diet (114,115). 

The GI and glycemic load concept has not been incorporated into dietary recom- 
mendations in the United States. One reason the ADA did not recommend the use of 
the GI in its dietary recommendations was the perception that this concept is too com- 
plex for the health professional, let alone patients with diabetes. Available evidence, 
however, suggests that reducing dietary GI and glycemic load is not as difficult as per- 
ceived. In a recent randomized trial lasting 12 too, Gilbertson et al. (116) compared the 
effect of low-GI dietary advice vs the carbohydrate-exchange diet among 104 children 
with type 2 diabetes. The study found that flexible dietary instruction with an emphasis 
on low-GI foods improved HbAlc levels without increasing the risk of hypoglycemia. 
In contrast to conventional belief, twice as many parents of children in the low-GI 
group reported that their children had no difficulties selecting their own meals at the 
12-mo time point (51 vs 24%; p = 0.01), and most parents and children chose to con- 
tinue the low-GI diet after completion of the study. 

In dietary practice, the GI values are probably most useful for selecting foods that 
contain a high amount of carbohydrates, especially starchy foods, but they have limited 
utility for ranking fruits and vegetables and other foods containing small amounts of 
carbohydrates. In evaluating the health effects of individual foods, GI values should 
never be used in isolation; nutrient composition of the foods and overall dietary pat- 
terns are clearly important. 

Individual Foods 
The relationship between consumption of specific foods or beverages and risk of 

diabetes has been examined in the past decade. An inverse association between coffee 
consumption and risk of type 2 diabetes has been observed in several (117-120), but 
not all (121), prospective cohort studies. The beneficial effect of coffee consumption on 
the development of diabetes has been attributed mainly to caffeine, but other con- 
stituents of coffee, such as potassium, niacin, magnesium, and antioxidant substances, 
may have beneficial effects on glucose metabolism and insulin resistance as well. 

Frequent consumption of meat, in particular processed meat, has been consistently 
shown to increase the risk of diabetes in prospective studies (74,122,123). Although 
processed meats are a major component of the so-called Western diet pattern in these 
study populations, these associations were found to be independent of the "Western" 
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Fig. 2. Mean weight in 1991, 1995, and 1999 according to trends in sugar-sweetened soft drink con- 
sumption in 1969 women who changed consumption between 1991 and 1995 and either changed or 
maintained level of consumption until 1999. Low and high intakes were defined as <l/wk and >l/d. 
The number of subjects was as follows: low-high-high = 323, low-high-low = 461, high-low-high = 110, 
and high-low-low = 746. Groups with similar intake in 1991 and 1995 were combined for estimates 
for these time points. Means were adjusted for age, alcohol intake, physical activity, smoking, post- 
menopausal hormone use, oral contraceptive use, cereal fiber intake, and total fat intake at each time 
point. (Modified from ref. 131.) 

pattern (122,123). Furthermore, while the associations between red meat consumption 
and risk of diabetes were largely attenuated by controlling for fat intake, processed 
meats remained significantly associated with risk (122), indicating that constituents of 
processed meats other than fatty acids, such as nitrite or advanced glycation end products, 
may be relevant in the development of diabetes. 

Recent findings from prospective studies also indicate that consumption of nuts 
(124) and dairy products (125) may have beneficial effects in the development of dia- 
betes. Consumption of fruits and vegetables has been found to be inversely associated 
with risk of diabetes in the National Health and Nutrition Examination Survey (126) 
but not among older women in the Iowa Women's Health Study (98). 

Several epidemiological studies found that diets rich in whole grains may protect 
against type 2 diabetes (98,101-103). Controlled feeding studies found benefits of 
whole grains, compared with refined grains, on insulin sensitivity and glucose (105). 

Sugar-sweetened beverages are receiving growing attention as potential contributors 
to the obesity and diabetes epidemic (127). Energy contained in beverages seems less 
well detected by the body, and subsequent food intake is poorly adjusted to account for 
the energy intake from beverages. Sugar-sweetened beverages have been associated 
with weight gain in clinical studies (128,129) and observational studies among children 
(130) and adults (131). The high sugar loads from sugar-sweetened beverages may also 
have detrimental effects on glucose metabolism leading to diabetes, which is beyond 
their potential contribution to obesity (131). In the Nurses' Health Study II, a higher 
consumption of sugar-sweetened beverages was associated with a greater magnitude of 
weight gain and an increased risk of developing of type 2 diabetes in women (Fig. 2). 
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Fig. 3. Multivariate relative risks (RRs) of type 2 diabetes according to sugar-sweetened soft drink 
consumption in Nurses' Health Study II 1991-1999. Multivariate RRs were adjusted for age; alcohol 
consumption (0, 0.1-4.9, 5.0-9.9, 10+ g/d); physical activity (quintiles); family history of diabetes; 
smoking (never, past, current); postmenopausal hormone use (never, ever); oral contraceptive use 
(never, past, current); intake (quintiles) of cereal fiber; magnesium; trans=fat; polyunsaturated:satu- 
rated fat; and consumption of sugar-sweetened soft drinks, diet soft drinks, fruit juice, and fruit 
punch (other than the main exposure, depending on model). (Data based on those in ref. 131.) 

After adjustment for potential confounders, women consuming one or more sugar- 
sweetened soft drinks per day had an RR of type 2 diabetes of 1.83 (95% CI: 1.42-2.36; 
p < 0.001 for trend) compared with those who consumed less than one of these bever- 
ages per month. The RR for extreme categories further controlling for BMI was 1.39 
(95% CI: 1.07-1.76; p = 0.012 for trend) (Fig. 3). This finding suggests that BMI 
accounted for about half of the excess risk. 

CONCLUSIONS 

Compelling evidence from metabolic studies, large prospective observational stud- 
ies, and clinical trials indicate that unhealthy diets, obesity, and sedentary lifestyles are 
major contributors to the diabetes epidemic. Obesity is the strongest risk factor for dia- 
betes, and maintenance of a healthy weight by avoiding energy overconsumption and 
by engaging in regular physical activity is clearly the key to diabetes prevention. 
Substitution of unsaturated fat for saturated and trans-fats and of whole-grain foods for 
refined-grain foods is an effective and important strategy to prevent diabetes. A diet 
rich in fruits, vegetables, legumes, whole grains, and healthy sources of protein (poultry 
and fish) and with unsaturated vegetable fats as the main source of fat but low in red 
and processed meats, refined grains, and sugar-sweetened beverages can offer significant 
protection against type 2 diabetes and CVD. Similarly, dietary recommendations for 
the management of diabetes should focus more on the quality of fat and carbohydrate 
in the diet than quantity (percentage of energy) alone, in addition to balancing total 
energy intake with energy expenditure. There is convincing evidence that alcohol in 
moderation with a meal can be a healthy choice, unless contraindicated. Finally, stopping 
smoking is one of the most effective ways to reduce the risk of CHD among patients 
with diabetes. 
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I N T R O D U C T I O N  

Approximately 18.2 million Americans had diabetes in 2002 (1). An estimated 70% 
of type 2 diabetes risk in the United States is attributable to overweight and obesity, 
with each kilogram of weight gain over 10 yr increasing risk by 4.5% (2). Modest 
weight loss, often achievable by a combination of reduced caloric intake and increased 
physical activity, lowers the risk of diabetes and insulin resistance and improves meas- 
ures of glycemia and dyslipidemia in those with diabetes (3-8). 

Lifestyle interventions that change eating behavior, increase physical activity, and 
result in modest weight loss are known to prevent or delay diabetes in persons at high 
risk for the disease (3,5). Even modest weight loss (5-10% of body weight) (9) and 
physical activity (30 min daily) (10) have been found to have a positive impact on dia- 
betes risk and management (4). The proven benefits of reduced caloric intake, con- 
sumption of a prudent diet, and physical activity strongly suggest that lifestyle 
modification (Table 1) should be the first choice to prevent or delay diabetes (3,5), and 
more effectively manage disease in individuals with diabetes. 

DIET  

Overview 

Insulin sensitivity is known to improve rapidly after the start of an energy-deficit 
diet, even before much weight loss occurs, and continues to improve with ongoing 
weight reduction (11). The magnitude of improvement appears to be primarily related 
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Table 1 
Diet, Exercise, and Behavioral Treatment of Obesity a 

• Get regular exercise--at least 30 min/d of brisk walking, sports, or active games. 
• Eat a healthful diet rich in vegetables, fruits, and whole grains and low in refined carbohydrates, 

such as sweets and white bread. 
• Limit the amount of high-sugar beverages you drink, such as soft drinks and fruit punches. 
• Avoid high-fat foods, such as ice cream, butter, and high-fat meats. 
• Limit alcohol to no more than one drink per day for women, two per day for men, and none 

if you have any difficulty controlling alcohol intake. 
• Eat several small meals throughout the day instead of three large meals. 
• Always eat a balanced breakfast. 
• If you are overweight, aim to lose no more than 2 lb/wk--losing more than that can be 

unhealthy and often leads to rebound weight gain. 
• Get your family and friends involved by encouraging them to eat healthful foods and 

exercise together. 
• Realize that your diet and exercise regimen are lifestyle changes that must be maintained in 

the long term to keep weight off. 

aSources: National Institute of Diabetes and Digestive and Kidney Diseases, American Diabetes 
Association, Centers for Disease Control and Prevention (13,36). 

to the amount of weight lost (12). In patients with obesity and type 2 diabetes, a 5% 
weight loss at the end of 1 yr of dietary therapy is known to decrease fasting blood glu- 
cose, insulin, hemoglobin Alc  concentrations, and the dose of oral hypoglycemic ther- 
apy (12). Although many different diets are used to treat obesity, energy content is the 
primary determinant of weight loss (13,14), with a low-fat approach considered the 
treatment standard (15). 

High-Protein~Low-Carbohydrate Diets 
Data indicate that weight loss from low-carbohydrate diets is associated with dura- 

tion of diet and reduction in energy intake, but not with the restriction of carbohydrates 
(16). Studies that compared a low-carbohydrate diet with a low-fat calorie-reduced diet 
in obese patients (17,18) found greater short-term weight loss on the low-carbohydrate 
diet, but no significant difference in weight loss between the two groups after 1 yr 
(17,18). 

Structured Meal Plans~Meal Replacements 
Evidence suggests a direct relation between portion size served and amount of food 

consumed (19). Portion-controlled diets provide servings of food with fixed-calorie and 
macronutrient content. Data show several kilograms more weight loss in obese persons 
who consume prepackaged prepared meals or liquid-formula meal replacements com- 
pared with subjects on a standard diet (20-22). 

Dairy Diet 
An antiobesity effect of dietary calcium and dairy foods has been identified in ani- 

mal studies, observational and population studies, and clinical trials (23). Evidence 
suggests an inverse relation between intake of dietary calcium and dairy products 
and body fat (24-26). These data are consistent with those from other studies (27-32). 
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Weight Maintenance 
The key to successful weight management is to provide patients with a dietary regi- 

men that results in long-term compliance (13). Observational studies show that physi- 
cal activity is also critical for preventing weight regain (33,34). Evidence suggests that 
it is unlikely that one approach is appropriate for all patients (13,35). 

Healthy Diet 
Achieving energy balance and maintaining a healthy body weight are critical for the 

prevention and treatment of type 2 diabetes, and limiting saturated fat intake can help pre- 
vent the vascular complications of diabetes (36). Higher consumption of whole grains 
and dietary fiber is associated with reduced risk of diabetes in some studies (37). The 
evidence that micronutrients influence the risk of diabetes is limited, although some studies 
suggest that certain micronutrients may affect glucose and insulin metabolism (38). 

The Dietary Guidelines for Americans 2005 (39) features Institute of Medicine refer- 
ence intakes for macronutrients (40) and recommends a diet rich in fruits, vegetables, whole 
grains, and lean meats (41). Dietary patterns (42) that emphasize these foods and limit red 
meat, full-fat dairy products, and foods and beverages high in added sugars are associated 
with decreased risk of a variety of chronic diseases (14,43,44). Physicians can employ prac- 
tical tools to teach their patients the key elements of the Dietary Guidelines (96). 

EXERCISE 

Benefits 
Data show that weight loss programs that combine diet and exercise produce greater 

improvements in cardiovascular risk factors than those that rely on diet alone (45,46), 
including significant reductions in the incidence of diabetes (47,48). Physical activity 
has been found to contribute to the maintenance of long-term weight loss (49), improve 
cardiorespiratory and muscular fitness, and reduce risk factors for cardiovascular and 
metabolic diseases (10,50). Accumulating evidence indicates that physical activity 
reduces the risk of chronic disease both directly, through its impact on hormones, and 
indirectly, through its impact on weight control (36,51). 

Physical Activity and Weight Change 
Six large studies, including four randomized controlled trials, have tested whether 

progression from prediabetes to diabetes could be delayed or prevented by intensive 
lifestyle modification (nutrition and exercise interventions) or by use of commercially 
available glucose-lowering drugs (2,4,47,48,52,53). All of the interventions were effec- 
tive to varying degrees. In the lifestyle-modification studies, results were obtained by a 
modest reduction in body weight and moderate exercise (e.g., walking) (36). 

Recommended Treatment 
TYPE OF EXERCISE 

Data from the Diabetes Prevention Program (3) showed that a 5-7% weight loss 
achieved through diet and exercise reduced the incidence of diabetes by 58% in partic- 
ipants randomized to lifestyle intervention; those in this group lowered their intake of 
fat and calories, and exercised at moderate intensity, usually by walking an average of 
30 min/d, 5 d/wk. This level of exercise is consistent with a consensus public health 
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recommendation for physical activity developed in the mid-1990s (50,54,55). It is also 
known to reduce the risk of diabetes (56-59). Current recommendations for physical 
activity call for 30-60 min/d of moderate-intensity activity (e.g., brisk walking) (10). 

DURATION: LONG OR SHORT BOUTS 

Studies show that total exercise time is greater when daily physical activity is divided 
into many short bouts (e.g., 10-rain bouts, three to four times a day) compared with one 
long bout (e.g., 30-40 min once per day) (60). Although many short rounds of activity pro- 
duce greater adherence to an exercise program, most data suggest that the total volume of 
physical activity is the only factor of importance to weight management (13). 

INTENSITY 

The beneficial effect of exercise is dose related, increasing with the duration and 
amount of energy expended. Available evidence suggests that a high volume of physi- 
cal activity--80-90 rain of moderate-intensity activity, such as walking, or 35 min of 
vigorous exercise, such as jogging--is needed to maintain weight loss (33). Data show 
that physical activity is critical for preventing weight regain (33,34,51). 

MOTIVATION 

Several strategies have been used to enhance long-term maintenance of physical activ- 
ity (13). These include patient participation in a traditionally structured gymnasium- 
based program or a behaviorally-based intervention (61), increased contact by mail or 
telephone (62), development of a home-based walking program (i.e., the use of a tread- 
mill), (63) and incorporation of exercise into activities of daily living (e.g., taking the 
stairs instead of an elevator). These initiatives notwithstanding, all studies report a 
decline in exercise adherence over time (61-64). 

BEHAVIOR MODIFICATION 

Behavior Therapy 
Behavior modification is a goal-oriented therapy that helps patients identify and change 

behaviors that prevent them from achieving their objectives for weight loss and increased 
physical activity. The approach is based on teaching patients how to set and achieve real- 
istic and measurable goals. Behavior modifications involves making small rather than 
large changes so that incremental steps are taken toward more important and more distant 
goals (65-67). Table 2 identifies and describes various strategies that patients can use to 
help them achieve positive long-term behavior change. 

Self-Monitoring 
Self-monitoring, the systematic observation and recording of target behaviors, is the 

cornerstone of behavioral treatment (66). Self-monitoring tools include food diaries to 
record intake, types, amounts, calorie content, as well as times, places, and feelings; 
physical activity logs to track frequency, duration, and intensity of exercise; and body 
weight scales to record changes in body weight. Self-monitoring increases patients' 
awareness of behaviors, creates records that can be reviewed by health-care professionals, 
and identifies targets for intervention (13). 

Cognitive-Behavior Therapy 
Cognitive restructuring takes place within the framework of behavior modification. 

It involves changing perceptions, thoughts, or beliefs that undermine efforts to manage 
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Table 2 
Behavioral Strategies to Improve Weight Management ~ 

Strategy Description 

Self-monitoring 

Goal setting 

Stimulus control 

Cognitive restructuring 

Problem solving 

Relapse prevention 

Stress management 
Contingency management 

Social support 

Ongoing contact 

Record "what, where, and when" of eating and physical activity 
to increase patients' awareness of their own behavior. 

Set specific short-term targets in eating and exercise habits to 
achieve incremental improvements. 

Identify triggers associated with poor eating and physical activity 
behaviors, and design strategies to break the link. 

Change perceptions, thoughts, or beliefs undermining weight 
control efforts, and help patients develop realistic expectations 
about weight loss. 

Analyze situations preventing maintenance of a healthier lifestyle 
and identify possible solutions to problems; maintain a philoso- 
phy that planning, not willpower, is key to weight management. 

Develop skills based on the premise that lapses in weight control 
behavior can be anticipated in certain situations (e.g., travel, 
celebrations, bad mood); identify triggers that lead to overeating. 

Decrease psychological stress to prevent dysfunctional eating. 
Use rewards (tangible or verbal) to increase performance of 

specific behaviors or when specified goals are reached. 
Use assistance from family members and friends in modifying 

lifestyle behaviors. 
Maintain visits, telephone calls, or Internet communication with 

physicians and office staff or other health care professionals to 
promote adherence with recommended lifestyle changes. 

aAdapted from ref. 13. 

weight, and helping patients develop realistic expectations about weight loss. Formal 
behavior therapy can take place in group or one-on-one sessions with a health-care pro- 
fessional who is skilled in the delivery of behavioral techniques used to modify lifestyle 
habits (65,68). 

Motivational Interviewing 
STAGES OF CHANGE 

According to the transtheoretical or stages of change model, the process of change is 
seen as a series of steps (Table 3), each with certain tasks and characteristics. These 
have been successfully incorporated into smoking cessation program and are now being 
used to help people lose weight (69) and increase physical activity (70). The stages are 
precontemplation, contemplation, preparation, action, maintenance, and relapse/recy- 
cling. Clinicians can help patients move from one level to the next by providing stage- 
appropriate information support, or tools. 

PATIENT READINESS TO CHANGE 

Motivational interviewing is a client-centered, directive method for enhancing intrin- 
sic motivation to change by exploring and resolving ambivalence. Compared with 
nondirective counseling, it is more focused and goal directed. The examination and res- 
olution of ambivalence is its central purpose, and the counselor is intentionally direc- 
tive in pursuit of this goal (71). By identifying and defusing resistances, physicians can 
create opportunities for change, as well as agendas for achieving it. 
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Table 3 
Stages of Change Model a 

• Precontemplation--not ready for change 
• Contemplation--thinking about change 
• Preparation--getting ready to make a change, planning, and commitment 
• Action--making the change, implementing the plan, and taking the action 
• Maintenance--sustaining and integrating behavior change 
• Relapse/recycling--slipping back to previous behavior and reentering the cycle of change 

aAdapted from ref. 95. 

PATIENT-CENTERED COUNSELING 

Patient-centered counseling is an approach that encourages patients to set goals and 
express their own ideas for therapy, with input from their health care provider. 
Treatment plans include realistic goals that take into account the patient's readiness for 
therapy and ability to comply with the proposed plan. Frequently scheduled follow-up 
visits are necessary to monitor progress, modify the treatment plan as called for, and 
provide encouragement (13,67). 

T E A M W O R K  

Effective therapy requires a long-term structured approach with continued support 
from the physician and other caregivers, particularly during periods of patient recidi- 
vism and weight regain (13). Regular (65) and ongoing contact with patients (72, 73) is 
known to promote long-term adherence and help prevent weight regain (67). 

P R O M O T I N G  CHANGE 

Data indicate that patients usually seek out and respect advice from their primary 
care physicians, and that such advice can motivate them to change unhealthy behavior 
(74-76). Studies show that the process of change is gradual, especially in adults (77). 
Most people are unable to convert new behavior into habitual practice without guided 
application of a significant length of time (78). 

In the Look AHEAD (Action for Health in Diabetes) Trial, for example, obese 
patients are randomly assigned to Lifestyle or Diabetes Support and Education inter- 
ventions for 4 yr, with 7.5 yr of follow-up (79). Similarly, the Women's Intervention 
Nutrition Study protocol includes randomization to intensive dietary intervention with 
long-term counseling followed by monthly group sessions (80). 

Although there are no formulas for changing minds or behaviors, certain similarities 
apply to most individuals. Data indicate that people learn and change through succes- 
sive approximation (81), and that they need to hear a message several times and in a vari- 
ety of ways before it can become an impetus to action. Other ways to move patients toward 
new eating and activity behaviors include implementing interpersonal sensitivity, set- 
ting up patient-important (82) encounters, confronting resistances, participating in give- 
and-take, and fostering bonds by engaging individuals or group members in a common 
enterprise (35,67, 77). 

CONCLUSIONS 

From 1990 to 2001, the prevalence of diabetes increased by 61%, with approx 1.3 
million Americans developing diabetes each year (83). The increase in type 2 diabetes, 
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which accounts for 90-95% of all diagnosed cases, is a result of the epidemic increase 
in excess body weight that occurred in the US population during that period (84). 
Weight loss can improve many obesity-related comorbidities, including insulin resist- 
ance and type 2 diabetes. It can also prevent the development of new diabetes in high- 
risk persons who are overweight or obese (84-87). 

Weight loss resulting from negative energy balance can be achieved by decreasing 
energy intake, increasing energy expenditure, or both (13). Data have shown that 
lifestyle dietary and activity modifications leading to approx 5% weight loss decreased 
the 4- to 6-yr cumulative incidence of diabetes by more than 50% in men and women 
who are overweight or obese and have impaired glucose tolerance (3,5). The Swedish 
Obese Subjects Study demonstrated similar outcomes (88). 

Twenty-eight percent of American adults lead sedentary lifestyles (89). Current recom- 
mendations for physical activity call for 30-60 min/d of moderate activity (90). Efforts to 
achieve the goals of Healthy People 2010 (91) require new strategies for delivering pri- 
mary and secondary prevention via intensive lifestyle modifications, i.e., nutritional and 
exercise interventions. At present, the preventive health care model receives only sporadic 
attention in the context of office visits for acute and chronic medical problems (92). 

To successfully attack the interrelated diseases of obesity and diabetes, health-care 
providers and medical organizations need to transform that model into a system that pro- 
vides preventive care and early detection as an integral part of standard medical practice 
(93). A treatment strategy based on the National Heart, Lung, and Blood Institute's clin- 
ical guidelines on obesity and the Surgeon General's reports on physical activity (55) 
and obesity (94) offers clinicians an easily adapted, evidence-based blueprint for incor- 
porating information about weight and exercise into discussions with patients (95). One 
helpful approach that summarizes these key recommendations into an easily remem- 
bered acronym is "CQE:" Cut Calories, Choose Quality Foods, and Exercise daily for 
good health and weight loss (97). 
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I N T R O D U C T I O N  

Obesity has become a major focus of modern medicine, driven by the pandemic of 
overweight and obesity. The prevalence of obesity is rising to epidemic proportions 
around the world at an alarming rate. Current prevalence data from individual European 
national studies suggest rates of body mass index (BMI) >30 kg/m 2 for men are 10-20% 
and for women, 10-25% (1). In 2002, the National Health and Nutrition Examination 
Survey identified 64.5% of the US population with a BMI >25 kg/m 2 and 30.5% with 
obesity (BMI >30 kg/m 2) (2). More important, in this survey, 4.7% of the population 
had a BMI >40 kg/m 2 (2), and met the BMI criteria for bariatric surgery (3). 

What is of concern about the obesity epidemic, of course, is the morbidities that accom- 
pany obesity. While there is alarm over the links among the obesity, diabetes, and cardio- 
vascular risks, there is an appreciation by public health officials that even modest weight 
reduction can produce substantial health benefits. The US Diabetes Prevention Program 
(DPP) (4) and the Finnish Diabetes Prevention Study (5) both demonstrated significant 
reduction in risk of diabetes in persons with impaired glucose tolerance (IGT) who lost as 
little as 5-7% of baseline weight. Thus, physicians must develop effective office-based 
approaches to the management of obesity. Medicating for obesity is a tool unique to 
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physicians, and if they are to stem the tide of obesity-related morbidities, physicians must 
be knowledgeable about the use of medications in at-risk patients. This chapter is an 
updated guide to current practices in medicating for the management of obesity. 

REALITIES OF T R E A T M E N T  

Obesity is a chronic, relapsing disease that has many causes. Environmental, biological, 
and psychological factors all play a role in the current prevalence of obesity. In most 
patients presenting with obesity, a clear etiological diagnosis is usually not possible. 
Because of its chronic nature and relative unknown cause, curing obesity is rare, but palli- 
ation is a realistic clinical goal. Weight loss occurs with most treatments, and except for 
surgery or very low-calorie diets it is usually slow, meaning 0.5-1.0 kg/wk. Recidivism, or 
regain of body weight, is common after a weight loss program is terminated. In contrast to 
the relatively slow rate of weight loss, weight regain may be rapid. A regain in weight after 
termination of drug or other treatment is often ascribed to a failure of the drugs or other 
treatment. A more appropriate interpretation is that medications do not work if not taken. 
This is true of medications for the treatment of obesity, just as it is for medications used to 
treat hypertension, diabetes, heart disease, or asthma. Lifestyle approaches to weight man- 
agement also must be consistently implemented if they are to be of benefit. As clinicians, 
we do not expect to cure such diseases as hypertension or hypercholesterolemia with med- 
ications. Rather, we expect to palliate them. When the medications for any of these dis- 
eases are discontinued, we expect the disease to recur. This means that medications only 
work when used. The same arguments go for medications used to treat overweight. It is a 
chronic, incurable disease for which drugs only work when used. 

Many physicians and laypeople are leery of treatments for obesity. This concern stems 
from problems associated with the use of drugs and some diets. First, almost every drug 
and some diets that have been used to treat obesity have been associated with undesir- 
able outcomes that have resulted in injury or death (6). One of the most serious was the 
appearance of cardiac valvulopathy following treatment with fenfluramine and dexfen- 
fluramine (7-11). Fenfluramine and dexfenfluramine were subsequently withdrawn 
from the market. Second, some medications, particularly amphetamines and metham- 
phetamines, are addictive, and this has tarnished the use of drugs with similar chemical 
structures, whether or not they have been demonstrated to be addictive (12). For exam- 
ple, abuse of either phentermine or diethylpropion is rare (6). Fenfluramine, a drug with 
a chemical structure similar to that of amphetamine, has not been reported to be addic- 
tive. Even though sibutramine has no abuse potential (13), the drug was given a class IV 
designation by the Food and Drug Administration (FDA). Finally, weight-loss medica- 
tions are infrequently reimbursed by health insurers and frequently marketed at prices 
nearing $100/mo. Because patients often must pay out of pocket for these medications, 
high cost is a barrier to continued use. In weighing the options for treatment of obesity, 
physicians must be cognizant of these barriers to success. 

EVALUATION OF T H E  OBESE PATIENT: CLASSIFICATION 
A N D  RISK ASSESSMENT OF OBESITY 

The first step in assessing the obese patient is to consider potential causes of the con- 
dition. Table 1 outlines an etiological classification of obesity. Whereas secondary 
causes of obesity are rare, endocrine and hypothalamic syndromes, such as leptin 
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Table 1 
Etiological Classification of Obesity 

• Genetic 
• Hypothalamic 
• Endocrine 
• Dietary 
• Sedentary lifestyle 
• Drug-induced 
• Idiopathic 

Table 2 
Drugs Associated With Weight Gain 

Psychiatric/neurological 
Antipsychotics: olazapine, clozapine, risperidone 
Antidepressants: selective serotonin reuptake inhibitors, 

tricyclic antidepressants 
Lithium 
Antiepileptics: valproate, gabapentin, carbamazepine 

Diabetes treatment 
Insulin 
Sulfonylureas 
Thiazolidinediones 

Others 
Hormonal contraceptives 
Corticosteroids 
Progestational agents 
Antihistamines 
[3-Blockers, m-blockers 

deficiency, hypothyroidism, Cushing syndrome, growth hormone deficiency, Prader- 
Willi syndrome, and hypothalamic injury, must be considered. 

Although diet and a sedentary lifestyle are always contributory, physicians must  
remember that the amount of energy imbalance required to result in significant weight 
gain does not usually manifest as sloth or gluttony. With an excess energy intake of 
only 100 kcal/d, >5 kg will be gained in 1 yr, and 50 kg in 10 yr. Whereas there are 
strong genetic influences on weight and body habitus, the cause of the obesity epi- 
demic of the last 30 yr is an environmental, rather than a genetic, shift. 

Table 2 lists drugs that may be associated with weight gain. Many common medica- 
tions promote weight gain, and physicians must be cognizant of the additional health 
risks imposed by such weight gain and seek alternative therapy for susceptible individuals. 
A recent review of this subject is helpful (see ref. 14). Another problem is the excessive 
gain and weight retention that can follow pregnancy or that is associated with 
menopause. Not all women are susceptible, but at least a subset report the onset of obesity 
with these life events. 

Operationally, BMI is a useful way of communicat ing the degree of overweight. 
Table 3 shows BMI values for various heights and weights. Whereas BMI may be ele- 
vated in bodybuilders without a concomitant increase in body fat, it generally reflects an 
increased percentage of total body fat. BMI may overestimate health risks from obesity 
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Table 4 
Metabolic Syndrome Criteria/NCEP (16) Criteria a 

Risk factor Defining level 

Abdominal obesity 
Men WC > 40 in. (102 cm) 
Women WC > 35 in. (88 cm) 

Fasting glucose >110 mg/dL 
Triglycerides >150 mg/dL 
HDL cholesterol 

Men <40 mg/dL 
Women <50 mg/dL 

BP >130/85 mmHg 

aThe presence of three or more risk factors indicates metabolic syndrome. 

in African American women and underestimate them in all Asians and Indians. On a 
practical level, clinical judgment usually suffices in interpreting BMI in relation to health 
risk. In particular, consideration of waist circumference (WC), in addition to BMI, can 
aid in risk assessment. 

Intra-abdominal fat increases with age and carries the highest risk of developing car- 
diovascular and other disease consequences. Visceral fat distribution can be estimated 
by several techniques. The ratio of the circumference of the waist to the circumference 
of the hips has been widely used in epidemiological studies, but this is no better than 
the waist circumference alone. A WC >102 cm (40 in.) in men and >88 cm (35 in.) in 
women puts them in the high-risk category. 

From epidemiological data, it is clear that increased abdominal fat, particularly vis- 
ceral fat, carries increased risks. The top tertile in abdominal fat distribution nearly 
doubles the risk of mortality and morbidity from heart disease, diabetes, and hyperten- 
sion. This extra risk is observed in men and women and rises sharply for the top 10th 
percentile of abdominal fat distribution (15). When the difference in fat distribution is 
corrected, the excess mortality observed between men and women is largely, if not 
completely, eliminated. The risk associated with excess central accumulation of fat 
probably reflects the increase in visceral fat. Abnormal glucose tolerance, hyperten- 
sion, and hyperlipidemia are more closely associated with the amount of visceral fat 
than with total body fat. The sagittal diameter has been proposed as a way to estimate 
visceral fat, but currently the only reliable way to determine visceral fat is with a com- 
puted tomography or magnetic resonance imaging scan. When newer, less-expensive 
methods become available, this will be an important clinical advance. 

METABOLIC SYNDROME 

In the United States, the definition of metabolic syndrome that is most commonly 
used is that derived from the 2001 National Cholesterol Education Program (NCEP) 
(16). In Europe, the World Health Organization (WHO) has a different set of criteria 
(17). Tables 4 and 5 provide the criteria proposed by each group for defining metabolic 
syndrome. The aim of using either of these sets of criteria is to identify persons with 
insulin resistance and the accompanying dyslipidemia (small, dense low-density 
lipoprotein [LDL] particles; low levels of high-density lipoprotein [HDL] cholesterol; 
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Table 5 
WHO Definition (17)of Metabolic Syndrome, 1998 a 

1. Antihypertensive treatment and/or elevated BP (>160 mmHg systolic or 
>90 mmHg diastolic) 

2. Elevated plasma triglyceride (>1.7 mmol/L) and/or low HDL cholesterol 
(<0.9 mmol/L in men, <1.0 mmol/L in women) 

3. Elevated BMI (>30 kg/m 2 and/or WHR >0.90 in men and >0.85 in women) 
4. Microalbuminuria urinary albumin excretion rate >20 mg/mL 

aInsulin resistance (IR) plus any two of the listed conditions indicates metabolic syn- 
drome. IR is defined as having type 2 diabetes, impaired fasting glucose, IGT (for those 
with normal fasting glucose values, <110 mg/dL), and being in the highest quartile of the 
homeostasis model of IR (HOMA-IR) index. 

and elevated triglycerides), vascular dysfunction (elevations in blood pressure [BP]), 
and increased risk of developing of type 2 diabetes. Metabolic syndrome is best man- 
aged by weight reduction, as evidenced by the results of the DPP (4) and Finnish 
Diabetes Prevention trials (5). We believe that the presence of metabolic syndrome is 
an indication for medical interventions to aid weight loss, because the health risks of 
the disorder justify that approach. 

EVALUATION OF RISK T O  G U I D E  T R E A T M E N T  

Because all treatments for obesity entail some risk, it is important to decide whether 
drug treatment is appropriate for the risks involved. To do this requires an assessment 
of the risk associated with total fat and fat distribution, as well as an assessment of 
metabolic fitness and complicating factors. In general, clinical judgment can be used to 
"adjust" BMI to assess risk. We propose here a scheme that relies on fat distribution 
assessed by waist circumference and evaluation of other risk factors. Our scheme helps 
physicians codify the judgment decisions. 

Body weights associated with a BMI of 19-25 kg/m 2 are good weights for most peo- 
ple. Body weights associated with a BMI >30 kg/m 2 are almost invariably associated 
with increasing risk. Risk assessment for a BMI of 25-30 kg/m 2 should include an 
accounting for visceral fat and other comorbid factors that are affected by body weight, 
such as diabetes, hypertension, and dyslipidemia. Table 6 shows how a BMI <30 kg/m 2 
can be adjusted to reflect the risk imposed by visceral fat deposition as reflected in the 
WC. It also illustrates the adjustment that one may make to reflect the increased risk 
imparted by the presence of comorbid conditions, such as hyperlipidemia, hyperten- 
sion, sleep apnea, and physical inactivity, and for degrees of weight gain since age 18. 

Once relative risk is evaluated, the appropriateness of various treatments can be 
determined from Table 7, which uses BMI as an indicator of risk to suggest appropriate 
treatments. Lifestyle, diet, and exercise are appropriate for all levels of BMI. As BMI 
increases, consideration of adding medications to lifestyle measures is appropriate. At 
higher BMI levels, surgery becomes a viable consideration for the concerned patient 
who has failed in other attempts to lose weight. 

I N I T I A T I O N  OF P H A R M A C O L O G I C A L  T H E R A P Y  

Practice guidelines, such as the National Institutes of Health, National Heart, Lung, 
and Blood Institute "Clinical Guidelines on the Identification, Evaluation, and 
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Table 6 
Risk-Adjusted BMI Using Metabolic and Anthropometric Variables a 

Your BMI 

Adjustment scores added to BMI (kg/m 2) BMI 

Points to be added 0 + 1 +3 - -  
Weight gain since <5 5-15 >15 - -  

age 18 (kg) 
Triglycerides < 150 150-300 >300 I 

(mg/dL) 
HDL cholesterol 

(mg/dL) 
Male >50 35-50 <35 - -  
Female >60 45-60 <45 - -  

WC (cm) 
Male <80 cm (32 in.) 80-100 cm (32-42 in.) >100 cm (42 in.) - -  
Female <70 cm (28 in.) 70-90 cm (28-35 in.) >90 cm (35 in.) - -  

BP (mmHg) <130/<80 130-160/80-95 >160/>95 - -  
Sleep apnea Absent - -  Present - -  
Physical activity Regular Sedentary i __ 

Total right-hand column = your adjusted BMI 

aln the top right-hand blank, enter your current BMI. Then, for each row, select the appropriate amount 
for each risk factor if you know it, and write the points to be added in the blank in the fight-hand column. 
After filling in all of the blanks to the right, add the adjusted values to your BMI for your adjusted BMI. 

Table 7 
Use of BMI to Select Appropriate Treatments 

BMI category (kg/m 2) 

Treatment 25-29.9 27-29.9 30-34.9 35-39.9 >40 
Diet, exercise, lifestyle + + + + + 
Pharmacotherapy With comorbidities + + + 
Surgery With comorbidities + 

Treatment  of  Overweight  and Obesity in A d u l t s - - T h e  Evidence  Repor t"  (3), recom- 
mend a trial of  behavioral approaches before medications are initiated. We endorse this 

approach. In practice, however, most obese patients who are candidates for  medications 
have had prior weight loss attempts without lasting success, and physicians need only 
document  this history. 

First, before  initiating drug therapy, counsel ing sessions with patients are impor-  
tant. Because the amount  of  weight  reduction is correlated with the degree of  behav- 
ioral change, assessing readiness to change is an important  first step. The medicat ions 
will, through biological  measures,  re inforce  the intention to restrict  food  intake and 
modi fy  eating behavior.  However ,  pat ients  can overr ide  their  b iological  signals. I f  
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patients are to maximize the amount  of weight lost during the active weight  loss 
phase, they must  be ready to change entrenched behavior patterns. Second, patients 
must  have a realistic weight  loss goal. It is unrealistic for very obese patients to 
expect to achieve the ideal BMI of 25 kg/m 2. However, loss of 5-10% initial body 
weight  can translate into significant health benefits. A focus on a realistic weight 
loss goal of 10% and on health, rather than cosmetic benefits, is essential for the 
very obese. Once reached, the patient can then establish a new weight loss goal. One 
theory to the success of lifestyle change is setting small, achievable goals to prevent 
failure. 

A frank discussion of side effects must  be preliminary to a patient 's consent to 
undergo treatment. Sibutramine can cause blood pressure elevation and patients must 
be prepared to return to their doctor for monitoring. Orlistat causes fat malabsorption 
and anal leakage by blocking up to 30% of fat digestion, and occasional diarrheal steat- 
orrhea must be anticipated. Another facet of the counseling interview is to describe the 
weight gain that is certain to occur if medications are stopped and there has not been 
permanent lifestyle adaptation to maintain weight loss. 

M E D I C A T I O N  AS A D J U N C T I V E  T R E A T M E N T  

Medications for the treatment of obesity are considered adjuncts to the overall treat- 
ment plan. The other components of a standard treatment protocol include the following: 

• The use of meal replacements (i.e., shakes, bars, frozen entrees) as means of portion 
and calorie control. These are important adjuncts in the active weight loss and weight 
loss maintenance phases. 

• Counseling on how to reduce fat and calorie intake. 
• An exercise program that will increase activity such as walking. 
• The use of techniques for behavior modification that can help the patient monitor food 

intake, increase physical activity, and develop constructive cognitive strategies for deal- 
ing with the everyday demands to eat. 

STRATEGIES  F O R  P R E V E N T I O N  OF RELAPSE 
F O L L O W I N G  W E I G H T  LOSS 

Physicians should develop a list of local resources for weight loss and lifestyle adap- 
tation. Health clubs, hospital- or clinic-based programs, commercial  programs (e.g., 
Weight Watchers, Jenny Craig, Weight Loss Resources, Nutri/System), and support 
organizations (e.g., Overeaters Anonymous, TOPS Club) can all play a role. 

If a patient is an appropriate candidate, treatment options are discussed and medica- 
tions are initiated with the behavioral program. Failure to lose >4 lb after 4-8 wk of 
treatment is considered "treatment failure." Nonresponsive patients should not continue 
on medication. Evidence from clinical trials demonstrates that weight loss plateaus 
after 6 mo or less. When patients discontinue the treatment, as they often do, they 
regain weight unless lifestyle changes have become a permanent  part of daily life. 
Enrollees in our weight loss programs must commit to 1 yr of treatment and then are 
given the option of either continued medication or an intensive lifestyle program that 
incorporates exercise (burning >2000 kcal/wk) and behavior modification techniques. 
We encourage them to resume medication whenever weight regain exceeds 5% and 
provide "refresher courses" of more intensive therapy. 



466 Bray and Ryan 

Table 8 
FDA-Approved Drugs for Treatment of Obesity 

Drug Trade names Dosage 

Pancreatic lipase inhibitor approved for long-term use 

Orlistat Xenical 120 mg three times - -  
daily before meals 

Norepinephrine-serotonin reuptake inhibitor approved for long-term use 

Sibutramine Meridia 5-15 mg/d IV 
Reductil 

Noradrenergic drugs approved for short-term use 

US Drug 
Enforcement 

Agency 
schedule 

Diethylpropion Tenuate 
Tenuate Dospan 

Phentermine Adipex 
Ionamin Slow 
Release 

Benzphetamine Didrex 
Phendimetrazine Bontril 

Prelu-2 

25 mg three times daily IV 
75 mg every morning 
15-37.5 mg/d IV 
15-30 mg/d 

25-50 mg three times daily 
17.5-70 mg three times daily 
105 mg every day 

III 
III 

The physician plays an important role in monitoring progress by providing positive 
reinforcement for success and devising constructive strategies for problem areas. Once 
weight has plateaued, the physician must shift emphasis to the lifelong goal of weight 
maintenance. 

DRUGS APPROVED F OR CLINICAL USE IN T R E A T M E N T  
OF OBESITY 

Only two drugs are approved for long-term management of obesity by the Committee 
on Proprietary Medicinal Products (CPMP) and FDA: sibutramine (Meridia in the United 
States and Reductil in Europe) and orlistat (Xenical). Phentermine is still widely pre- 
scribed in the United States but has approval for short-term management of 
obesity--usually interpreted as use for a few weeks--and has been taken off the market 
in Europe. Phentermine is no longer patent protected in the United States and is thus rel- 
atively inexpensive. Other noradrenergic drugs are still available in the United States but 
are rarely used. Table 8 gives all drugs currently listed in the U.S. Physicians'Desk 
Reference with an obesity indication. We recommend two comprehensive reviews of 
obesity pharmacotherapy (see refs. 18 and 19). 

Sibutramine 
Sibutramine entered the American market in 1997. It is a [3-phenethylamine with a 

cyclobutyl group on the side chain. Sibutramine inhibits the reuptake of serotonin and 
norepinephrine and produces weight loss by a dual mechanism of action. It promotes 
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satiety and increases energy expenditure, blocking the reduction in metabolic rate that 
accompanies weight loss. One key to successful use of sibutramine is to prescribe an 
appropriate dietary approach. Because sibutramine promotes satiety--it does not pro- 
duce anorexia--it  works best in a program that enforces regular portion-controlled 
meals. One regimen for the active weight loss period is to use two meal replacements 
(breakfast and lunch), two small fruit snacks (150 kcal each), and a sensible dinner 
(approx 600-700 kcal or two frozen entrees) in addition to sibutramine. 

There are three key factors to sibutramine's efficacy. First, weight loss is dose related. 
The usual starting dose is 10 mg, but the drug may be increased to 15 mg. An advan- 
tage is sibutramine's once-a-day dosing. Second, the amount of initial weight loss is 
related to the intensity of the behavioral intervention. Highly structured, portion- 
controlled schemes produce the most weight loss. Third, sibutramine is very effective 
at weight loss maintenance. Placebo-controlled studies demonstrate successful weight 
loss maintenance with sibutramine for up to 2 yr. 

In general, clinical trials inform us that about three-fourths of patients treated with 
15 mg/d of sibutramine will achieve >5% weight loss and 80% of those will maintain 
that loss for 2 yr. About 5% of patients will not tolerate the drug because of adverse 
effects on BP and pulse. Some patients (approx 20%) are non responders. 

Sibutramine, like other sympathomimetic agents, produces a small increase in mean 
heart rate and mean BE which has been observed in clinical trials. The BP response is 
variable, however. A subset, about 5%, of patients appear to be sensitive to the BP effects 
and cannot tolerate sibutramine. Some patients may need to discontinue sibutramine 
because of BP elevations to a hypertensive range. Other side effects, including dry mouth, 
insomnia, and asthenia, are similar to those of other drugs. Sibutramine is not associated 
with valvular heart disease, primary pulmonary hypertension, or substance abuse. 

Sibutramine should be used with caution in patients with cardiovascular disease and 
in those taking selective serotonin reuptake inhibitors. It should not be used within 2 wk 
of taking monoamine oxidase inhibitors nor should it be used with other noradrenergic 
agents. For more information on sibutramine's clinical use, readers are directed to ref. 
20, for a recent review. 

Orlistat 

Orlistat is marketed as Xenical. Fat digestion can be inhibited by blocking the enzy- 
matic action of pancreatic lipase. In experimental studies, orlistat (tetrahydrolipstatin) 
has been shown to be a potent inhibitor of lipase activity that decreases intestinal 
triglyceride hydrolysis in a dose-dependent manner. In clinical trials, it also has a dose- 
dependent effect on fat absorption and weight loss. After a high-fat meal, steatorrheal 
diarrhea is expected, but gastrointestinal (GI) events in practice are mild to moderate, 
resolve spontaneously, and are usually limited to one or two episodes per patient. 
Deficiency of fat-soluble vitamins can occur, and vitamin supplementation should be 
used. In general, patients tolerate the drug very well, especially if there is advance 
patient education. 

Orlistat works best when given with a diet that has approx 30% fat content, so patient 
counseling is important. If a high-fat meal or snack is consumed, GI distress can result. 
For a very-low-fat meal, orlistat will not produce a caloric deficit and patients on a low- 
fat diet will not lose weight while taking orlistat. 

Orlistat is effective in producing and sustaining weight loss. It is given at a dose of 
120 mg before meals three times daily. Data from clinical trials support that about 70% 
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of patients will achieve >5% weight loss and at 2 yr 70% of them will have maintained 
that loss. There are clinical trials documenting the use of orlistat for up to 4 yr. 

One advantage of the use of orlistat is its beneficial effect on LDL cholesterol. 
Because orlistat blocks fat absorption, the reduction in LDL is about twice that seen 
with weight loss alone. A recent review provides more detail on the clinical use of orli- 
stat (see ref. 21). 

O T H E R  DRUGS IN CLINICAL TRIALS 

Bupropion, a drug approved by the FDA for treatment of depression, produces 
weight loss (22). A 6-mo randomized, double-blind, placebo-controlled trial (22) com- 
pared two doses of bupropion against placebo. Both doses of medication produced 
significantly more weight loss than placebo. Topiramate is a neurotherapeutic agent 
approved for the treatment of epilepsy. A placebo-controlled, double-blind, randomized 
dose-ranging clinical trial of topiramate at doses of 64, 96, 192, and 184 mg/d pro- 
duced dose-related weight loss but was also associated with dose-related increases in 
the number of neurological side effects. Zonisamide is another neurotherapeutic drug 
used in the treatment of epilepsy. In a 16-wk randomized, placebo-controlled clinical 
trial, it produced significantly greater weight loss than placebo. Rimonabant, an antag- 
onist to the cannabinoid receptor-1 (CB-1), produced significant weight loss in a dou- 
ble-blind, randomized, placebo-controlled trial. This drug also reduces weight gain in 
individuals who stop smoking. Leptin is a peptide produced almost exclusively in adi- 
pose tissue. Absence of leptin produces massive obesity in mice (ob/ob) and in humans 
(23), and treatment with this peptide decreases food intake in the ob/ob mouse and the 
leptin-deficient human (24). A dose-ranging clinical trial with leptin produced modest 
loss of weight with doses ranging from 0.01 to 0.3 mg/kg. Axokine, a modified form of 
ciliary neurotrophic factor, acts through the same janus kinase signal for transduction 
and translation system as leptin, but also through leptin-independent mechanisms, since 
Axokine reduces food intake in animals that lack leptin or leptin receptors (25). In a 
randomized clinical trial, it produced modest weight loss that was much smaller in peo- 
ple who developed antibodies to it. 

Neuropeptide Y (NPY) is one of the most potent stimulators of food intake and 
appears to act through NPY Y-5 and/or Y-1 receptors (18). Several pharmaceutical com- 
panies are attempting to identify antagonists to these receptors (26). Nasally adminis- 
tered PYY is one of these antagonists currently in clinical trials. Pancreatic glucagon 
produces a dose-related decrease in food intake (18). A fragment of glucagon (amino 
acids 6-29) called glucagon-like peptide-1 (GLP-1) reduced food intake when given 
either peripherally (27) or into the brain, and, thus, exendin, an analog of GLP-1, has 
been used in humans (28). 

SPECIAL ISSUES IN DIABETES 

Regarding patients with diabetes, diabetic control improves with weight reduction, 
and hypoglycemia becomes a possibility for those patients taking insulin or oral 
hypoglycemic medications. Some patients may develop increased hunger owing to 
hypoglycemia, and weight loss may slow or stop. Physicians must remember to monitor 
glucose carefully and to reduce or stop diabetic medications as weight loss occurs. In 
our clinics, we halve or discontinue insulin and sulfonylureas at the start of the weight- 
loss program. 
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I N T R O D U C T I O N  

Type 2 diabetes mellitus is a chronic disease often associated with obesity that is 
increasing at an alarming rate, with a projected prevalence of 366 million cases world- 
wide by 2030 (1). In the United States, the lifetime risk of developing diabetes for indi- 
viduals born in 2000 is a staggering 32.8% for males and 38.5% for females (2).The 
rapid increase in the prevalence of this condition is likely related to several factors, 
including the concomitant escalation in the prevalence of obesity (3), a sedentary 
lifestyle and high-fat diets, and an aging population. Type 2 diabetes is also increasing at 
epidemic proportions in children and adolescents in association with the increasing 
prevalence of obesity in this population as well (4). These statistics are especially dis- 
turbing in light of the fact that diabetes is one of the leading causes of blindness, end- 
stage renal disease, and lower-extremity amputation and contributes significantly to 
cardiovascular death (5,6). In this chapter, we focus on the medical treatment of type 2 
diabetes, with a specific emphasis on the approach to the obese patient with this disease. 
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PATHOPHYSIOLOGY AND NATURAL HISTORY OF TYPE 2 DIABETES 

A major pathophysiological defect in type 2 diabetes is insulin resistance, which occurs 
primarily at the level of skeletal muscle and the liver and leads to unrestrained hepatic glu- 
cose production and diminished insulin-stimulated glucose uptake and utilization (7,8). 
The mechanism by which this occurs may be related to defects in insulin receptor binding, 
decreased numbers of insulin receptors; or, most commonly, postreceptor attenuation of 
insulin action (7). The resulting hyperglycemia further impairs insulin secretion and wors- 
ens insulin resistance, through downregulation of the glucose transport system in [3-cells 
and insulin-sensitive tissues, causing a state of "glucose toxicity" (8). In addition, the high 
circulating free fatty acid levels associated with diabetes further aggravate insulin resist- 
ance and may adversely affect [3-cell secretion, a phenomenon known as lipotoxicity (9). 

Although type 2 diabetes is typically considered a state of insulin resistance, impair- 
ment of [3-cell secretory function (both basal and glucose stimulated) is a prerequisite 
and early manifestation of the condition (7). Longitudinal studies in Pima Indians, a 
population with a particularly high incidence of type 2 diabetes, provide evidence that 
dual defects in insulin secretion and insulin action occur early in the course of the dis- 
ease (10). Serum glucose levels increase progressively over time, and it has been sug- 
gested that [3-cell secretory dysfunction may be present in some patients as long as 
9-12 yr before diagnosis (11). Loss of the acute insulin response to a carbohydrate load 
generally occurs when fasting plasma glucose levels reach 115 mg/dL (7) and leads to 
postprandial hyperglycemia. By the time fasting glucose levels reach 140 mg/dL, 75% 
of [3-cell function has been lost (12), underscoring the important role that I]-cell dys- 
function, in addition to insulin resistance, plays in the pathogenesis of the disease. 

Type 2 diabetes is a progressive disorder that often requires more pharmacological ther- 
apy over time. This was demonstrated in the United Kingdom Prospective Diabetes Study 
(UKPDS), in which patients receiving either conventional or intensive treatment had initial 
improvement in hemoglobin Alc (HbAlc) but secondary treatment failure ensued at the 
same rate for each group regardless of the therapy used (13). The difficulty in maintaining 
HbAlc at target levels over time may be related to patient factors (e.g., lack of adherence 
to diet, exercise, and medication regimens) but primarily reflects the natural history of the 
disease, which is associated with a progressive decline in [3-cell function (14). 

GOALS OF THERAPY AND M O N I T O R I N G  IN TYPE 2 DIABETES 

It is important to establish goals for patients with type 2 diabetes early in the treat- 
ment plan and to provide guidelines for recognition of ineffective therapy so that 
appropriate modification of treatment can occur in order to optimize glycemic control 
and reduce risk of complications. The American Diabetes Association (ADA) and the 
American College of Endocrinology (ACE) have proposed target goals for fasting and 
postprandial plasma glucose levels and HbAlc (Table 1) (15,16). Plasma glucose lev- 
els are generally 10% higher than capillary whole blood glucose, and postprandial 
glucose levels are defined as peak levels 1 to 2 h (15) or 2 h (16) after the beginning 
of a meal. 

The recommendations for target goals by the ADA and ACE differ slightly, but the 
overall goal of therapy should be to achieve the best glycemic control without excessive 
risk of hypoglycemia and with consideration for patient-specific factors such as medical 
comorbidities and expected longevity. Thus, the optimal frequency and timing of self- 
monitored blood glucose levels requires tailoring to the needs of the individual patient 
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Table 1 
Diabetes Treatment Goals (15,16) 

Normal ADA goal ACE goal 

Preprandial glucose (mg/dL) a <100 90-130 <100 
Postprandial glucose (mg/dL) a <140 c <180 <140 c 
HbAlc (%)b <6.0 <7.0 <6.5 

aplasma glucose values. 
bHbAIC, glycosylated hemoglobin. 
CTwo-hour postprandial. 

but should be sufficient to facilitate the achievement of glycemic goals. HbAlc levels 
should be measured at least twice per year in patients who are meeting treatment goals 
but more frequently (every 3 mo) in those who are not meeting goals or in whom 
changes in therapy are being made (15). When modifying treatment to meet targets for 
fasting and postprandial blood glucose levels and HbAlc, it is important to remember 
that postprandial glucose levels contribute more than fasting glucose levels to HbAlc at 
levels of HbAlc <7.3% (17). 

MEDICAL N U T R I T I O N  THERAPY AND EXERCISE 

Lifestyle modification, in the form of medical nutrition therapy and exercise, is an 
essential and integral component, along with pharmacotherapy when necessary, of an 
optimal management program for patients with type 2 diabetes. Diet and lifestyle 
approaches to the management of diabetes are discussed in greater detail in Chapter 24, 
and, thus, we only briefly discuss this topic herein. 

The Diabetes Prevention Program study of more than 3000 nondiabetic subjects with an 
average body mass index of 34 kg/m 2 illustrates the importance of lifestyle intervention in 
the prevention of diabetes (18). Lifestyle modification (with a goal of at least 7% weight 
loss and 150 min of physical activity per week) had a greater effect (58% compared to 
placebo) on reduction in the incidence of diabetes than metformin (31% reduction) (18). 
When type 2 diabetes is associated with obesity, modest weight loss can significantly 
improve insulin resistance and ]3-cell function (19). Thus, dietary counseling focusing on 
appropriate carbohydrate intake and caloric reduction for weight loss is critical. Exercise is 
an essential counterpart to dietary changes for achieving weight loss and provides a num- 
ber of synergistic metabolic benefits, including improvement in insulin sensitivity and 
glycemic control, maintenance of weight loss, reduction of cardiovascular risk, and 
increased psychological well-being (20). In a recent meta-analysis, pharmacotherapy 
(including orlistat and sibutramine) for weight loss (discussed in greater detail in Chapter 
26) in patients with type 2 diabetes resulted in a modest but statistically significant weight 
loss of 2.6--4.5 kg that was associated with an improvement in HbAlc of 0.4-0.7% (21). 

Recently, much attention has been directed in the popular media toward low- 
carbohydrate diets for weight loss. Several studies have been conducted to address the 
benefits of low-carbohydrate compared with more traditional, low-fat diets for the treatment 
of obesity (22-25). There is evidence for greater weight loss at 6 mo on low- 
carbohydrate diets, but the weight loss achieved with low-carbohydrate and low-fat 
diets was not significantly different at 1 yr (22,23). Although these diets do not appear 
to have deleterious effects on lipid profiles or blood pressure, the long-term effects of 
low-carbohydrate diets are not well understood. Thus, it is important to individualize 
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recommendations for patients with a goal to achieve at least modest weight loss (5-10% 
of baseline body weight) (19). Low glycemic index diets may be associated with more 
successful weight loss and improved glycemic control (26). 

ORAL ANTIHYPERGLYCEMIC AGENTS 

Because attempts at lifestyle modification alone often fail to induce or maintain 
adequate glycemic control in the majority of patients (27), pharmacotherapy is usu- 
ally necessary. Several classes of oral agents are now available for clinical use (Table 2). 
These agents have been discussed in greater detail recently (see refs. 28-30) and, 
thus, are reviewed only briefly herein, with a focus on the practical use of these med- 
ications in the obese patient with diabetes. Most oral agents as monotherapy will 
lower HbAlc levels by 0.5-2%, and the addition of a second agent usually provides 
an additional lowering of 0.5-2%, depending on the agent used (Table 2) (31-52). 

Insulin Sensitizers 
BIGUANIDES: METFORMIN (GLUCOPHAGE ®) 

Metformin increases insulin sensitivity at the level of the liver by inhibiting hepatic 
gluconeogenesis and reducing hepatic glucose production (31). Metformin may 
decrease glucose absorption from the gastrointestinal (GI) tract and also increases 
peripheral insulin sensitivity through mechanisms that are not well understood. 

THIAZOLIDINEDIONES: ROSIGLITAZONE (AVANDIA ®) AND PIOGLITAZONE (ACTOS ®) 
Thiazolidinediones (TZDs) are an important, relatively newer class of insulin sensi- 

tizers that activate peroxisome proliferators-activated receptor 7 receptors found prima- 
rily in adipose tissue and alter transcription of proteins involved in insulin resistance 
and glucose uptake (32). TZDs also improve insulin sensitivity at the liver (by reducing 
hepatic glucose production) and muscle (by increasing glucose uptake), likely through 
indirect mechanisms. 

Insulin Secretagogues 
SULFONYLUREAS: GLYBURIDE (DIABETA ®, MICRONASE ®, GLYNASE®), GLIPIZIDE 
(GLUCOTROL ®, GLUCOTROL XL®), CItLORPROPAMIDE (DIABINESE®), 
AND GLIMEPIRIDE (AMARYL ®) 

Sulfonylureas stimulate insulin secretion by the ~l-cell through activation of an 
adenosine triphosphate-dependent potassium channel on the B-cell plasma membrane, 
which results in cell membrane depolarization, an increase in intracellular calcium, and 
subsequent release of insulin (33). 

SHORT-ACTING NONSULFONYLUREA INSULIN SECRETAGOGUES: REPAGLINIDE 
(PRANDIN ®) AND NATEGLINIDE (STARLIX ®) 

The meglitinide analog, repaglinide and the D-phenylalanine derivative nateglinide, 
are newer nonsulfonylurea agents that stimulate acute insulin secretion in response to 
nutrients (34). They are rapidly absorbed from the GI tract and have a short half-life 
(approx 1.5 h) and duration of action (approx 2-4 h). 

o~-Glucosidase Inhibitors: Acarbose (Precose ®) and Miglitol (Glyset ®) 
This class of medications, ~-glucosidase inhibitors, delays the absorption of carbo- 

hydrates and, thus, primarily reduces postprandial hyperglycemia (by up to 50 mg/dL) 
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Medical Nutrition Therapy, Exercise, Education, and SMBG 

Chan et al. 

HbAlc 6.5 - 7% HbAlc 7% to 8% I HbAlc >8%* 

Consider insulin Start insulin 
sensitizer alone sensitizer 

Target not me, ] [  ar0et not met I I  ar et no, rnet J 

Full insulin therapy with 
or without insulin sensitizers 

Combination of 
insulin sensitizer 
and secretagogue 

Start insulin or add 
third oral agent 

Fig. 1. New treatment paradigm for obese patient with type 2 diabetes. *Insulin therapy should be 
initiated if severe symptoms and ketonuria are present and in patients who are pregnant or planning 
to become pregnant in the near future. SMBG, self-monitoring of blood glucose; HbAlc, glycosy- 
lated hemoglobin. (© Martin J. Abrahamson, MD.) 

without significant effects on fasting glucose levels yet can achieve a modest reduction 
in HbAlc (0.5-1%) (35). 

APPROACH T O  USE OF ORAL ANTIHYPERGLYCEMIC AGENTS 
IN OBESE PATIENTS XVITH TYPE 2 DIABETES 

Type 2 diabetes has traditionally been treated in a stepwise manner, starting with 
lifestyle modification, proceeding to the use of one oral antihyperglycemic agent, fol- 
lowed by a combination of two or more oral agents before considering insulin (53). 
However, data from the National Health and Nutrition Examination Survey of 
1999-2000 demonstrated that <40% of patients with diabetes attained the ADA HbAlc 
goal of <7% (54). Thus, a more aggressive approach is warranted to improve the per- 
centage of patients reaching target goals for HbAlc. 

In Fig. 1 and the section below, we present our general approach to the initiation of 
pharmacotherapy for the obese patient with type 2 diabetes. When medical nutrition ther- 
apy and exercise (as discussed earlier) fail to achieve glycemic goals, pharmacotherapy 
should be instituted and guided by the HbAlc  and severity of symptoms. 
Consideration should be given to starting combination therapy simultaneously, rather 
than sequentially, in patients with suboptimal glycemic control whose HbAlc exceeds 
8%. The selection of specific agents depends on the dominant underlying pathophys- 
iology and should also be guided by efficacy of the drug, as well as its durability of 
effect, side effect profile, contraindications, and potential benefit for some of the 
other metabolic abnormalities associated with obesity and insulin resistance. For 
example, insulin sensitizers have a number of nonglycemic actions that ameliorate 
these metabolic abnormalities, including effects on body weight and fat distribution, 
lipid profiles, inflammatory markers, and thrombotic tendency (Table 3) (55-77), in 
contrast to sulfonylureas, which have minimal effects on these parameters except for a 
tendency to increase body weight. TZDs lower triglycerides (pioglitazone more effec- 
tively than rosiglitazone) and increase high-density lipoprotein (HDL) and low-density 
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Table 3 
Nonglycemic Effects of Insulin Sensitizers on Metabolic Abnormalities Associated 

With Obesity and Insulin Resistance (55-69,71-77) ~ 

Metformin TZDs 

Body composition 
Body weight $/~--~ 1" 
Body fat (total) $ 1 "p 
Visceral fat $ ,1,[4._) P,T 
Subcutaneous fat $ 1" P,T 
Visceral/sc fat ratio ~ $ 

Lipid profile 
Total cholesterol $ +-~ P / 1" R 
LDL-cholesterol $ 4--) P ] 1" R 
HDL-cholesterol +_.) 1" ER 
Triglycerides $/+_~ $ P/~._)R 

Inflammatory markers 
C-reactive protein SA--~ SP, R,T 

Thrombotic factors 
PAI-1 $ $ 
Fibrinogen ~ $ 
Platelet aggregation $ $ 

al"= increase; $ = decrease; <---) -- no significant effect; TZDs, thiazolidinediones 
P = pioglitazone; R = rosiglitazone; T = troglitazone; PAI-1 = plasminogen activator inhibitor-1. 

lipoprotein (LDL) cholesterol, although the increased LDL is due to a shift of  small, 
dense LDL toward larger, less atherogenic particles (65,66). In some studies, the use 
of pioglitazone has been associated with more favorable improvements in lipid meta- 
bolism compared with rosiglitazone (63,64). However, the long-term relative efficacy 
and clinical outcomes of the nonglycemic, metabolic effects of these agents remain 
to be fully determined. 

Patients with an HbAlc of <7% are at the ADA and ACE goals for therapy. However, 
one could consider the use of an insulin sensitizer in this situation, given the lack of 
hypoglycemia and the general favorable side effect profile associated with these med- 
ications, especially in patients with no other comorbid diseases. Data from the UKPDS 
study demonstrated a 21% risk reduction in any diabetes-related end point for each 1% 
reduction in HbAlc,  with no threshold of risk observed for any end point. Thus, the 
lowest risk of any microvascular or macrovascular complication was observed in those 
patients with an HbAlc in the normal range of <6% (78). 

In patients whose HbAlc is between 7 and 8%, an insulin sensitizer should be consid- 
ered as the initial therapy of choice to address the insulin resistance typically present in 
the obese patient with diabetes. Metformin is often used in this situation because of its 
weight-neutral effect or tendency to induce a modest amount of weight loss. In addition, 
the use of metformin as monotherapy in overweight patients in the UKPDS was associ- 
ated with a significant decrease in macrovascular events including mortality (79). TZDs 
have also been shown to be safe and effective agents as monotherapy in patients with type 
2 diabetes inadequately controlled by lifestyle interventions (80). These medications may 
be particularly beneficial for the patient with signs of severe insulin resistance (e.g., acan- 
thosis nigricans) or renal impairment (in whom metformin would be contraindicated). 
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In patients with suboptimally controlled diabetes whose HbAlc is >8%, initial com- 
bination therapy with two agents (an insulin sensitizer and a secretagogue) should be 
considered because greater glycemic control can be attained compared to monotherapy 
alone. The use of glyburide and metformin in a fixed-dose combination tablet 
(Glucovance TM) as initial therapy in patients with inadequate control on diet and exer- 
cise alone has been shown to result in a greater reduction in HbAlc compared to 
monotherapy with metformin and glyburide alone (81,82). Two other fixed-dose com- 
binations recently approved by the Food and Drug Administration are glipizide and 
metformin (Metaglip TM) and rosiglitazone and metformin (AvandametTM). These com- 
bination medications may facilitate adherence to therapeutic regimens. 

The short-acting nonsulfonylurea secretagogues target mainly postprandial, rather 
than fasting, blood glucose levels and may be particularly attractive for patients with 
irregular meal schedules or frequently skipped meals. These medications are taken with 
meals but not taken when a meal is missed, thus reducing the risk of hypoglycemia, 
which may be more likely to occur when a meal is missed by someone taking a long- 
acting sulfonylurea. These medications can also be used safely in patients with renal 
impairment. 

The use of c~-glucosidase inhibitors can be considered as monotherapy (83) for 
patients with an HbAlc <7% or in combination with other classes of antihyperglycemic 
medications (metformin, sulfonylureas) to achieve an additional lowering of HbAlc of 
approx 0.5-1%. These medications also primarily decrease postprandial blood glucose 
levels and, thus, can be used in patients in whom postprandial hyperglycemia is the 
predominant problem. 

AVAILABLE INSULIN FORMULATIONS:  BASAL A N D  S H O R T  
O R  RAPID A C T I N G  

Because of the progressive decline in 13-cell function over time, many patients will 
eventually require insulin therapy. Use of insulin in patients with type 2 diabetes is 
often viewed by patients as a treatment of "last resort" after oral agents have failed and, 
thus, may carry negative connotations. Hence, it is important to recognize that insulin 
treatment is initiated as a consequence of the progressive nature of the disease, rather 
than secondary to noncompliance. Insulin remains an important part of the therapeutic 
regimen for these patients and should be utilized when appropriate to optimize glycemic 
control. In this section, we present a brief overview of the normal physiology of insulin 
secretion and currently available insulin formulations, which have been reviewed in 
greater detail elsewhere (84,85). In the next major section, we present a practical approach 
for initiating and adjusting insulin regimens in obese patients with type 2 diabetes. 

In individuals without diabetes, a basal amount of insulin is secreted at all times to 
regulate hepatic glucose production overnight and between meals (8). At mealtime, 
ingestion of nutrients stimulates the acute, first-phase insulin response, followed by a 
second phase of insulin secretion that persists while blood glucose levels are elevated. 
Mealtime insulin secretion ensures inhibition of hepatic glucose production and pro- 
motion of glucose disposal. This maintains glucose levels within a normal range until 
they return to premeal levels, at which time insulin secretion also decreases to basal 
levels (8). 

Although the secretion of insulin in healthy individuals is complex and cannot be 
fully replicated in patients with diabetes, a combination of basal and short-acting, 
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meal-related insulin provides the most physiological insulin replacement regimen. A 
basal insulin should ideally provide 24-h coverage without pronounced action peaks and 
with minimal risk of hypoglycemia. Similarly, a short-acting, meal-related insulin should 
ideally closely mimic the normal rapid rise in insulin after a meal with a subsequent rapid 
decline as glucose levels normalize in order to minimize postprandial hypoglycemia. 

Basal Insulin Therapy: Neutral Protamine Hagedorn (NPH), Lente ~, 
Ultralente ~, and Insulin Analog Glargine (Lantus ®) 

NPH and Lente administered twice daily provide 24-h basal insulin coverage. 
Ultralente has a longer duration of action than NPH and Lente but does not provide 24-h 
coverage when administered once daily and is not commonly used owing to variability in 
absorption, inconsistent peak patterns, and erratic therapeutic outcomes (86). 

Insulin glargine is an insulin analog with molecular modifications [Gly A21, Arg B31, 
Arg B32] that shift the isoelectric point, resulting in reduced solubility at a physiological pH. 
After subcutaneous injection, glargine forms microprecipitates in the sc tissue, which delays 
its absorption into the systemic circulation (84). This results in a gradual and relatively con- 
stant-release pattern over approx 24 h with no pronounced peak in most patients (87,88). 

Short- and Rapid-Acting Insulin Therapy: Regular Insulin, Lispro 
([Lys B28, ProB29], Humalog®), Aspart ([AspB28], NovoLog®), Glulisine 

([Lysm, GluB29], Apidra ®) 
Regular insulin has its peak action approx 2-4 h after administration and a duration 

of action of approx 4-6 h. In some patients, the relatively slow onset of action may 
result in early postprandial hyperglycemia, and the long duration of action may cause 
late postprandial hypoglycemia. 

Rapid-acting insulin analogs (lispro, aspart, and glulisine) have been developed 
through modifications of the insulin molecule and are more rapidly absorbed with a 
shorter time to peak action and duration of action compared to regular insulin (84). 
Lispro, aspart, and glulisine are administered immediately before a meal in order to 
minimize mismatching of insulin action and carbohydrate absorption and thus reduce 
early postprandial hyperglycemia and late postprandial hypoglycemia. The pharmaco- 
kinetic profiles of these rapid-acting insulin analogs are similar, although aspart may 
have a slightly longer duration of action compared with lispro (89). 

APPROACH TO USE OF INSULIN IN OBESE PATIENTS 
W I T H  TYPE 2 DIABETES 

Insulin therapy should be considered initially in the following situations: (1) in 
patients presenting with severe symptoms and/or evidence of ketonuria or diabetic 
ketoacidosis; (2) in pregnant patients or patients undergoing preconception planning to 
become pregnant in the near future, because oral hyperglycemic agents cannot be used 
safely in pregnancy; and (3) in patients failing oral therapy with two agents. In the latter 
situation, a decision to add insulin or a third oral agent is often necessary. Addition of a 
TZD (troglitazone, which was withdrawn from the market because of hepatotoxicity, or 
rosiglitazone) to patients poorly controlled with a sulfonylurea and metformin resulted 
in a further reduction in HbAlc levels of 1% (rosiglitazone) (90) to 1.4% (troglitazone) 
(91). Thus, patients with an HbAlc of >8.5% may have a relatively slim chance of 
reaching target glycemic goals with the addition of a third oral agent, and institution of 
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Table 4 
Starting Basal Insulin a 

1. Add a single evening insulin dose (-10 U or 0.1 U/kg): 
• Use NPH or insulin glargine at bedtime or consider premixed insulin at dinner if post- 

dinner glucose is elevated. 
2. Adjust the evening insulin dose based on FBG, increasing every 3-5 d as needed provided 

no nocturnal hypoglycemia occurs: 
• Increase by 2 U ifFBG > 120 mg/dL. 
• Increase by 4 U if FBG > 140 mg/dL. 
• Increase by 6 U ifFBG > 160 mg/dL. 

3. Treat to target level (usually FBG < 120 mg/dL). 

aFBG, fasting blood glucose. 

insulin should be considered in this situation. A recent study evaluating the efficacy of 
adding a TZD (pioglitazone) vs bedtime NPH insulin to patients with suboptimal con- 
trol on metformin and an insulin secretagogue found similar decreases in HbAlc with 
both treatments (1.9% with pioglitazone and 2.3% with insulin) but less hypoglycemia 
and increased HDL levels with pioglitazone compared to insulin (92). 

If fasting blood glucose levels are elevated, basal insulin with NPH or insulin glargine 
should be started at bedtime. Addition of a basal bedtime insulin to oral monotherapy or 
combination therapy that is no longer effective has been shown to improve glycemic 
control (93-95). Table 4 outlines a simple approach to starting basal insulin. The majority 
of obese patients can be safely started on 10 U (<0.1 U/kg) of NPH or glargine at bed- 
time although higher doses (e.g., 0.2 U/kg) can be considered initially in more obese, 
insulin-resistant individuals. Depending on whether fasting blood glucose levels remain 
consistently above 120, 140, or 160 mg/dL, dose adjustments of 2, 4, or 6 U, respec- 
tively, should be made every 3-5 d until a target fasting glucose of <120 mg/dL is 
reached provided that nocturnal hypoglycemia does not occur. The use of insulin glargine 
has been associated with less nocturnal hypoglycemia compared with NPH in some 
studies (94, 95). Patients should continue their oral agents at the same dose after starting 
bedtime insulin, but the dose may eventually need to be reduced. 

In addition to monitoring fasting blood glucose levels, postprandial glucose levels 
should be monitored in the patient receiving insulin therapy. Once fasting glucose lev- 
els are in the target range, a short-acting insulin or rapid-acting insulin analog should 
be considered if postprandial glucose levels remain consistently above goal and should 
be utilized before meals with the highest postprandial glucose excursions. The starting 
dose for the short- or rapid-acting insulin can be as low as 2 or 4 U, with titration up 
until target glucose levels have been reached. Although this approach may require more 
frequent administration of insulin, it also provides more flexibility for patients regard- 
ing timing of meals. Once patients require short-or rapid-acting insulin, oral secreta- 
gogues can be stopped but insulin sensitizers should be continued. A number of studies 
have demonstrated benefit (i.e., improved glycemic control on lower doses of insulin) 
with combination therapy of insulin and an insulin sensitizer. Both metformin (96-100) 
and TZDs (101-105) have been used with insulin although the combination of TZD 
with insulin was associated with more weight gain and edema (104,105) than met- 
formin with insulin. 

Multiple daily injection regimens with a rapid-acting insulin before meals and an 
intermediate- or long-acting insulin for basal supplementation have been associated with 
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improved glycemic control in patients with type 2 diabetes (106). Increasing the number 
of injections may help decrease the incidence of hypoglycemia by providing a more 
physiological insulin profile. For example, in patients using NPH and rapid-acting 
insulin twice daily, the risk of nocturnal hypoglycemia may be reduced by changing the 
time to take NPH from suppertime to bedtime (107,108). This avoids waning of the 
insulin effect coinciding with the dawn phenomenon (an increase in insulin resistance 
during the early morning hours) (108). The use of glargine insulin has been shown to pro- 
vide a smoother metabolic effect and more physiological basal insulin coverage compared 
with NPH insulin, with no pronounced peak and lower intersubject variability (87,88). 

For patients who require both basal and prandial insulin but prefer to avoid multiple 
injections of insulin on a daily basis, combinations of rapid-acting analogs with inter- 
mediate-acting insulin using either premixed insulins or split-mix insulin regimens can 
be considered. Premixed fixed-dose insulin combinations administered twice daily 
before breakfast and dinner provide the simplest approach to using prandial and basal 
insulin but do not allow the dose of each component to be adjusted separately. Premixed 
insulin formulations containing rapid-acting insulin analogs have been associated with 
improved glycemic control compared with those containing regular insulin (109). 
Alternatively, varying combinations of short- or rapid-acting and intermediate-acting 
insulins can be administered twice daily before breakfast and dinner. This requires that 
the insulins be mixed together in a syringe by the patient but also permits more flexibility 
in dose adjustment. 

A LOOK TO T H E  FUTURE: U P C O M I N G  THERAPIES 

Significant advances have been made in the therapeutic armamentarium for the man- 
agement of diabetes. However, the escalating prevalence of this chronic disease and the 
inexorable progressive nature of the condition compel the development of effective 
new agents for the treatment of diabetes. Thus, intensive efforts are being employed to 
develop novel agents, including agonists of glucagon-like peptide-1 (GLP-1), a hor- 
mone secreted from the GI tract after food ingestion that acts on l]-cells to stimulate 
insulin secretion in a glucose-dependent fashion (110). Similarly, compounds to inhibit 
dipeptidyl peptidase-IV, a proteolytic enzyme that degrades GLP-1, are being investi- 
gated (110). These and other agents are discussed in more detail in Chapter 29. 

CONCLUSIONS 

Type 2 diabetes is a common chronic illness often associated with obesity and results 
from dual defects in ~-cell secretion and peripheral insulin resistance. Improvement in 
glycemic control reduces the risk for the development and progression of microvascular 
and macrovascular complications. Hence, the goal of treatment should be to achieve 
and maintain near-normal glycemic control without increasing the risk of hypo- 
glycemia. Medical nutrition therapy and exercise form the cornerstone of a comprehen- 
sive management program, but the vast majority of patients usually require 
pharmacological therapy to achieve and maintain an HbAlc of <7%. Oral antihyper- 
glycemic agents and/or insulin should be initiated based on the HbAlc, severity of 
symptoms, and other patient-specific considerations. For the obese patient with dia- 
betes, insulin sensitizers are effective medications, and combination therapy with 
insulin secretagogues and sensitizers should be considered in patients with suboptimal 
control. Insulin remains an important component of the therapeutic regimen for patients 
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not  achieving  target g lucose  goals  whi le  taking oral  agents  or  for  those present ing  with 
severe  h y p e r g l y c e m i a  and s y m p t o m s  o f  d iabetes .  N e w e r  insul in  ana logs  wi th  m o r e  

phys io log ica l  pha rmacok ine t i c  profi les  are now avai lable for  cl inical  use. A d o p t i n g  a 

more  aggress ive  approach  to the t rea tment  o f  diabetes gu ided  by  A D A  and A C E  recom-  

menda t ions  will  increase the l ikel ihood o f  ach iev ing  target g lycemic  goals  and reduce  
the risk o f  developing  diabetes-re la ted compl ica t ions .  
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I N T R O D U C T I O N  

Obesity has increasingly been recognized as an epidemic in the United States. The 
incidence of obesity has risen such that the most recent National Health and Nutrition 
Examination Survey (NHANES 1999-2000) demonstrates that two-thirds of Americans 
are classified as overweight or obese (1). A person's adiposity is typically described in 
terms of body mass index (BMI), defined as a person's weight (kg) divided by body 
surface area (m2), at which obesity starts at a BMI of 30 kg/m 2. This rise in obesity is 
closely associated with increases in numerous related diseases such as type 2 diabetes 
mellitus, coronary artery disease, hypertension, dyslipidemia, asthma, obstructive sleep 
apnea, gastroesophageal reflux, stroke, certain types of cancer, degenerative joint disease, 
and depression (2,3). Obese individuals may suffer from diminished life expectancy, 
depending on the age of onset of obesity (2-5 yr for those who are moderately obese 
and 5-20 yr for those with severe obesity) (4). This increased mortality contributes to 
approx 280,000 deaths annually in the United States alone (5). The economic cost of 
combating obesity and associated comorbidities is estimated to exceed $100 billion 
annually in the United States (6). 

SURGICAL THERAPY FOR M O R B I D  OBESITY 

Numerous lines of evidence confirm that weight loss reduces risk factors for obesity- 
induced comorbid diseases (7). In response to the relatively poor weight loss attained by 
current nonoperative therapy (diet, exercise, behavior modification, pharmacotherapy), 
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Table 1 
Criteria for Surgical Management of Morbid Obesity 

Class II (BMI = 35-40 kg/m 2) obesity with significant comorbidities or Class III (BMI > 40 kg/m 2) 
obesity 

Age 16-65 yr 
Acceptable risk for surgery 
Previous unsuccessful attempts at long-term weight loss by nonsurgical therapy 
Realistic expectations of weight loss outcomes 
A well-informed and motivated patient 
Long-term commitment to lifestyle changes and follow-up 
Supportive social environment 
No active alcohol or substance abuse 
Absence of psychosis and severe depression 

surgical procedures have been developed to induce significant and durable weight loss. 
Despite the inherent perioperative risks, bariatric surgery has clearly demonstrated its 
superior weight loss capacity and resultant improvements in comorbidities. The goal of 
surgical therapy is to decrease the morbidity and mortality associated with severe obe- 
sity through sustained weight loss and improved metabolic and organ function. Various 
surgical techniques and management protocols by multiple centers led to the some- 
times confusing practice of bariatric surgery. In 1991, the National Institutes of Health 
convened and established guidelines for the surgical management of severely obese 
individuals (3). The resultant consensus statement established the criteria by which 
obese patients are selected and managed for surgical therapy (Table 1). To be eligible 
for surgical therapy, an obese patient must have a BMI >40 (or a BMI >35 with signif- 
icant obesity-related comorbidities) along with acceptable surgical risk. Gradual accept- 
ance of bariatric procedures by physicians and patients has led to dramatic growth in 
this field. In 2003, more than 100,000 bariatric procedures were performed (8). 

Surgical therapies for severe obesity are mechanistically either restrictive or malab- 
sorptive in nature. The malabsorptive procedures are designed to bypass long segments 
of the small intestine, thereby reducing the intestinal absorptive surface area and result- 
ing in less effective caloric uptake. Restrictive procedures are designed to reduce the 
capacity of the stomach by creating a small neostomach, thereby reducing the volume 
of food that a patient may be able to ingest. The combination of advances in technology 
and accumulated clinical experience has led to a better understanding of the surgical 
mechanisms as well as improved patient care and outcome. Whereas some techniques 
have evolved, others have become obsolete. An ideal bariatric operation would produce 
effective and durable weight loss with minimal morbidity and mortality to the patients. 

MALABSORPTIVE PROCEDURES 

Jejunoileal Bypass 
Among malabsorptive procedures, jejunoileal bypass (JIB) was the first operation 

described (Fig. 1A). The JIB was created by dividing the proximal jejunum distal to 
the ligament of Treitz, then creating an anastomosis to the ileum 10 cm from the 
ileocecal valve (9). Owing to the functional "short-gut syndrome" created by the 
procedure, only a fraction of the ingested nutrients was digested and absorbed in JIB, 
thus making it a purely malabsorptive procedure. Although effective in reducing 
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Fig. 1. Malabsorptive procedures: (A) JIB; (B) BPD; (C) BPD with DS. 

absorptive capacity and thereby resulting in weight loss, late complications ulti- 
mately led to the need to reverse the procedure in 20-50% of patients and to abandon 
this procedure completely (10). Bacterial overgrowth in the stagnant blind intestinal 
loop leading to translocation of the antigenic materials into the portal circulation is 
thought to contribute to the major complications of this procedure. Patients often 
developed nephrolithiasis, dental caries, renal failure, bypass enteritis, cirrhosis, 
hepatic failure, arthritis, and severe metabolic deficiencies (11-15). For survivors 
of JIB, lifelong medical surveillance is necessary in order to monitor closely for 
complications. 

Biliopancreatic Diversion and Duodenal Switch 
Biliopancreatic diversion (BPD) and duodenal switch (DS) operations were designed 

to avoid the complications associated with the blind loop of the JIB while still main- 
taining the capacity to reduce absorption of nutrients. Thus, the blind intestinal seg- 
ment was eliminated while the functional small bowel length was kept short in these 
procedures, to maintain nutrient and caloric malabsorption. Both operations offer a 
small degree of food volume restriction via either a distal gastrectomy (BPD) or sleeve 
gastrectomy (DS) (16) (Fig. 1B,C) (17). Passage of ingested food (via alimentary limb) 
is diverted from contact with digestive enzymes and bile (via biliopancreatic limb) until 
both reach the common intestinal channel for proper digestion and absorption. Both 
BPD and DS rely on a short common channel to limit absorption of nutrients. As a 
result, excess weight loss of 70-80% has been documented (18,19). Conventionally, post- 
operative weight loss is described in terms of excess weight loss, defined as a person's 
actual weight loss vs the amount of weight loss required to reach ideal body weight. 
Although BPD and DS represent improvements over the JIB by eliminating the blind 
intestinal loop, late nutritional complications may still occur. Diarrhea, hepatic failure, 
and metabolic derangements such as metabolic bone disease, protein malnutrition, iron 
deficiency anemia, and various vitamin deficiencies may occur (20). In light of poten- 
tial metabolic complications as well as a paucity of data comparing malabsorptive pro- 
cedures to restrictive operations, the BPD and DS remain relatively uncommon bariatric 
operations in the United States except in a few centers (21). 
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Fig. 2. Restrictive procedures: (A) VBG; (B) LAGB; (C) Roux-en-Y gastric bypass. 

RESTRICTIVE PROCEDURES 

Vertical Banded Gastroplasty 
Vertical banded gastroplasty (VBG) evolved from earlier attempts to induce weight 

loss by gastric partitioning (22,23). The procedure employs a vertical staple line to create 
a small gastric pouch and is often referred to as a "stomach-stapling" operation. The 
pouch outlet is then reinforced with a circumferential band of polypropylene mesh to 
ensure that the stoma does not dilate (Fig. 2A). It is purely restrictive in that it limits solid 
food intake by reducing the stomach's reservoir capacity, leaving the absorptive function 
of the small intestine unaltered. The small pouch gets filled quickly with solid food and 
limits the meal size. Weight loss occurs primarily owing to decreased solid food intake. 

Early enthusiasm for VBG has gradually abated in light of a relatively high inci- 
dence of complications such as staple line dehiscence, stomal stenosis, weight regain, 
persistent vomiting, and need for revision (24-27). Additionally, the weight loss fol- 
lowing VBG has been shown to be inferior to that of gastric bypass in randomized 
prospective comparison. Sugerman et al. (28) reported excess weight loss at 1 yr fol- 
lowing VBG to be 42%, vs 66% after gastric bypass. Furthermore, patients with a 
propensity to eat sweets (i.e., milkshakes, ice cream) tend to lose even less weight fol- 
lowing VBG (29). Because of the lack of sustained weight loss and high complication 
rates, VBG is no longer considered to be a first-line surgical option (21). 

Laparoscopic Adjustable Gastric Band 

Laparoscopic adjustable gastric band (LAGB) represents another purely restrictive 
procedure. A band consisting of a silicon elastomer is placed circumferentially around 
the upper portion of the stomach in order to create a small gastric pouch (Fig. 2B). 
Because of the absence of the staple lines seen in VBG, many of the complications 
associated with the staple lines, such as staple line dehiscence, are avoided. An attached 
injection port is placed within a subcutaneous pocket, allowing adjustment of the inner 
diameter of the band by instilling or removing saline. This feature differentiates the 
LAGB from the VBG in that the aperture of the band may be adjusted, thus resulting in 
an increased degree of restriction and control. Furthermore, relative simplicity in place- 
ment, very low operative mortality (0-0.53%), and avoidance of gastric division or staple 
line make the LAGB an attractive surgical option (30-32). 
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Despite Food and Drug Administration approval in 2001, the early experience with 
LAGB in the United States was disappointing in terms of complications and weight 
loss (33). However, reports from international series as well as subsequent American 
experiences have demonstrated improved outcomes. One of the more common compli- 
cations following LAGB is prolapse of the gastric wall through the band with resultant 
acute stomal obstruction and vomiting (2-14.2%) (34-37). Other complications includ- 
ing device erosion through the gastric wall (0-2.8%) and device malfunction 
(0.4-11%); these complications generally require surgical revision (1-13.5%) 
(30,35,38). Weight loss following LAGB tends to be slower than that following malab- 
sorptive procedures or gastric bypass. Although more long-term follow-up data are nec- 
essary, the LAGB does appear to provide durable weight loss. Reports of excess weight 
loss at 12 mo (34.5-58%), 24 mo (36-87%), 36 mo (36.2-64%), 60 mo (46.7-54%), 
and 72 mo (30.4-62.6%) do support sustained weight loss following LAGB (38-44). 
With the help of these encouraging data, LAGB continues to gain acceptance as a first- 
line procedure in the treatment of morbid obesity. It has largely replaced VBG as the 
main purely restrictive procedure. 

GASTRIC BYPASS 

Gastric bypass has undergone numerous technical changes since its first description as 
a weight loss procedure in 1969 (45). Its development was based on the observation that 
patients who underwent partial gastrectomy for cancer and ulcer disease experienced sig- 
nificant long-term weight loss. Many of the subsequent modifications were aimed at 
improving postoperative weight loss and decreasing surgical complications. More recent 
advancement comes from application of laparoscopic techniques to gastric bypasss (46). 
Currently, the operation entails construction of a small gastric pouch and a narrow stoma, 
and a Roux-en-Y rearrangement of the small intestine (Fig. 2C). Through division of the 
upper stomach, a very small gastric pouch (-30 cc) is created in order to restrict the vol- 
ume of ingested food. This food-restriction mechanism is further enhanced by construction 
of a relatively tight outlet (gastrojejunostomy) to limit rapid emptying of the pouch's con- 
tent into the rest of the gastrointestinal (GI) tract. The fundus of the stomach, which tends 
to dilate, is excluded to avoid excessive stretching of the pouch. Digestion and absorption 
of nutrients mostly occur in the common small bowel channel where alimentary Roux 
limb is joined by biliopancreatic limb (jejunojejunostomy). While gastric bypass is consid- 
ered primarily a restrictive operation, additional mechanisms are also in play to induce 
weight loss. A direct passage of high-calorie food into the jejunum (Roux limb) is associ- 
ated with dumping syndrome, characterized by nausea, light-headedness, palpitations, 
diaphoresis, and abdominal pain and/or diarrhea. Such unpleasant symptoms following 
ingestion of sweets provide negative conditioning against a diet high in sugar. More 
recently, the appetite-increasing hormone ghrelin was shown to be decreased and peptide 
YY increased (unpublished observations) in post-gastric bypass patients, offering addi- 
tional clues to appetite reduction and excellent weight loss observed in these patients (47). 

Complications following gastric bypass such as GI leak, internal hernia, anastomotic 
stricture, and thromboembolic events are relatively infrequent (48). Perioperative mor- 
tality may range from 0 to 2%, depending on the operative setting and surgeon's experi- 
ence (49-53). Weight loss following gastric bypass has been shown to be reliable and 
durable (54). Early weight loss is typically rapid, and the maximum weight loss is usu- 
ally reached in 1 to 2 yr. Excess weight loss 12 mo following gastric bypass has been 
described as ranging from 68 to 80% (51,55-57). It is currently the most commonly 



492 Schneider and Mun 

performed bariatric procedure in the United States. The laparoscopic approach to gastric 
bypass is becoming more popular because of faster postoperative recovery, fewer wound 
infection and hernia complications, better cosmesis, and decreased incisional pain (56). 

OUTCOMES 

For most patients, any of the current bariatric procedures may offer effective weight 
loss. While malabsorptive procedures may yield greater excess weight loss, restrictive 
procedures may result in fewer nutritional and metabolic complications and carry lower 
perioperative mortality. A recent meta-analysis of 136 studies on bariatric surgery found 
a progressive decrease in mortality from malabsorptive operations (1.1%) to gastric 
bypass (0.5%) to purely restrictive procedures (0.1%) (58). By contrast, better weight 
loss is observed with purely restrictive operations, then decreases with gastric bypass to 
malabsorptive operations. In addition to weight loss benefit, patients enjoy improve- 
ment in or resolution of obesity-related comorbidies. Bariatric surgery has been clearly 
and repeatedly shown to reverse diabetes, hypertension, sleep apnea, and hyperlipi- 
demia (58). Following LAGB, the majority of patients with type 2 diabetes may expect 
remission of diabetes (64%) and improved glucose control (26%) (36,59,60). In con- 
trast to purely restrictive procedures, glycemic changes following gastric bypass may 
be even more profound, with many patients exhibiting resolution of diabetes well before 
maximum weight loss (54). Although poorly understood at present, exclusion of the 
foregut (stomach and duodenum) from the food stream appears to influence the intes- 
tinal and hepatic hormonal milieu in a manner resulting in greater insulin sensitivity. 
Although almost all patients undergoing Roux-en-Y gastric bypass expect improve- 
ments in type 2 diabetes, complete resolution is more likely in those who achieve weight 
loss early in the course of their diabetes (54,61~53). 

Weight loss has long been the standard recommendation for morbidly obese patients, 
particularly those who experiernce associated comorbidity (7). Given that current med- 
ical therapy is generally not effective in treating patients who reach morbid obesity, 
surgery offers a rational treatment option based on evidence from extensive studies. 
Bariatric procedures that are currently in use have been shown to achieve excellent 
weight loss unparalleled by any combinations of nonsurgical weight loss therapies. 
Surgically induced weight loss not only is durable but also results in improvements in 
and reversal of most of the medical conditions stemming from the underlying obesity, 
thereby improving quality of life. Various technological innovations and modifications 
of the techniques have made bariatric procedures more effective and safer. Although 
the current focus of the bariatric surgery field correctly targets reduction of surgical 
morbidity and improvement in patient safety, ongoing efforts must be made to better 
understand the pathophysiology of obesity and the physiological changes effected by 
bariatric surgery. 
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I N T R O D U C T I O N  

Obesity is a chronic and highly prevalent medical condition associated with increased 
risk of developing numerous comorbidities such as hypertension, type 2 diabetes, 
stroke, and heart disease. The etiology of obesity is multifactorial and the condition 
remains difficult to treat. In the United States, a nation of 60 million obese adults (1), 
there are only a few antiobesity medications available or approved for the treatment of 
obesity. In addition, the short-term effect of these medications is modest and their long- 
term efficacy is doubtful, because rebound weight gain is common; therefore, the efforts 
of researchers and the pharmaceutical industry are currently focused on developing 
new potent antiobesity medications. 

Pharmacotherapy should be considered for obese (body mass index [BMI] > 30 kg/m 2) 
or overweight individuals (BMI > 27 kg/m 2) with comorbidities. In addition to medica- 
tions approved for short-term treatment (such as the noradrenergic agent phentermine), 
only two medications (the norepinephrine, dopamine, and serotonin reuptake inhibitor 
sibutramine and the lipase inhibitor orlistat) are currently approved for long-term treat- 
ment of obesity (2). Moreover, an antidiabetic medication, metformin, results in approx 
2 kg of weight loss over 2.8 yr (3) and can thus be considered an adjunctive antiobesity 
treatment. Since recent meta-analyses of published trials indicate that the effect of 
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available medications is only modest (on average 2.9 and 4.6% greater than placebo reduc- 
tion in body weight after 1 yr of follow-up with orlistat and sibutramine, respectively) (4), 
more effective medications are clearly needed. Thus, more than 100 molecules, mainly 
developed on the basis of recent discoveries in the physiology of energy homeostasis, are 
currently being tested in preclinical studies and clinical trials. 

POTENTIAL TREATMENT OR TARGETS FOR PHARMACEUTICAL 
DEVELOPMENT 

Current antiobesity agents and investigational antiobesity agents can be classified in 
the following main categories: 

1. Agents acting on central nervous system (CNS) pathways including leptin and ciliary 
neurotrophic factor ([CNTF]; Axokine). 

2. CNS agents that affect neurotransmitters or neural ion channels, including antidepres- 
sants, antiepileptic drugs, and cannabinoid-1 receptor antagonists. 

3. Gastrointestinal (GI)-neural pathway agents, including those that increase cholecys- 
tokinin (CCK) or glucagon-like peptide- 1 activity. 

4. Agents that may increase resting metabolic rate. 
5. Other diverse agents (5). 

Agents Acting on CNS Pathways 
LEPTIN 

Leptin, the product of the ob gene, a molecule produced almost exclusively by white 
adipose tissue, triggers anorexigenic circuits and is currently under investigation in 
phase III clinical trials in leptin-deficient humans. Treatment of children who are mor- 
bidly obese owing to congenital leptin deficiency (n = 13 to date; not all cases have 
been published) with daily sc injections of recombinant methionyl human leptin for up 
to 4 yr decreases appetite, fat mass, hyperinsulinemia, and hyperlipidemia; results in a 
rapid and sustained increase in thyroid hormone levels; and facilitates appropriately 
timed pubertal development (6). Similarly, leptin treatment (0.03-0.04 mg/[kg.d]) of 
leptin-deficient patients with lipodystrophy for 4 mo improves glycemic control and 
decreases triglyceride levels, liver volume, and liver function tests (7). However, in 
garden-variety obesity, which is a leptin-resistant state, phase II, randomized, double- 
blinded, placebo-controlled studies involving administration of recombinant leptin (0.1 
and 0.3 mg/kg) have demonstrated a statistically significant, but modest in magnitude, 
weight loss (5.4-8.5 kg after 24 wk), mainly owing to fat loss (8). Thus, elucidation of 
the mechanism responsible for the development of leptin resistance in these patients 
may lead to the development of "leptin sensitizers," including inhibitors of suppressor 
of cytokine signaling protein-3, a leptin-induced molecule, which impairs leptin signal- 
ing transduction through the Janus kinase/signal transducer and activator of transcrip- 
tion (JAK-STAT) pathway (9). Moreover, whether administration of recombinant leptin 
to obese patients with relative leptin deficiency owing to heterogeneity of the leptin 
gene could be useful in the treatment of their obesity remains to be proven. Recent 
interventional studies in lean fasting humans have demonstrated that food deprivation- 
induced changes in several neuroendocrine axes can be reversed or blunted with the admin- 
istration of leptin in replacement doses (0.025-0.1 mg/[kg.d]) (10), raising the intriguing 
possibility that low-dose recombinant leptin replacement treatment may be useful as an 
adjunctive therapy for the maintenance of weight loss. Similarly, administration of leptin 
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in replacement doses to women with exercise-induced hypothalamic amenorrhea nor- 
malizes their neuroendocrine axes, reproductive function, and bone metabolism, indi- 
cating that leptin may prove to be an effective treatment not only in this syndrome, but 
also possibly in anorexia nervosa (11). 

CILIARY NEUROTROPHIC FACTOR 

CNTF is a 22-kDa protein and an endogenous neuroprotective factor present in the 
Schwann cells and astrocytes, but not in the peripheral circulation. CNTF is upregu- 
lated during injury to these cells (12). The weight-reducing properties of this neuronal 
growth factor were originally discovered in the context of late-phase clinical trials for 
amyotrophic lateral sclerosis (ALS), in which CNTF did not affect the course of the 
disease, but, instead, induced marked weight loss in ALS patients who were not obese 
at the onset of the trial (13). Although the exact molecular mechanism underlying 
CNTF's effects is not fully understood, similar to leptin, the anorectic effect is mediated 
by suppression of neuropeptide Y (NPY) production in the hypothalamus (14). CNTF 
binds to the CNTF receptors and activates leptin-like intracellular signaling pathways 
of JAK-STAT and mitogen-activated protein kinase in hypothalamic nuclei, which reg- 
ulate food intake and body weight. In animal models of obesity, CNTF has been proven 
to overcome the leptin resistance (14-16). 

Axokine, a second-generation recombinant human variant of CNTF that has improved 
activity and stability, was tested in a recent double-blind, randomized, parallel-group, 
multicenter study in which 173 obese patients received CNTF (0.3, 1.0, and 2.0 ~tg/kg) 
or placebo for 12 wk. Administration of CNTF resulted in significant weight loss (-1.5, 
-4.1, and -3.4 kg, respectively) with no major adverse effects except for injection site 
reaction and nausea at the highest doses (17). Although the magnitude of the weight 
loss observed is not greater than that produced by currently available medications, 30% 
of participants who did not develop neutralizing antibodies lost 5-7 kg. Interestingly, 
similar to mice (18), CNTF's effect appears to persist beyond discontinuation of the 
medication. 

These preliminary findings required confirmation in large prospective clinical trials 
(17). Thus, a phase III trial for Axokine began in 2001, and approx 2000 patients were 
enrolled. After 1 yr of treatment, the placebo-controlled study of 1467 Axokine-treated 
subjects and 501 placebo-treated subjects demonstrated that obese subjects treated with 
Axokine lost more weight than those who received placebo (25.1 vs 17.6%) and expe- 
rienced a greater average weight loss than those receiving placebo (6.2 vs 2.6 lb). 
Although the phase III study met its primary end points and many individuals achieved 
a medically meaningful weight loss, the average weight loss was limited by the develop- 
ment of antibodies, beginning after about 3 mo of Axokine treatment in almost two-thirds 
of subjects (19). Thus, the future for Axokine as a potential antiobesity medication 
remains unknown. 

NPY, AGOUTI-RELATED PROTEIN, AND MELANIN-CONCENTRATING HORMONE 
RECEPTOR ANTAGONISTS 

NPY is the most potent orexigenic agent known in humans, exerting its physiological 
effects through a series of NPY receptor subtypes (Y1, Y2, Y~, Ys, and Y6) that are mem- 
bers of the G protein-coupled receptor (GPCR) family. NPY Y1 and NPY Y5 are the 
receptor subtypes that are most likely responsible for centrally mediated NPY-induced 
feeding responses, and NPY Y5 receptor antagonists have been shown to be effective in 
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reducing food intake in various animal models of feeding (20). For this reason, it is 
thought that NPY receptor-specific ligands may have value in several therapeutic areas 
including the treatment of obesity (21). New hydrazide derivatives were described as 
antagonist compounds of the NPY Y5 receptor, characterized by their selectivity on the 
Y5 receptor owing to their nonaffinity for the receptor subtype Y1 (22,23). Their poten- 
tial use in human obesity remains to be proved. In addition, agouti-related protein 
receptor antagonists and melanin-concentrating hormone receptor antagonists are in 
various stages of development, but because these neuropeptides have pleiotropic effects, 
altering their hypothalamic levels or activity to produce weight loss may prove to be a 
challenge. 

MELANOCORTIN RECEPTOR AGONISTS 

Converging lines of evidence, including genetic, physiological, and pharmacological 
data obtained in rodents and humans, support a role for melanocortin receptor 3 
(MC3R) and melanocortin receptor 4 (MC4R) in the regulation of energy homeostasis 
(see Chapter 5). The possible therapeutic role of melanocortin receptor agonists and 
antagonists in the treatment of obesity and eating disorders, respectively, is an active 
area of clinical research (24). Intranasal treatment with an MC4R agonist, o~- 
melanocyte-stimulating hormone/ACTH4_10, reduced body weight in lean subjects by 
0.79 kg over 6 wk (25), but did not alter body weight in two obese persons with proo- 
piomelanocortin deficiency (26). Thus, the results of larger, randomized trials of MC4R 
agonists are greatly anticipated. MC3R agonists may also result in some weight loss, 
but most importantly, improve metabolism through a more beneficial partitioning of 
nutrients, and dual MC4R/MC3R agonists may reduce body weight and improve meta- 
bolic comorbidities. 

CNS Agents That Affect Neurotransmitters or Neural Ion Channels 
ANTIDEPRESSANTS 

Obesity is known to be associated with psychopathology, with depression and anxiety 
the most commonly reported, especially in binge-eating individuals (27). A recent study 
concluded that, in general, obese people are at increased risk of depression (28). Thus, 
the use of antidepressants could be justifed in many cases. Drugs that are currently 
being used for the treatment of mood disorders and are associated with weight loss and, 
therefore, are possible candidates for the treatment of obesity, include (1) selective sero- 
tonin reuptake inhibitors (SSRIs) such as fluoxetine, sertraline, fluvoxamine, and citalo- 
pram; (2) the serotonin-noradrenaline reuptake inhibitor venlafaxine; and (3) the 
noradrenaline and dopamine reuptake inhibitor bupropion. Centrally acting antiobesity 
drugs, such as D-fenfluramine and sibutramine, act in part by increasing dopamine, nor- 
epinephrine, or serotonin receptor signaling to decrease food intake (29). Although 
future serotonin agonists could have a significant therapeutic potential, this class of 
medications is being approached with extreme caution owing to the cardiopulmonary 
toxicity associated with the previously approved 5-hydroxytryptamine-releasing agent 
o-fenfiuramine (30). 

Selective Serotonin Reuptake Inhibitors. The mechanism underlying the effect of 
SSRIs on weight is most likely by increasing the synaptic level of the serotonin and by 
indirectly activating serotonin receptors implicated in appetite regulation. Other proposed 
mechanisms are inhibition of NPY release and activation of the appetite suppressant path- 
way via the corticotropin-releasing factor. Fluoxetine (Sarafem ® or Prozac®: 10, 20, and 
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40 mg and a weekly formula capsule of 90 mg containing enteric-coated granules) is 
the best studied SSRI in obesity. Short-term studies with fluoxetin in obesity reported a 
weight loss rate significantly higher than in the placebo group, but long-term trials of 
fluoxetine in obesity have raised doubts about the long-term efficiency of this drug in 
obese subjects without an underlying psychiatric condition. In a 52-wk, multicenter 
placebo-controlled trial of fluoxetine (60 mg) including 458 nondepressed obese 
patients without depression, the difference in weight loss between the groups was sig- 
nificant at wk 20, but not at wk 52 (31). The same investigators, however, reported a 
significant weight loss in patients with bulimia nervosa in a long-term study (32). In 
conclusion, specific subgroups of obese patients may benefit form fluoxetine treatment 
(fluoxetine is approved by the Food and Drug Administration [FDA] for the treatment 
of bulimia nervosa) (33). Sertraline (Zoloft®: 200 mg), fluvoxamine (Luvox®: 25, 50, 
100 mg) and citalopram (Celexa®: 40-60 mg) in the field of obesity were evaluated 
only in small clinical trials. Sertraline reduced weight significantly compared with 
placebo, but the long-term effectiveness remains doubtful, because it failed to prevent 
the rebound weight gain and/or to maintain the weight loss after its discontinuation 
(34). The weight loss with fluvoxamine or citalopram in separate 12-wk studies tended 
to be greater in the treatment group than in the placebo group, but was not significantly 
different (35,36). By contrast, all the aforementioned drugs were effective in reducing 
binge-eating frequency and BMI in patients with binge-eating disorders (33,37-39). 

Serotonin-Noradrenaline Reuptake Inhibitors. Venlafaxine (Effexor®: 25, 37.5, 
50 mg; Effexor XL®: 150 mg) acts via the same mechanism as sibutramine, i.e., by 
inhibiting the reuptake of serotonin and norepinephrine. Its potential as a weight loss 
agent was evaluated only in a small case series of 35 obese patients who were binge 
eaters. The drug was effective in reducing the frequency of binge eating and decreased 
body weight (40), but further studies are needed to elucidate fully its role in the thera- 
peutic armamentafium. 

Noradrenaline and Dopamine Reuptake Inhibitors. Bupropion (Wellbutrin ® or 
Zyban®: 100, 150, 200 mg), a drug that is currently approved for treatment of depres- 
sion and smoking cessation, acts by blocking the reuptake of noradrenaline and 
dopamine, but without affecting serotonin reuptake. It has recently been shown to pro- 
duce a 6.2% weight loss, compared with 1.6% in the placebo group, in a short-term 
trial (8-12 wk) in overweight subjects (41). In a long-term (24-48 wk) randomized, 
controlled trial (300-400 mg of bupropion vs placebo) in 327 obese patients, bupropion 
was associated with a significant reduction in weight in a dose-dependent manner and 
also resulted in maintenance of the weight loss at wk 48 (42). 

ANTIEPILEPTIC DRUGS 

Among the new antiseizure agents, zonisamide and topiramate, which have been 
associated with weight loss, are now being tested as promising drugs for the treatment 
of obesity. 

Zonisamide (Zonegran®: 100 mg). Zonisamide, which is, FDA approved for adults 
with epilepsy, was initially found to be associated with weight loss in patients with 
epilepsy, with weight loss an adverse effect, in clinical trials of seizure treatment (43). 
Therefore, its weight loss effect was subsequently tested in obese subjects (see discus- 
sion on clinical trials). The primary mechanism of action appears to be on sodium and 
calcium channels, by blocking repetitive-firing voltage-sensitive Na channels, and 
reducing voltage-dependent T-type Ca 2+ currents, consequently stabilizing neuronal 
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membranes and suppressing neuronal hypersynchronization. Because of its chemical 
structure (similar to that of acetazolamide), it also has a weak inhibiting effect on the 
enzyme carbonic anhydrase. Its dual mechanism of action makes it a drug for epilepsy 
that is resistant to other antiepileptic drugs. In vivo, however, zonisamide has also been 
shown to have serotoninergic and dopaminergic properties, and these effects on the 
brain may explain, at least in part, its weight loss properties (33). Its pharmacokinetic 
profile is favorable for clinical use: the drug is rapidly absorbed, food has no effect on 
bioavailability, it is not bound to plasma proteins, it has a long half-life (63-69 h in 
healthy volunteers), it does not induce its own metabolism, nor does it induce liver 
enzymes. It is excreted primarily in urine as the parent drug and as a glucuronide metabo- 
lite; zonisamide renal clearance decreases with decreased renal function (44). 
Contraindications are hypersensitivity to sulfonamides or zonisamide, and adverse 
effects at the usual antiepileptic dosage include cognitive CNS-related adverse effects 
(fatigue, somnolence), psychiatric symptoms such as depression and psychosis (2.2%), 
psychomotor slowing (difficulties with concentration and speech or language prob- 
lems, difficulties in word finding), and kidney stones (4%). Precautions should be taken 
in patients with hepatic and renal diseases. 

Regarding clinical trials in obesity, in a 16-wk long randomized, double-blind, 
placebo-controlled phase II trial of 60 obese subjects on a hypocaloric diet (500 kcal/d 
less than a weight maintaining diet), it was found that administration of zonisamide 
(100-600 mg/d) resulted in at least 5% weight loss compared with 1% with placebo, 
and a single-blind extension of the same trial for another 16 wk resulted in even more 
weight loss (9.4 vs 1.8%) (45). In addition, zonisamide (100-600 rag/d) in the treat- 
ment of obese subjects with binge-eating disorder reduced binge-eating frequency and 
body weight. Fifteen outpatients with binge-eating disorder as defined in Diagnostic 
and Statistical Manual of Mental Disorders, 4th ed. were enrolled for a 12 wk, open- 
label prospective study (but only eight completed the study). Although the drug was 
well tolerated, one patient developed a serious renal event, nephrolithiasis with 
pyelonephritis (46). Furthermore, zonisamide (Zonegran: 100-600 mg/d) in conjunc- 
tion with a reduced-calorie diet (deficit of 500 kcal/d) resulted in a mean weight loss of 
9.2 kg compared with diet alone (the placebo group lost 1.5 kg) in a randomized 
placebo-controlled study (92% obese women, only five men enrolled) for 32 wk. This 
regimen was well tolerated. This study also measured the improvement in quality of 
life, by the Impact of Weight on Quality of Life (IWQOL) questionnaire, and con- 
cluded that health, work, mobility, and activities of daily living were all significantly 
improved in the zonisamide group at both 16 and 32 wk. Ten patients in the zonisamide 
group reported fatigue vs one patient in the placebo group. Otherwise, no adverse effects 
were reported differentially between the groups (47). In conclusion, zonisamide is a prom- 
ising drug for weight reduction, but further larger trials will be needed to determine the 
overall safety, efficacy, and cost-effectiveness of this compound. 

Topiramate (Topamax®: 25-, 50-, 100-, and 200-mg Tablets and 15- and 25-mg 
Sprinkle Capsules). Another antiepileptic drug, approved for use as an adjunctive 
therapy for the treatment of partial onset seizures in adults (48), topiramate has also 
been shown to decrease appetite and body weight in patients with epilepsy (49,50) and 
to improve metabolic parameters associated with weight loss in patients with bipolar 
disorder (51,52). Its antiseizure effect is probably mainly exerted through blocking 
voltage-dependent sodium channels and augmenting the activity of the neurotransmit- 
ter 7-aminobutyrate (~,-aminobutyric acid [GABA]) at some subtypes of the GABA-A 
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receptor. The drug also antagonizes the kainate subtype of the glutamate receptor and 
inhibits the carbonic anhydrase enzyme, particularly isozymes II and IV. These latter 
effects have been proposed as possible mechanisms involved in weight reduction and 
reduced appetite (53). In addition, topiramate proved to have insulin-sensitizing proper- 
ties and a favorable effect on plasma glucose levels. Recent experiments utilizing eug- 
lycemic hyperinsulinemic clamp studies in treated and untreated insulin-resistant 
Zucker Diabetic Fatty (ZDF) rats as well as lean insulin-sensitive animals revealed 
increased in vivo insulin sensitivity in treated ZDF rats. A 3040% increase in the glu- 
cose infusion rate, a 40% increase in the ability of insulin to suppress hepatic glucose 
output, and increased free fatty acid (FFAs) suppression from 40 to 75% were observed 
in treated animals. In adipose tissue, topiramate enhances insulin suppression of lipol- 
ysis. Ex vivo, a marked increase in insulin-stimulated glucose transport was observed 
in isolated adipocytes but not in isolated soleus muscle. In conclusion, it appears that 
treatment with topiramate leads to insulin sensitization, an effect that is exerted pre- 
dominantly through adipose tissue. The mechanism by which topiramate exerts insulin- 
sensitizing effects is independent of peroxisome proliferator-activated receptor y 
(PPART): studies on direct PPARy binding and transactivation assays revealed no activ- 
ity of the compound on the PPARy receptor (54). 

Regarding pharmacokinetic profile, topiramate has a relative bioavailability of 80%, 
which is not affected by food, and a peak of plasma concentrations occurring at approx 
2 h following a 400-mg oral dose. Topiramate is only 13-17% bound to human plasma 
proteins, and the mean plasma elimination half-life is 21 h after single or multiple 
doses. Topiramate is primarily eliminated unchanged in the urine. Side effects most 
commonly reported in an epileptic population were somnolence, dizziness, ataxia, psy- 
chomotor slowing, speech disorders, memory difficulties, paresthesia, and diplopia. 
Several serious effects need to be noted: metabolic acidosis can be caused by renal 
bicarbonate loss owing to the inhibitory effect of topiramate on carbonic anhydrase, 
and acute myopia syndrome with secondary glaucoma and occurrence of kidney stones 
(1.5 %) have been reported in patients receiving topiramate (55). 

A growing literature shows the effectiveness of topiramate in binge-eating disorders 
(33). A randomized, placebo-controlled trial of 61 obese patients with binge eating 
showed a mean weight reduction of 5.9 kg in the treatment group (on a median topira- 
mate dose of 212 mg/d; range: 50-600) vs 1.2 kg in the placebo group after wk 14. 
Topiramate was also associated with significantly greater reductions in binge frequency 
(topiramate: 94%; placebo: 46%) and a reduction in diastolic blood pressure (BP). The 
most common reasons for discontinuing topiramate in this trial were headache and 
paresthesias (56). In addition, a 6-too randomized, placebo-controlled, dose-ranging 
trial of 385 nondiabetic obese subjects without comorbid psychiatric conditions (57) 
divided into five treatment groups (placebo and topiramate at 64, 96, 192, or 384 rag/d) 
reported a mean weight loss in the groups of 2.6, 5.0, 4.8, 6.3, and 6.3% respectively. 
Twenty-one percent of patients taking topiramate withdrew because of adverse events 
that were dose related; most commonly reported were paresthesia (36-50%) and mem- 
ory difficulties (11-28%). A multicenter, double-blind, placebo-controlled study (1289 
subjects) investigating three doses of topiramate (96, 192, and 256 rag/d) was designed 
as a long-term study (up to 2 yr on the assigned dose). Weight loss was observed for up 
to 60 wk and subjects in the placebo group lost 1.7% of their baseline body weight, 
while subjects in the topiramate treatment groups (96, 192, and 256 mg/d) lost 7.0, 9.1, 
and 9.7%, respectively. Weight loss was accompanied by significant improvements in 
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BE glucose, and insulin (58). The study was terminated prematurely, however, owing 
to an increased frequency of side effects, the most frequent ones observed during 
the titration phase and related to the central or peripheral nervous system. Side 
effects included paresthesia, difficulty with concentration/attention, depression, dif- 
ficulty with memory, language problems, nervousness, and psychomotor slowing. 
The sponsor ended the study early in order to develop a new controlled-release for- 
mulation with the potential to enhance tolerability and simplify dosing in this patient 
population. 

ENDOCANNABINOIDS 

Clues to the possible normal roles of endocannabinoids first came from the docu- 
mentation of effects of marijuana (cannabis smokers often experience extreme hunger 
pangs, which cannabis smokers refer to as "the munchies") and marijuana-derived 
exogenous cannabinoids, which have a stimulating effect on eating (59). Experimental 
evidence has demonstrated that endocannabinoids (anandamide and 2-arahidonoyl glyc- 
erol), acting via the cannabinoid receptor type 1 (CB 1), regulate energy homeostasis 
through central orexigenic as well as peripheral lipogenic mechanisms (60). Rimonabant 
(originally SR141716, Acomplia: 5-20 mg, not yet approved in the United States), a 
specific CB 1 antagonsit and also a neurokin 3 antagonist, is a promising compound for 
the treatment of obesity and metabolic syndrome. In addition, rimonabant may prove to 
be useful for smoking cessation, because it reduces nicotine-seeking behavior induced 
by reexposure to nicotine-associated stimuli and prevents relapse to smoking in ex- 
smokers (61). Initial relatively small phase I-II studies using rimonabant in obese 
humans led to a dose-dependent weight loss of up to 4 kg over 16 wk with only minor 
GI side effects (1). Phase III trials involving more than 6000 obese subjects are now 
ongoing in both the United States and Europe. According to preliminary results of the 
Rimonabant in Obesity-North America, trial, the largest and the longest rimonabant 
study (3040 adult patients randomized to rimonabant or placebo for 2 yr), reported at 
the American Heart Association 2004 Scientific Session, daily treatment with 20 mg of 
rimonabant was associated with a significant reduction in weight (62.5% of subjects 
lost >5% of their body weight, and 33% >10% of body weight) and waist circumfer- 
ence and improvements in high-density lipoprotein cholesterol levels (increase by 
24.5% in the treatment group compared with 13.8% for the placebo group), triglyc- 
erides levels (decrease by 9.9% vs 1.6% for placebo) and insulin sensitivity. The drug 
was very well tolerated without major side effects (62). Researchers await the release 
of more safety data, including dropout rates and weight rebound after treatment, from 
the 2-yr trial, which is anticipated in 2005 (63). 

G1-Neural Pathway Agents 
GHRELIN 

Ghrelin, a peptide produced by the enterochromaffin cells in the mucosa of the stom- 
ach fundus, besides being a potent growth hormone (GH) secretagogue, is the only 
orexigenic gut-derived peptide. Systemic administration of ghrelin (0.2-25.6 pmol/ 
[kg.min]) for up to 270 rain to achieve two- to threefold higher levels than baseline 
resulted in increased GH, appetite scores (64), food intake (by almost 30% at a free- 
choice buffet meal), as well as glucose levels in uncontrolled, nonrandomized studies 
in lean subjects (65). Although initial animal studies on a ghrelin receptor antagonist 
demonstrate weight loss with preservation of lean body mass (66), results from ongoing 
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trials in humans have not yet been published. Finally, it has also been proposed that 
ghrelin antagonists may prove to be particularly effective in patients with Prader-Willi 
syndrome, who have significantly higher ghrelin concentrations than equally obese 
control subjects. This remains to be seen as well. 

l~vrmE YY 
Peptide YY (PYY) is another peptide secreted by the enterochromaffin cells of the 

small and large bowel. Although it has structural homology with NPY, in contrast to 
NPY, PYY inhibits food intake and decreases gastric motility. In double-blind, placebo- 
controlled, crossover interventional studies, PYY infusions (2 nmol/m 2) for 90 min 
resulted in significant appetite suppression with decreased hunger scores, a 30% decrease 
in short-term energy intake, and a significant decrease in the 24-h energy intake in both 
lean and obese subjects (67,68), indicating that replacement doses to normalize PYY 
levels in obese subjects may be adequate to suppress appetite and decrease energy intake. 
These findings make intranasal PYY, which is currently in phase I-II clinical trials, a 
potentially promising treatment for obesity, but needs to be evaluated further. 

GLUCAGON-LIKE PEPTIDE-1 AND DIPEPTIDYL PEPTIDASE IV INHIBITORS 

Glucagon-like peptide- 1 (GLP- 1) is another peptide secreted by the enterochromaffin 
cells in the small and large intestine in response to nutrients (primarily products of car- 
bohydrates and to a lesser degree by fat hydrolysis). GLP-1 circulates in the bloodstream 
as an ~mide (GLP-1 7-36) to augment meal-stimulated insulin secretion (an effect that 
is glucose dependent) and to inhibit glucagon release, gastric emptying, and food intake. 
It has also been reported to improve [3-cell function by increasing key gene expression 
involved in insulin secretion, to reduce [~-cell apoptosis, and to have an insulin-sensitizing 
effect. It is inactivated in plasma by dipeptidyl peptidase IV (DPP-IV), an enzyme that is 
widespread, but mainly distributed in the endothelium of capillaries. Over half of the 
secreted GLP-1 is inactivated by DPP-IV at its own production sites (69). GLP-1 exerts 
its effects via GLP-1 receptors, which are mainly present in the nucleus tractus solitarius 
in the brain stem and in the hypothalamic arcuate nucleus, but are also found in the 
periphery (pancreas, lung, kidney, heart, GI tract) (70). Intravenous GLP-1 infusions (50 
pmol/[kg.hr]) for 240 rain significantly increased satiety and sense of fullness and 
decreased short-term energy intake by 12% in an early phase, placebo-controlled, ran- 
domized, blinded, crossover study in healthy, normal-weight humans (71). Therefore, 
therapeutic strategies exploiting GLP-1 in the area of obesity and diabetes are currently 
focusing on two directions: (1) the development of potent analogs of GLP-1 (receptor 
agonists) and (2) the use of selective inhibitors of DPP-IV to prevent in vivo degradation 
and enhance levels of intact biologically active peptides (72). 

Enzyme-Resistant GLP-1 Analogs. Compounds similar to GLP-1 were first iso- 
lated from the lizard venom of Heloderma species, including H. horridum and H. sus- 
pectum, which are native to several American states. Lizard venom contains a number 
of highly bioactive peptides including the peptides exendin-3 and exendin-4. These 
peptides were named exendin because they were isolated from an exocrine gland and 
were subsequently shown to have endocrine actions (73). Oxyntomodulin, a 37 amino 
acid peptide that contains the 29 amino acid sequence of glucagon followed by an 8 
amino acid carboxy-terminal extension, also known as exendin-9, is another molecule 
that may act by activating the GLP- 1 receptor. A single infusion of oxyntomodulin sup- 
presses appetite and reduces food intake in humans over a 12-h period (74). Exendin-4, 
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a 39 amino acid peptide, initially isolated from the Gila monster salivary gland, is a 
GLP-1 agonist that is resistant to DPP-IV because of the penultimate NH2-terminal 
glycine, instead of alanine (72). In healthy humans, acute iv infusion of exendin-4 
reduces both fasting and postprandial glucose levels (75). Exenatide, a synthetic 
exendin-4, has now reached phase III of clinical development. When given alone in 
patients with type 2 diabetes, it acutely reduces fasting glucose, and when given twice 
daily over 5 d before breakfast and dinner, it reduces postprandial glucose (76). When 
given in combination with sulfonylureas over 30 wk in a multicenter (100 sites in the 
United States), randomized, triple-blind, placebo-controlled trial in 337 patients, exe- 
natide (5-10 gg subcutaneously twice daily before breakfast and dinner) significantly 
reduced HbAlc level and weight in patients with type 2 diabetes, who had failed sul- 
fonylurea therapy (maximally effective doses). The drug was well tolerated (the most 
frequent adverse effects were GI in nature, such as nausea (5% in the 10-g group vs 2% 
in the placebo group), vomiting, diarrhea, or constipation, and decreased in incidence 
after wk 8 of treatment. Mild to moderate cases of hypoglycemia were also reported 
(77). Exenatide mirrors the effects of GLP-1, which include glucose-dependent stimu- 
lation of insulin secretion, suppression of glucagon secretion, reduction of appetite, and 
delay of food absorption. A long-acting release formulation of Exenatide (Exenatide 
LAR) is in the early stages of development (78). Another GLP-1 analog resistant to 
DPP-IV and with a longer half-time, suitable for once daily administration, liraglutide, 
resulted in improved glycemic control after 12 wk of administration in a randomized, 
double-blind, placebo-controlled trial in patients with type 2 diabetes and also had a 
trend toward weight reduction (79). These findings suggest that GLP-1 receptor ago- 
nists may have a potential role in the treatment of type 2 diabetes and obesity. 

DPP-IV Inhibitors. DPP-IV has an important role in the rapid degradation of at 
least two of the hormones released during food ingestion: GLP-1 and glucose-dependent 
insulinotropic polypeptide (formerly known as gastric inhibitory polypeptide). 
Inhibition of this enzyme is thought to increase levels of the active forms of both 
incretin hormones and, therefore, to increase insulin release in a glucose-dependent 
manner after a meal (80). Preclinical studies with DPP-IV inhibitors have demonstrated 
that increasing levels of endogenously released incretins, such as GLP-1, stabilize 
energy intake and improve insulin secretion, glucose tolerance, hypertriglyceridemia 
and FFA levels (81,82). In human studies, initial administration of a short-acting 
inhibitor, and then a long-term study (4-12 wk of once daily treatment) with LAF237, 
which has now reached phase III clinical development (83,84), proved that fasting and 
postprandial glucose levels as well as HbAlc decreased significantly compared with 
placebo, without any effect on weight balance. Although there are a few concerns about 
potential side effects (inhibition of the enzyme DPP-IV, which is also responsible for 
degradation of other peptides including vasoactive intestinal peptide, NPY, GH-releasing 
hormone, GLP-2, and PYY, and possible interference with T-cell activation and immune 
function), DPP-IV inhibitors remain a promising new drug category for treatment of 
type 2 diabetes given their biochemical structure and the potential for administration 
via the oral route (72). 

BOMBESIN 

Bombesin, originally purified from the skin of a European frog, Bombina bombina, 
and the two mammalian bombesin-like peptides (gastrin-releasing peptide [GRP] and 
neuromedin B) have a wide range of functions (i.e., promotion of cell growth; regulation 
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of body temperature; and release of gastrin, CCK, and pancreatic polypeptide), but the 
most pronounced effect is that of modulating feeding behavior. Feeding suppression is 
mediated via G protein-coupled receptors (GPCRs) (neuromedin via the BB 1 receptor 
and GRP via the BB 2 receptor) and is at least in part independent of CCK (85). The 
BB 3 receptors, also known as BRS-3, have no endogenous ligands. The BRS-3 path- 
way seems to be more important in feeding behavior, because BRS-deficient mice 
exhibit moderate obesity caused by increased food intake and decreased energy expen- 
diture, as well as hypertension and diabetes (86,87), whereas BB 1- (neuromedin recep- 
tor) or BB 2- (GRP receptor) deficient mice exhibit normal feeding behavior and do not 
become obese (88, 89). A small early phase, double-blind, placebo-controlled, crossover 
study of 12 nonobese humans showed that administration of a relatively high dose of iv 
bombesin (1.33 and 4 ng/[kg.min]) for approx 13 min suppressed spontaneous food 
intake in response to test meal without affecting meal duration and other than for a 
sensation of sickness there were no overt side effects (90). Specific ligands for BRS-3 
have been studied and have enhanced selectivity for the human orphan receptor BRS-3 
(91-93). Thus, specific ligands for BRS-3 represent a new potential anorectic 
antiobesity medication, but their potential use in humans remains to be shown in the 
future. 

CHOLECYSTOKININ 

Intravenous administration of CCK (2.25 ~tg) for 10 min reduced food intake by 40% 
and enhanced the sense of satiety in a small early phase, blinded, placebo-controlled, 
crossover study with 12 nonobese subjects (94). Results of more advanced clinical tri- 
als with CCK or CCK receptor agonists are greatly anticipated (66). 

AMYLIN 

Amylin, a 37 amino acid peptide secreted by pancreatic l~-cells in response to a meal, 
with the same diurnal variation as insulin, exerts its effects via specific receptors in the 
CNS (area postrema but also nucleus accumbens and dorsal raphe). Amylin comple- 
ments insulin action by suppressing postprandial glucagon release, slows gastric empty- 
ing, and attenuates feeding behavior, consequently facilitating weight loss. An amylin 
analog (pramlintide) with a more favorable and stable formula has been developed for sc 
administration and has reached late-stage clinical development as an adjunct treatment 
to insulin in type 1 and type 2 insulin-dependent diabetics. In 1-yr-long clinical trials for 
type 1 and type 2 diabetics, as adjunct to insulin, administration of pramlintide (3 to 4 X 
60 ~g before meals) helped normalize fluctuations in glucose level by slowing gastric 
emptying and suppressing glucagon secretion during the prandial/postprandial period. It 
also improved glycemic control by decreasing significantly HbAlc and body weight. 
This medication caused no significant hypoglycemia, and the most common side effect 
reported was nausea, which is dose dependent and decreases over time (95). 

Agents That May Increase Resting Metabolic Rate 
~3-Adrenergic receptors are expressed mainly in adipose tissue and play an impor- 

tant role in lipolysis and thermogenesis. Activation of these receptors suppresses leptin 
expression and production, as well as food intake, by a mechanism that is independent 
of leptin (96). Chronic administration of 133-adrenergic receptor agonists to obese 
rodents reduces the size of adipocytes and results in weight loss. However, acute admin- 
istration of the drugs induces remarkable insulin secretion, the mechanism of which is 
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still unclear (97). Several [33-adrenergic receptor agonists are in various stages of devel- 
opment as antiobese or antidiabetic agents. The first study to show the acute effect 
of 133-adrenergic receptor agonists (L-796568 in a single dose of 1000 mg) in humans 
(98) confirmed the increased lipolysis and energy expenditure in overweight men. The 
chronic effects, however, have not yet been studied in obese humans, although the 
chronic administration of another ~3-adrenergic receptor agonist (FR-149175) had 
favorable effects on energy expenditure in rats (Zucker fatty rats): the thermogenic 
effect was not attenuated by chronic exposure to agonists, and chronic treatment with 
FR-149175 caused a decrease in both body weight gain and white fat pad weight at 
doses that induced lipolysis in acute treatment (1 and 3.2 mg/kg by mouth) (99). 

Other Diverse Agents 
Other agents, including corticotropin-releasing hormone agonists, brain-derived 

neurotrophic factor/TrKB receptor, urocortin and corticotrophin-releasing hormone 
and their receptors, galanin, phytostanol analogs, functional oils, P57, amylase inhibitors, 
GH fragments, synthetic analogs of dehydroepiandrosterone sulfate, antagonists of 
adipocyte 11 ~-hydroxysteroid dehydrogenase type 1 activity, inhibitors of fatty acid 
synthesis, carboxypeptidase inhibitors, indanones/indanols, aminosterols, and other GI 
lipase inhibitors (ATL962), as well as several other potential targets for the develop- 
ment of new obesity treatments, are also under intensive investigation, but a detailed 
discussion of these targets is beyond the scope of this review. 
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I N T R O D U C T I O N  

Obesity and diabetes are both chronic diseases that affect every aspect of a person's 
life. Secondary to medical treatment, education is the single most important tool for 
their management. Education is also of critical importance in raising public awareness, 
and it can help curb the global epidemic of these related conditions. 

Following is a list of government agencies and voluntary associations that provide 
information and resources related to obesity and diabetes. 

DIABETES ORGANIZATIONS 

American Association of Diabetes Educators (AADE) 
100 West Monroe, Suite 400 
Chicago, IL 60603 
Tel.: 800-338-3633 or 312-424-2426 
Fax: 312-424-2427 
Diabetes Educator Access Line: 800-TEAMUP4 (800-832-6874) 
E-mail: aade@aadenet.org 
Web site: www.diabeteseducator.org 

American Diabetes Association (ADA) 
1701 North Beauregard Street 
Alexandria, VA 22311 
Tel.: 800-DIABETES (800-342-2383) 
Fax: 703-549-6995 
E-mail: askada@diabetes.org 
Web site: www.diabetes.org 
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American Podiatric Medical Association (APMA) 
9312 Old Georgetown Road 
Bethesda, MD 20814-1621 
Foot Care Information Center: 800-FOOT-CARE (800-366-8227) 
Tel.: 301-581-9200 
Fax: 301-530-2752 
E-mail: askapma@ apma.org 
Web site: www.apma.org 

American Porphyria Foundation (APF) 
PO Box 22712 
Houston, TX 77227 
Tel.: 713-266-9617 
Fax: 713-840-9552 
E-mail: porphyrus@aol.com 
Web site: www.porphyriafoundation.com 

Centers for Disease Control and Prevention 
National Center for Chronic Disease Prevention and Health Promotion 
Division of Diabetes Translation 
PO Box 8728 
Silver Spring, MD 20910 
Tel.: 877-CDC-DIAB (877-232-3422) 
Fax: 301-562-1050 
E-mail: diabetes@cdc.gov 
Web site: www.cdc.gov/diabetes 

Diabetes Action Research & Education Foundation 
426 C Street, NE 
Washington, DC 20002 
Tel.: 202-333-4520 
E-mail: daref@ diabetesaction.org 
Web site: www.diabetesaction.org 

Diabetes Exercise and Sports Association (DESA) 
8001 Montcastle Drive 
Nashville, TN 37221 
Tel.: 800-898-4322 
Fax: 602-433-9331 
E-mail: desa@ diabetes-exer¢ise.org 
Web site: www.diabetes-exercise.org/index.asp 

Diabetes Institutes Foundation (DIF) 
855 W. Brambleton Avenue 
Norfolk, VA 23510 
Tel.: 866-DIF-CURE or 757-446-8420 
Fax: 757-446-8429 
E-mail: difcure@aol.com 
Web site: www.dif.org 
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Indian Health Service (IHS) 
Division of Diabetes Treatment and Prevention 
5300 Homestead Road, NE 
Albuquerque, NM 87110 
Tel.: 505-248-4182 
Fax: 505-248-4188 
E-mail: diabetesprogram @ mail.ihs.gov 
Web site: www.ihs.gov/medicalprograms/diabetes 

International Diabetes Federation (IDF) 
Avenue Emile De Mot 19-B-1000 
Brussels, Belgium 
Tel.: +32-2-538 55 11 
Fax: +32-2-538 51 14 
E-mail: info@idf.org 
Web site: www.idf.org/home/ 

Joslin Diabetes Center 
One Joslin Place 
Boston, MA 02215 
Tel.: 800-JOSLIN-1 (800-567-5461)or 617-732-2400 
Web site: www.joslin.org 

Juvenile Diabetes Research Foundation International (JDRF) 
120 Wall Street 
New York, NY 10005-4001 
Tel.: 800-533-CURE (800-533-2873) 
Fax: 212-785-9595 
E-mail: info@jdrf.org 
Web site: www.jdf.org 

National Certification Board for Diabetes Educators (NCBDE) 
330 East Algonquin Road, Suite #4 
Arlington Heights, IL 60005 
Tel.: 847-228-9795 
Fax: 847-228-8469 
Phone requests for exam applications: 913-541-0400 
E-mail: info@ncbde.org 
Web site: www.ncbde.org 

National Diabetes Education Program (NDEP) 
One Diabetes Way 
Bethesda, MD 20814-9692 
Tel.: 800-438-5383 
E-mail: ndep@info.nih.gov 
Web site: http://ndep.nih.gov 
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National Diabetes Information Clearinghouse (NDIC) 
1 Information Way 
Bethesda, MD 20892-3560 
Tel.: 800-860-8747 
Fax: 703-738-4929 
E-mail: ndic @info.niddk.nih.gov 
Web site: www.diabetes.niddk.nih.gov 

Hepatitis Foundation International (HFI) 
504 Blick Drive 
Silver Spring, MD 20904-2901 
Tel.: 800-891-0707 or 301-622-4200 
Fax: 301-622-4702 
E-mail: hfi@comcast.net 
Web site: www.hepfi.org 

National Eye Institute (NEI) 
National Eye Health Education Program (NEHEP) 
2020 Vision Place 
Bethesda, MD 20892-3655 
Tel.: 800-869-2020 (for health professionals only) or 301-496-5248 
Fax: 301-402-1065 
E-mail: 2020@nei.nih.gov 
Web site: www.nei.nih.gov 

National Institute of Diabetes and Digestive and Kidney Diseases 
31 Center Drive, MSC-2560 
Building 31, Room 9A-04 
Bethesda, MD 20892-2560 
Tel.: 301-496-3583 or 301-496-5877 
Fax: 301-496-7422 or 301-402-2125 
E-mail: dkwebmaster @ extra.nid.nih.gov 
Web site: www.niddk.nih.gov 

National Kidney and Urologic Diseases Information Clearinghouse (NKUDIC) 
3 Information Way 
Bethesda, MD 20892-3580 
Tel.: 800-891-5390 
Fax: 703-738-4929 
E-mail: nkudic @ info.niddk.nih.gov 
Web site: www.kidney.niddk.nih.gov or www.urologic.niddk.nih.gov 

National Kidney Foundation (NKF) 
30 East 33rd Street 
New York, NY 10016 
Tel.: 800-622-9010 or 212-889-2210 
Fax: 212-689-9261 or 212-779-0068 
E-mail: info@kidney.org 
Web site: www.kidney.org 
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National Institute of Dental and Craniofacial Research 
Bethesda, MD 20892-2190 
Tel.: 301-496-4281 
E-mail: nidcrinfo @ mail.nih.gov 
Web site: www.nidcr.nih.gov 

Pedorthic Footwear Association (PFA) 
7150 Columbia Gateway Drive, Suite G 
Columbia, MD 21046-1151 
Tel.: 410-381-7278 or 800-673-8447 
Fax: 410-381-1167 
E-mail: info@pedorthics.org 
Web site: www.pedorthics.org 

United Network for Organ Sharing (UNOS) 
PO Box 2484 
Richmond, VA 23218 
Tel.: 804-782-4800 
E-mail: askunos @unos.org 
Web site: www.unos.org 

OBESITY ORGANIZATIONS 

Academy for Eating Disorders (AED) 
60 Revere Drive, Suite 500 
Northbrook, IL 60062 
Tel.: 847-498-4274 
Fax: 847-480-9282 
E-mail: aed@aedweb.org 
Web site: www.aedweb.org/index.cfm 

American Gastroenterological Association (AGA) 
4930 Del Ray Avenue 
Bethesda, MD 20814 
Tel.: 301-654-2055 
Fax: 301-654-5920 
Web site: www.gastro.org 

American Obesity Association (AOA) 
1250 24th Street, NW 
Suite 300 
Washington, DC 20037 
Tel.: 202-776-7711 
Fax: 202-776-7712 
Web site: www.obesity.org 
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American Sleep Apnea Association (ASAA) 
1424 K Street NW, Suite 302 
Washington, DC 20005 
Tel.: 202-293-3650 
Fax: 202-293-3656 
E-mail: asaa@ sleepapnea.org 
Web site: www.sleepapnea.org 

American Society for Bariatric Surgery (ASBS) 
100 SW 75th Street, Suite 201 
Gainesville, FL 32607 
Tel.: 352-331-4900 
Fax: 352-331-4975 
E-mail: info@asbs.org 
Web site: www.asbs.org 

American Society of Abdominal Surgeons (ASAS) 
1 East Emerson Street 
Melrose, MA 02176 
Tel.: 781-665-6102 
Fax: 781-665-4127 
E-mail: office @ abdominalsurg.org 
Web site: www.abdominalsurg.org 

American Society of Bariatric Physicians (ASBP) 
2821 S. Parker Road, Suite 625, 
Aurora, CO 80014 
Tel.: 303-770-2526 
Fax: 303-779-4834 
E-mail: info@ asbp.org 
Web site: www.asbp.org 

Cyclic Vomiting Syndrome Association (CVSA) 
CVSA USA/Canada 
3585 Cedar Hill Road, NW 
Canal Winchester, OH 43110 
Tel.: 614-837-2586 
Fax: 614-837-2586 
E-mail: waitesd @ cvsaonline.org 
Web site: www.cvsaonline.org 

Digestive Disease National Coalition (DDNC) 
507 Capitol Court NE, Suite 200 
Washington, DC 20002 
Tel.: 202-544-7497 
Fax: 202-546-7105 
E-mail: ronanoe@hmcw.org 
Web site: www.ddnc.org 
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Gastro-Intestinal Research Foundation (GIRF) 
70 East Lake Street, Suite 1015 
Chicago, IL 60601-5907 
Tel.: 312-332-1350 
Fax: 312-332-4757 
E-mail: girf@earthlink.net 
Web site: www.girf.org 

International Association for the Study of Obesity (IASO) 
231 North Gower Street 
London NW1 2NS 
United Kingdom 
Tel.: +44 (0) 20 7691 1900 
Fax: +44 (0) 20 7387 6033 
E-mail: inquiries@iaso.org or obesity@ioff.org 
Web site: www.iaso.org or www.iotf.org 

International Foundation for Functional Gastrointestinal Disorders (IFFGD) 
PO Box 170864 
Milwaukee, WI 53217-8076 
Tel.: 888-964-2001 or 414-964-1799 
Fax: 414-964-7176 
E-mail: iffgd@iffgd.org 
Web site: www.iffgd.org 

National Association to Advance Fat Acceptance (NAAFA) 
PO Box 188620 
Sacramento, CA 95818 
Tel.: 916-558-6880 
Fax: 916-558-6881 
E-mail: naafa@naafa.org 
Web site: http://naafa.org 

National Digestive Diseases Information Clearinghouse (NDDIC) 
2 Information Way 
Bethesda, MD 20892-3570 
Tel.: 800-891-5389 
Fax: 703-738-4929 
E-mail: nddic @info.niddk.nih.gov 
Web site: www.digestive.niddk.nih.gov 

National Eating Disorders Association (NEDA) 
603 Stewart Street, Suite 803 
Seattle, WA 98101 
Tel.: 800-931-2237 or 206-382-3587 
E-mail: info @ nationaleatingdisorders.org 
Web site: www.nationaleatingdisorders.org 
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North American Association for the Study of Obesity (NAASO) 
8630 Fenton Street, Suite 918 
Silver Spring, MD 20910 
Tel.: 301-563-6526 
Fax: 301-563-6595 
Web site: www.naaso.org 

Overeaters Anonymous (OA) 
World Service Office 
PO Box 44020 
Rio Rancho, NM 87174-4020 
Tel.: 505-891-2664 
E-mail: info@oa.org 
Web site: www.oa.org 

Pediatric/Adolescent Gastroesophageal Reflux Association (PAGER) 
PO Box 486 
Buckeystown, MD 21717 
Tel.: 301-601-9541 
Fax: 630-982-6418 
E-mail: gergroup@aol.com 
Web site: www.reflux.org 

President's Council on Physical Fitness and Sports 
Department W 
200 Independence Avenue, SW Room 738-H 
Washington, DC 20201-0004 
Tel.: 202-690-9000 
Fax: 202-690-5211 
Web site: www.fitness.gov 

Shape Up America! 
12154 Darnestown Road, Suite 607 
North Potomac, MD 20878 
Tel.: 240-715-3900 
Fax: 240-632-1075 
E-mail: info@ shapeup.org 
Web site: www.shapeup.org 

The Society for Surgery of the Alimentary Tract (SSAT) 
900 Cummings Center, Suite 221-U 
Beverly, MA 01915 
Tel.: 978-927-8330 
Fax: 978-524-8890 
E-mail: ssat@prri.com 
Web site: www.ssat.com 
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Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) 
11300 West Olympic Boulevard, Suite 600 
Los Angeles, CA 90064 
Tel.: 310-437-0544 
Fax: 310-437-0585 
Web site: www.sages.org 

Weight-control Information Network (WIN) 
National Institute of Diabetes and Digestive and Kidney Diseases 
1 WIN Way 
Bethesda, MD 20892-3665 
Tel.: 877-946-4627 
Fax: 202-828-1028 
E-mail: win @info.niddk.nih.gov 
Web site: http://win.niddk.nih.gov/index.htm 

ORGANIZATIONS OF C O M M O N  INTEREST 

American Academy of Pediatrics (AAP) 
141 Northwest Point Boulevard 
Elk Grove Village, IL 60007-1098 
Tel.: 847-434-4000 or 888-227-1770 
E-mail: csc@aap.org 
Web site: www.aap.org 

American Association of Clinical Endocrinologists (AACE) 
1000 Riverside Avenue, Suite 205 
Jacksonville, FL 32204 
Tel.: 904-353-7878 
Fax: 904-353-8185 
E-mail: info@ aace.com 
Web site: www.aace.com 

American Dietetic Association (ADA) 
120 South Riverside Plaza, Suite 2000 
Chicago, IL 60606-6995 
Tel.: 800-366-1655 
Fax: 312-899-4739 
E-mail: hotline@eatright.org 
Web site: www.eatright.org/public/ 

American Heart Association 
7272 Greenville Avenue 
Dallas, TX 75231-4596 
Tel.: 800-AHA-USA1 (800-242-8721) or 214-706-1220 
Fax: 214-706-1341 
Web site: www.americanheart.org 
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American Institute for Cancer Research (AICR) 
1759 R Street, NW 
Washington, DC 20009 
Tel.: 800-843-8114 or 202-323-7744 
Fax: 202-328-7226 
E-mail: aicrweb@aicr.org 
Web site: www.aicr.org 

American Liver Foundation (ALF) 
75 Maiden Lane, Suite 603 
New York, NY 10038-4810 
Tel.: 800-GO-LIVER (800-465-4837), 888-4HEP-USA 

(888-443-7872), or 212-668-1000 
Fax: 212-483-8179 
E-mail: info @ liverfoundation.org 
Web site: www.liverfoundation.org 

American Society for Parenteral and Enteral Nutrition (ASPEN) 
8630 Fenton Street, Suite 412 
Silver Spring, MD 20910 
Tel.: 800-727-4567 or 301-587-6315 
Fax: 301-587-2365 
E-mail: aspen@nutr.org 
Web site: www.nutritioncare.org 

Center for Nutrition Policy and Promotion (CNPP) 
3101 Park Center Drive, Room 1034 
Alexandria, VA 22302-1594 
Tel.: 703-305-7600 
Fax: 703-305-3400 
E-mail: john.webster@cnpp.usda.gov 
Web site: www.usda.gov/cnpp/ 

Dietary Guidelines for Americans 
U.S. Department of Agriculture and U.S. Department of Health 

and Human Services 
Web site: www.health.gov/dietaryguidelines 

The Endocrine Society 
4350 East West Highway, Suite 500 
Bethesda, MD 20814-4426 
Tel.: 301-941-0200 
Fax: 301-941-0259 
E-mail: societyservices @ endo-society.org 
Web site: www.endo-society.org 

Food and Nutrition Information Center (FNIC) 
USDA/ARS/National Agricultural Library 
10301 Baltimore Avenue, Room 105 



Appendix 523 

Beltsville, MD 20705-2351 
Tel.: 301-504-5719; TTY: 301-504-6856 
Fax: 301-504-6409 
E-mail: fnic@nal.usda.gov 
Web site: www.nal.usda.gov/fnic 

National Cancer Institute (NCI) 
Public Inquiries Office 
6116 Executive Boulevard, Room 3036A 
Bethesda, MD 20892-8322 
Tel.: 800-4-CANCER (800-422-6237); TTY: 800-332-8615 
E-mail: cancergovstaff@ mail.nih.gov 
Web site: www.cancer.gov 

National Center on Sleep Disorders Research 
National Heart, Lung, and Blood Institute 
6705 Rockledge Drive, Suite 6022 
Bethesda, MD 20892-7993 
Tel.: 301-435-0199 
Fax: 301-480-3451 
E-mail: ncsdr@nih.gov 
Web site: www.nhlbi.nih.gov/sleep 

National Heart, Lung, and Blood Institute (NHLBI) 
Education Programs Information Center 
PO Box 30105 
Bethesda, MD 20824-0105 
Tel.: 301-592-8573; TTY: 240-629-3255 
Fax: 240-629-3246 
E-mail: nhlbiinfo @ nhlbi.nih.gov 
Web site: www.nhlbi.nih.gov 

National Institute on Aging (NIA) 
Information Center 
PO Box 8057 
Gaithersburg, MD 20898 
Tel.: 800-222-2225; TTY: 800-222-4225 
E-mail: niaic@jbsl.com 
Web site: www.nia.nih.gov 

North American Society for Pediatric Gastroenterology, Hepatology 
and Nutrition (NASPGHAN) 

PO Box 6 
Flourtown, PA 19031 
Tel.: 215-233-0808 
Fax: 215-233-3918 
E-mail: naspghan @ naspghan.org 
Web site: www.naspghan.org 
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U.S. Department of Agriculture (USDA) 
1400 Independence Avenue, SW 
Washington, DC 20250 
Tel.: 800-727-9540 or 202-720-2791 
Web site: www.usda.gov/wps/portal/usdahome 

U.S. Food and Drug Administration (FDA) 
Office of Consumer Affairs 
5600 Fishers Lane 
Rockville, MD 20857 
Tel.: 888-INFO-FDA (888-463-6332) and 888-SAFE-FOOD 

(888-723-3366) (Food Information Line) 
Fax: 301-443-9767 
Web site: www.fda.gov 

U.S. Government's Food Safety Web Site 
www.foodsafety.gov 
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tz-Blockers, 366, 372 
Abacavir, 405, 411,414 
ABCD trial, see  Appropriate Blood 

Pressure Control in Diabetes (ABCD) 
trial 

Abscesses, perinephric/intrarenal, 381 
A b s i d i a  spp., 390 
Academy for Eating Disorders (AED), 517 
Acanthosis nigricans, 255, 257 
Acarbose (Precose) 

about, 185 
for DM type 2, 474-476 
for dyslipidemia, 206 
and glycemic index, 435 

Aceruloplasminemia, 43 
Acetylcholine, 107, 364 
Achondroplasia, 42 
Acomplia (Rimonabant), 164, 468, 504 
Activator protein (AP)-1 in DR, 298 
Actos, see  Pioglitazone (Actos) 
Acupuncture in obesity treatment, 4 
Acute diabetic polyneuropathy, 342 
Acute pyelonephritis, 380 
Acylation-stimulating protein (ASP), 76 
Adaptive thermogenesis described, 100, 

104, 105 
Adenocarcinoma, 244, 245 
Adenosine monophosphate kinase (AMPK) 

in EE regulation, 111, 112 
in fatty acid metabolism, 108, 109 

Adipex, see  Phentermine (Adipex, Ionamine 
Slow Release) 

Adipocytes 
ASP expression in, 76 
cytokine expression in, 73-74 
as endocrine cell, 70, 71 
in insulin resistance, 198, 213 
in obesity/hypertension, 176-177 
and type 2 diabetes, 279 

Adipocytokines, see  a lso  Cytokines 

and endothelial dysfunction, 215 
levels in obesity, 70, 118-120 
in renal disease, 323 

Adiponectin 
about, 178 
atherosclerosis and, 119 
and cancer risk, 248-249 
eNOS and, 74-75, 178 
and glucocorticoids, 409 
and HIV-associated metabolic syndrome, 

408-410 
and inflammation, 248 
in insulin sensitivity, 178 
models of, 178, 410 
in obesity, 42, 56, 57, 74-75, 118-120 
regulation of, 74, 75, 178, 409, 415 
secretion of, 160 
and TZDs, 410, 415 

AdipoR1 in obesity, 74 
Adipose tissue 

about, 213 
brown, see  Brown adipose tissue (BAT) 
in energy homeostasis, 88, 100, 102, 106, 

282 
estrogen synthesis in, 247 
and insulin resistance, 56, 70-77, 282 
insulin sensitivity in, 158-160 
and type 2 diabetes, 279, 282 
white, see  White adipose tissue (WAT) 

Adolescents 
diabetes patterns in, 29, 277, 279-287 
insulin resistance in, 162 
obesity patterns in, 22-26, 33, 105,277- 

279 
renal disease in, 325 
screening, 283 

Adults, obesity prevalence in, 16-22 
Advanced glycation end products (AGEs) 

formation of, 174 
in peripheral neuropathy, 336 
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in VEGF expression, 297 
Africa, obesity patterns in, 18-20, 25, 158 
African Americans 

BMI values in, 462 
hypertension in, 181,195 
insulin levels in, 282 
renal disease in, 325 

AG3340 for DR, 309 
Age and fat distribution, 462 
AGE inhibitors for diabetic retinopathy, 307 
Age-related macular degeneration (AMD), 

309 
AGEs, see Advanced glycation end products 

(AGEs) 
agouti gene 

discovery of, 11 
in obesity, 40 

agouti-related peptide 
discovery of, 11 
in energy homeostasis, 90-91 
production of, altering, 41 

Agouti yellow (Ay) mouse strain, 40 
AHA Step 1/2 diets, 201,202 
Akt pathway 

and adiponectin, 74, 75 
in insulin signaling, 53 
in VEGF expression in DR, 298-299 

Alcohol 
and CVD risks, 202 
and diabetes risk, 433,438 
and sexual dysfunction, 366 

Aldose reductase inhibitors (ARIS), 307, 
340 

Aldosterone in obesity/hypertension, 173, 
321,327 

Algeria, obesity patterns in, 25 
Allele defined, 57 
ALLHAT trial, 183 
Alprostadil (Caverject, Edex), 373,374 
Alstrom syndrome, 42, 44 
ALT-711 for diabetic retinopathy, 307 
Amaryl, see Glimepiride (Amaryl) 
Amenorrhea 

and leptin therapy, 499 
in PCOS, 256, 257, 267 

American Academy of Pediatrics (AAP), 
521 

American Association of Clinical 
Endocrinologists (AACE), 521 

American Association of Diabetes Educators 
(AADE), 513 

American Cancer Prevention Study II, 234, 
239, 241-243,245 

American Diabetes Association (ADA), 513 
American Dietetic Association (ADA), 521 
American Gastroenterological Association 

(AGA), 517 
American Heart Association, 521 
American Institute for Cancer Research 

(AICR), 522 
American Liver Foundation (ALF), 522 
American Obesity Association (AOA), 517 
American Podiatric Medical Association 

(APMA), 514 
American Porphyria Foundation (APF), 514 
American Sleep Apnea Association 

(ASAA), 518 
American Society for Bariatric Surgery 

(ASBS), 518 
American Society for Parenteral and Enteral 

Nutrition (ASPEN), 522 
American Society of Abdominal Surgeons 

(ASAS), 518 
American Society of Bariatric Physicians 

(ASBP), 518 
Aminoglycosides, 380 
Aminoguanidine for diabetic retinopathy, 

307 
Amlodipine for diabetes, 184 
AMP-activated protein kinase (AMPK), 81 
Amphetamines in obesity treatment, 9,458 
Amphotericin B, 383, 390-391 
Amputation, 221,224, 227, 384, 388 
Amylin, 507 
Anabolic steroids for lipoatrophy, 412, 413 
Analgesic abuse sickle hemoglobinopathy, 

381 
Analgesics for diabetic polyneuropathy, 341 
Androgens 

and cancer risk, 247 
in insulin resistance, 262 
and leptin secretion, 71 
in PCOS, 255,256, 258-260, 262 

Angiogenesis in diabetic retinopathy, 293 
Angiostatin for DR, 309 
Angiotensin-converting enzyme (ACE) 

ACEIs 
for diabetes, 183-185 
for DR, 300, 303,306, 308 
for PVD, 227 
for renal disease, 323, 325, 327 

in obesity, 76 
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Angiotensin II (Ang II) 
in hypertension, 322 
in obesity, 173, 178,321 
in renal disease, 322-323 

Angiotensin II Antagonist Losartan Study, 
184 

Angiotensin receptor blockers (ARBs), 183, 
184 

Angiotensinogens in obesity, 76 
Angular stomatitis, 389 
Aniline dyes in obesity treatment, 9 
Animal studies 

of diabetes insipidus, 47 
of diabetes mellitus, 50-54 
diabetic polyneuropathy, 339 
of diabetic retinopathy, 293-295 
hyperinsulinemia, 322 
insulin deficiency, 77 
of obesity, 40-41,120 

Ankle-brachial indices (ABIs), 225-226, 
387 

Anorexia, 342 
Anorexiants, 366 
Anorexigenic pathways in energy 

homeostasis, 92-94 
ANP (Atrial natriuretic peptide), 173-175, 

180 
Ansamycin antibiotics for DR, 298 
Antiandrogens for PCOS, 266-268 
Antiangiogenic agents for DR, 308-309 
Antibiotics for infection, 356-357, 382, 383, 

388, 389 
Antibodies in diabetes diagnosis, 10 
Anticonvulsants for diabetic 

polyneuropathy, 340, 341 
Antidepressants 

for diabetic polyneuropathy, 340, 341 
as obesity treatment, 500 
and sexual dysfunction, 366, 367 

Antiepileptics, 501-504 
Antifungals, 366 
Antihistamines, 366, 367 
Antihypertensive agents, 366, 367 
Antiobesity drugs, 286 
Antioxidants 

for diabetic polyneuropathy, 340 
for diabetic retinopathy, 307-308 

Antiplatelet medications, 227 
Antipsychotics, 366 
Antiretroviral medications 

and dyslipidemia, 413 

and lipodystrophy, 405 
metabolic profile, 208, 209, 403,407, 

408, 415 
switch strategies, 411,412, 414 
and vardenafil, 371 

Antithrombotics for diabetic retinopathy, 
308 

Apligraf, 358 
Apolipoprotein B (ApoB), 404, 407 
Apomorphine (Uprima), 372 
Apoptosis and diabetic retinopathy, 294 
Appropriate Blood Pressure Control in 

Diabetes (ABCD) trial, 300, 306 
Arcuate nucleus in energy homeostasis, 88- 

90 
Argentina, obesity patterns in, 25 
ARI-509 for diabetic retinopathy, 307 
Armenia, obesity patterns in, 25 
Aromatase, 76, 260 
Asia 

diabetes patterns in, 277 
insulin resistance in, 162 
obesity patterns in, 19-21, 25, 158 

Asians, BMI values in, 462 
Aspart, 479 
Aspergillosis, 379 
Aspergillus fumigatus, 391 
Aspirin 

for diabetic retinopathy, 294, 295, 308 
for metabolic syndrome, 163 
for NPDR, 305 
for PVD, 227 

Association studies defined, 57 
Ataxia telangiectasia, 46 
Atazanavir, 408, 414 
Atenolol and vascular disease, 184 
Atherogenesis, 194, 213 
Atherogenic dyslipidemia, 160 
Atheromas, 265 
Atherosclerosis 

and adiponectin, 119 
cytokine production and, 176 
development of, 161,163 
and endothelial dysfunction, 214-215 
glomerulosclerosis and, 174 
HDL-Atherosclerosis Treatment Study, 

206 
Insulin Resistance Atherosclerosis Study 

(IRAS), 163 
leptin and, 120 
pathology of, 222-224 
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Atorvastatin 
for DR, 306-307 
for dyslipidemia, 203,204, 206, 208-209, 

413 
ATP III criteria, 194-195, 200, 203 
Attractin (Atrn) gene mutations in obesity, 

40 
Australia 

diabetes patterns in, 277 
obesity patterns in, 21 

Autoantigens, 47 
Autoimmune Polyendocrine Syndrome type 

I (APS-1, APECED), 43, 49 
Autonomic nervous system (ANS) 

evaluation of, 338 
leptin in, 72 
in obesity, 9 

Autonomic polyneuropathy, 335,340-341, 
353 

Autonomic testing, 338-339 
Avandamet, 478 
Avandia, see Rosiglitazone (Avandia) 
Axokine, 468, 499 
AZIP/F-1 protein, 409 

B 

13-Adrenergic activity 
and adiponectin, 409 
in energy homeostasis, 93, 107-109, 113 
and leptin secretion, 71 
as obesity treatment, 286, 321,507-508 

t-Blockers 
for diabetes, 183, 184 
for DR, 300, 303 
and sexual dysfunction, 366 

B-cells 
in diabetes mellitus, 50, 53, 138, 472, 473 
function, improving, 505 

~lactamase inhibitors, 384, 388, 392 
[~-lactams, 380, 383, 388, 392 
Baboon models, obesity, 41 
Bacteriuria, asymptomatic, 379, 380 
Bacteroidesfragi l is ,  384, 385 
Balanitis, 389 
Bangladesh, diabetes patterns in, 28 
[~2AP (ADRB2) gene in obesity, 42 
~3AP (ADRB3) gene in obesity, 42 
Bardet-Biedl syndromes, 42, 43 
Bariatric surgery 

about, 487-488 
and adiponectin levels, 119 

criteria for, 488 
gastric bypass, 490-492 
malabsorptive procedures, 488-489, 492 
and morbidity, 136 
origins of, 5, 9-10 
outcomes, 492 
pedal bypass procedure, 228-230 
renal disease and, 327 
restrictive procedures, 490-492 
studies on, 182 

Basal brain tumors and obesity, 9 
Basal insulin therapy, 479, 480 
Basic fibroblast growth factor (bFGF) 

in diabetic retinopathy, 294 
in wound healing, 354-355 

Bay-129566 for DR, 309 
BB-3644 for DR, 309 
Becaplermin (rhPDGF-BB), 357 
Behavior modification, 448-450, 464-465 
Behavioral Risk Factors Surveillance 

System, 29 
Belgium, obesity patterns in, 24 
Benzphetamine (Didrex), 466 
Berardinelli-Seip congenital lipodystrophy, 

44, 56 
Bergstr6m study, 234, 238,240-242, 245 
Bethanechol, 341 
Beverages 

and diabetes risk, 437,438 
dietary requirements for, 447 

Biguanides 
for DM type 2, 430, 474, 475 
for dyslipidemia, 206 
for PCOS, 267 

Bile acid-binding resins, 204, 209 
Biliopancreatic diversion, 489 
Bimix (Phentolamine), 373,374 
Binge-eating disorders, 502, 503 
Biopsy for peripheral neuropathy, 339 
Bladder infections, 382-383 
Blindness and diabetes, 291 
Blood pressure 

BMI and, 170 
and DR, 300, 303 
improvement of, 182, 183, 185 
and leptin, 321 
and obesity, 160-161,163 
and weight loss, 327 

Bloom syndrome, 44 
BMI, see Body mass index (BMI) 
BNP (Brain natriuretic peptide), 174, 175 
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Body mass index (BMI) 
and blood pressure, 170 
and breast cancer, 238, 239 
calculation of, 129-130, 133-135 
and colorectal cancer, 241 
and CRP, 176 
defined, 16, 22, 99, 171,457, 487 
educational level and, 18, 19 
and endometrial cancer, 239 
energy expenditure and, 103, 104 
and esophageal cancer, 244, 245 
genetic predisposition and, 42 
and insulin sensitivity, 156, 158, 159 
and kidney cancer, 242, 243 
in obesity screening, 136, 463,464 
optimal, 287 
and pancreatic cancer, 244 
values, standard, 39, 131,459-462 

Bolivia, obesity patterns in, 25 
Bombesin, 506-507 
Bombesin-like peptides, 78-79 
Bontril, see Phendimetrazine (Bontril, Prelu- 

2) 
Botnia study, 163 
Botulinum toxin type A, 341 
Boys 

insulin resistance in, 162 
obesity patterns in, 22-26 

Brachial artery function, improving, 216 
Brain stem in energy homeostasis, 88, 89 
Brazil 

diabetes patterns in, 28 
obesity patterns in, 17, 18, 25-26 

Breast cancer 
diabetes and, 239, 240 
and obesity, 234, 236, 238-240, 246 
risk factors for, 247-249 

Broca method, 131-132 
Bronchodilators, 366 
Brown adipose tissue (BAT) 

energy homeostasis in, 72, 100, 106-110 
and NPY, 90 
SNS activity in, 177 
in WAT, 110 

Bruneck Study, 161 
Bulimia nervosa, 501 
Bupropion (Wellbutrin, Zyban), 468, 501 

C 

C-reactive protein (CRP) 
IL-6 regulation of, 119, 215 

in obesity/hypertension, 176, 178 
in renal disease, 323 

Cachexia, 73, 342 
Caffeine 

and diabetes risk, 436 
in obesity treatment, 113, 286 

Calcium channel blockers 
for diabetes, 183, 184 
and sexual dysfunction, 366 

Calcium cycling, 108 
Calcium dobesilate (doxium) for DR, 308 
Calorimetry for EE measurement, 102 
Canada 

cancer risk in, 245-246 
diabetes patterns in, 29 
obesity patterns in, 17, 23 

Canadian National Enhanced Cancer 
Surveillance System, 245 

Cancer Prevention Study II, 238-244, 246 
Cancer risk, see also individual cancer by 

name 
biological mechanisms of, 246-249 
factors affecting, 233-235,258 
population and, 245-246 

Candesartan for diabetes, 184 
Candesartan in Heart Failure Assessment of 

Reduction in Mortality and Morbidity 
trial, 184 

Candida spp., 378,381,382, 389 
Candidate gene approach defined, 57-58 
Canine models, see Dog models 
Cannabinoid receptor-1 (CB-1), 468, 504 
CAPNIO gene in diabetes mellitus, 55 
Capsaicin cream for diabetic 

polyneuropathy, 341 
Carbamazepine for diabetic polyneuropathy, 

341 
Carbapenems, 380, 384, 388, 392 
Carbenoxolone and insulin sensitivity, 76 
Carbohydrate-deficient glycoprotein 

syndrome, 44 
Carbohydrates, 434-436, 446, 473 
Carboxypeptidase E (Cpe) gene mutations in 

obesity, 40 
Cardiometabolic syndrome described, 171 
Cardiovascular disease (CVD) 

alcohol and, 202 
exercise for, 215-216, 430-431,447 
and hypertension, 171,183 
and metabolic syndrome, 162-163, 165, 

171 
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and obesity, 160, 161,193 
and PCOS, 264, 265 
risk factors for, 73, 76, 155, 176, 179, 

183, 194, 213,438, 462 
treatment, 185,200 

Cardiovascular system, obesity/hypertension 
in, 179-181 

Caribbean, obesity patterns in, 25 
Carnityl-palmitoyl transferase (CPT1), 

inhibition of, 80 
Carotid artery function, improving, 216 
Carpal tunnel syndrome, 344 
CART (cocaine- and amphetamine-regulated 

transcript), 92-93 
Carvedilol and vascular disease, 184 
Caspases in diabetic retinopathy, 294 
Cataracts, 9, 305, 307 
Catecholamine secretion, 177 
Caucasians, hypertension in, 181,195 
Caverject, s e e  Alprostadil (Caverject, Edex) 
Cavernous sinus thrombosis, 390 
CD18 adhesion molecule, 294 
CD40 ligand in diabetic retinopathy, 295 
Cefepime, 388 
Ceftazidime, 392 
Celecoxib (Celebrex) for diabetic retinal 

leukostasis, 294 
Celexa (Citalopram), 500, 501 
Cellulitis, 383 
Center for Nutrition Policy and Promotion 

(CNPP), 522 
Centers for Disease Control and Prevention, 

514 
Central nervous system (CNS) 

cortisol in, 177 
exercise regulation by, 105 
in glucose level control, 8 
medications acting via, 498-504 
nutrient status, conveyance of, 88-89 
in obesity, 9, 103, 105, 106 

Cephalexin, 388 
Cephalosporins, 380, 388 
Cervical cancer and obesity, 236, 245 
CETP (Cholesterol ester transfer protein), 

196-199, 202, 207 
CGS-27023A for DR, 309 
Charcot neuroarthropathy, 358-360, 387 
Chemical mutagenesis defined, 58 
Children 

angular stomatitis in, 389 
BMI calculations for, 134 

diabetes patterns in, 29, 277,279-286, 
287 

IGT in, 277, 280, 287 
leptin therapy in, 498 
metabolic syndrome in, 162 
nephrotic syndrome in, 324 
obesity patterns in, 22-26, 33, 42, 69, 

277-279 
screening, 283 

Chile, obesity patterns in, 25 
China 

diabetes patterns in, 28, 29, 32, 430 
obesity patterns in, 18, 21, 25-26, 158 

Chlorpheniramine, 366, 367 
Chlorpropamide (Diabinese), 474, 475 
Chlorthalidone, 183 
Chlotrimeton, 366 
Cholecystokinin 

about, 79, 507 
in energy homeostasis, 88, 89 

Cholesterol and Recurrent Events (CARE) 
trial, 204 

Cholesterol ester transfer protein (CETP), 
196-199, 202, 207 

Cholesterols 
and bile resins, 204 
and CVD/CHD risk, 194 
in diabetes type 1,207 
in DR, 303 
in dyslipidemia, 197-202, 207,209 
Ezetimibe and, 205 
in HAART associated metabolic 

syndrome, 406-407, 414 
and insulin sensitivity, 160, 163, 164 
in lipoproteins, 195-196, 222 
and statins, 203 
Cholestyramine for dyslipidemia, 204 
Chronic inflammatory demyelinating 

polyradiculoneuropathy (CIDP), 
335,343 

Chylomicrons described, 196-198 
Cialis, s e e  Tadalafil (Cialis) 
Cilostazol for claudication, 227 
Cimetidine and sexual dysfunction, 366 
Ciprofloxacin, 392 
Citalopram (Celexa), 500, 501 
Claudication, 224, 227 
Clindamycin, 383, 384, 388 
Clofibrate, 366 
Clonidine, 366 
Clopidogrel (Plavix), 227 
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Clostridia welchii, 392 
Clostridium spp., 381,384 
Cloxacillin, 387 
CNP (C-type natriuretic peptide), 174, 

175 
CNS, see Central nervous system (CNS) 
CNTF (Ciliary neurotrophic factor), 499 
Coccidioidomycosis, 379 
Cockayne syndrome, type I (CKN1), 44, 

56 
Coffee and diabetes risk, 436 
Cognitive behavioral therapy in obesity 

treatment, 285 
Cognitive restructuring, 448-449 
Cohen syndrome, 42 
Cold, sensing, 100 
Colesevelam for dyslipidemia, 204 
Colestipol for dyslipidemia, 204 
Collaborative Atorvastatin Diabetes 

Study, 204 
Collagen, 322, 354 
Colorectal cancer 
diabetes and, 242 
and obesity, 235,236, 241-242, 246 
risk factors for, 248 

Computed tomographic angiography (CTA), 
225,226 

Congenital adrenal hyperplasia (CAH), 257, 
258 

Congenital disorder of glycosylation type Ia, 
44 

Connective-tissue growth factor, 174 
Constriction rings for erections, 373 
Contraceptives, oral 

and breast cancer risk, 247 
and PCOS, 266-268 

Coronary artery disease (CAD) 
and erectile dysfunction, 363 
exercise for, 215-216 
risk factors for, 213 

Coronary heart disease (CHD) 
diet and, 201,202, 434, 435 
and HAART, 208, 413 
prevention of, 204, 205 
risk factors for, 160, 162, 193, 199, 431, 

433 
Corticosteroids 

and cancer risk, 247-248 
for carpal tunnel syndrome, 344 
for DR, 305,306 
and sexual dysfunction, 366 

Corticosterone in energy homeostasis, 90 
Corticotropin-releasing factor (CRF), 93 
Cortisol 

in the CNS, 177 
in obesity/hypertension, 176 
in PCOS, 261 

Corynebacterium spp., 385 
Costa Rica, obesity patterns in, 25 
Costimulatory molecules, 47 
Cotton-wool spots, 293, 296, 301 
Cow models, obesity, 41 
Cranial neuropathies, 345,390, 391 
Creatine kinase, 203 
Cred6 maneuver, 341 
CRH family of peptides, 93 
Cushing's syndrome, 176, 258,261,406 
Cyclic Vomiting Syndrome Association 

(CVSA), 518 
Cyclooxygenase-2 (COX-2) in diabetic 

retinopathy, 294-295, 308 
CYP17 gene expression in PCOS, 259 
Cyproterone acetate, 267 
Cystic fibrosis, 43 
Cystinosis, nephropathic (CTNS), 43 
Cytokines, see also Adipocytokines 

in diabetes type I, 47, 49 
in DR, 293 
in HIV, 208 
in leptin secretion, 56, 70, 73-74 
in metabolic syndrome, 161 
in obesity/hypertension, 176-177, 215 
in obesity treatment, 112 
m renal disease, 322, 325 
m UTIs, 379 
m wound healing, 354 

D 

D-chiro-inositolphosphoglycan mediators, 
269 

Da Qing Impaired Glucose Tolerance and 
Diabetes Study, 32 

Dairy products, 437, 446 
DAMAD Study Group, 295, 305,308 
Debridement, 355, 356, 384, 388 
Decongestants, 366 
Defibrotide for diabetic retinopathy, 308 
Dehydroepiandrosterone sulfate (DHEA-S), 

256, 258, 268 
Depression, 500 
Deptomycin, 383 
Dermagraft, 357, 358 
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Dermatophytosis (Tinea Pedis), 389 
Desogestrel, 267 
Dexfenfluramine, 164, 458 
Diabeta, s e e  Glyburide (Diabeta, Micronase, 

Glynase) 
Diabetes 

and breast cancer, 239 
cancer and, 234 
and carpal tunnel syndrome, 344 
colorectal cancer and, 242 
endothelial dysfunction in, 173-174, 178, 

180, 213-217 
and esophageal cancer, 245 
historical view of, 3-4, 6-8 
and kidney cancer, 243 
and obesity, 56-57, 230 
origins of, 5 
and pancreatic cancer, 244 
patterns of, adults, 26-29 
and prostate cancer, 241 
and PVD, 223-224, 227-229 
resources, 513-517,521-524 
risk 

and IGT, 118,217, 430, 457 
obesity, 29-30, 56-57, 117-118 

special issues in, 468 
treatment, 8, 414, 492 

Diabetes Action Research & Education 
Foundation, 514 

Diabetes Control and Complications Trial 
(DCCT), 207, 299,302, 337, 339 

Diabetes Exercise and Sports Association 
(DESA), 514 

Diabetes insipidus, 6, 8, 43 
Diabetes Institutes Foundation (DIF), 514 
Diabetes mellitus 

blindness and, 291,299 
classification of, 137 
complications of, 301,333, 351,429 
diagnosis/screening, 136-144 
economic costs of, 169 
and erectile dysfunction, 363 
fat distribution in, 120-121, 156 
genetic disorders including, 43-47 
genetic pathology of, 49-55 
gestational (GDM), s e e  Gestational 

diabetes mellitus (GDM) 
historical views of, 6, 7 
and hypertension, 171 
IGF/IGFR in, 53, 54, 121 
infections in, 377 

and IRS, 145 
natriuretic peptide system in, 174 
and obesity, 29-30, 56-57, 117-119, 171 
prevalence, 15, 27-29, 33, 39, 49 
risk factors 

dietary, 32, 56, 433-438,445,447 
lifestyle-related, 29-32, 431-432 
metabolic, 76 

type 1 
about, 27, 47-49, 207-208 
and exercise, 216 
glomerular hyperfiltration in, 324 
and hypertension, 171-173 
infections in, 390 
retinopathy in, 291-293, 299-303, 

305-308 
risk factors for, 282, 300, 335 
screening for, 137-138, 141,179, 283 

type 2 
about, 156, 158, 481-482 
ANP levels in, 174 
and cancer risk, 246-249 
in children/adolescents, 279-286 
CVD and, 160, 193 
endothelial dysfunction in, 214, 216 
insulin resistance in, 472, 473 
lipid guidelines for, 200 
metformin for, 474, 475,477,478, 480 
pathophysiology, 472 
and PCOS, 256, 263-264 
polyneuropathy in, 334 
prediction of, 118 
pregnancy and, 476, 479 
prevalence of, 214, 429, 450-451,471 
prevention, 287,430, 473 
risk factors for, 141,161,198, 221 
screening for, 137, 141,142, 283,287 
treatment, 164, 184, 203,283-286, 

306, 430, 472-481 
TZDs for, 474-477, 479, 480 

Diabetes Prevention Program 
on lifestyle modification, 138, 430, 447, 

473 
on weight reduction, 118,457,463 

Diabetic amyotrophy, 342-343 
Diabetic (db) mouse strain in obesity, 40 
Diabetic ketoacidosis, 377, 381,385, 390 
Diabetic lumbosacral radiculoplexus 

neuropathy, 342-343 
Diabetic peripheral neuropathy 

about, 333-336 
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diagnosis/evaluation of, 337-339, 353 
management, 339-341 
pathogenesis, 336-337 
proximal, 342-343 

Diabetic polyneuropathy, acute, 342 
Diabetic polyradiculopathy, 342-343 
Diabetic retinopathy (DR) 

about, 291-293, 309-310 
complications of, 302 
pathophysiology, 293-299 
prevention, 302-304 
risk factors for, 299-300 
screening, 300-301 
treatment, 304-309 

Diabetic Retinopathy Vitrectomy Study 
(DRVS), 305 

Diabinese, s e e  Chlorpropamide (Diabinese) 
Dicloxacillin, 388 
Didrex, s e e  Benzphetamine (Didrex) 
Diet, s e e  a l s o  Food intake; Food restriction; 

Nutrition 
and diabetes risk, 32, 56, 433-438,445, 

447 
as diabetes treatment, 414, 445-447 
for diabetic polyneuropathy, 340 
and dyslipidemia, 201-202 
endothelial function, improving, 216-217 
and hypertension, 182 
levels, sensing, 100 
for lipohypertrophy, 412 
obesity and, 42, 56, 278 
in PCOS treatment, 266 
portion-controlled, 446 
and renal disease, 326-327 
and sibutramine, 467 

Dietary Approaches to Stop Hypertension 
(DASH) diet, 182 

Dietary Guidelines for Americans, 522 
Diethylpropion (Tenuate), 458, 466 
Digestive Disease National Coalition 

(DDNC), 518 
Digestive process, discovery of, 7 
Digital subtraction angiography (DSA), 225, 

226, 228 
Digoxin, 366 
Dipeptidyl peptidase IV (DPP-IV), 505,506 
Diphenhydramine, 366, 367 
Dipyridamole Aspirin Microangiopathy of 

Diabetes [DAMAD] Study Group, 
295,305, 308 

Dipyridamole for DR, 305,308 

Diuretics in obesity treatment, 327 
Dog models, 321,324 
Domperidone for gastroparesis, 341 
Donohue syndrome, 45, 56 
Dopamine in energy homeostasis, 93-94 
Down syndrome, 137 
Doxium (Calcium dobesilate) for DR, 308 
DQ genes in diabetes type I, 48-49 
Drospirenone, 267 
Drugs, s e e  Medications; individual drug by 

name 
Duloxetine for diabetic polyneuropathy, 341 
Dumping syndrome, 491 
Dunnigan-type familial partial lipodystrophy 

(FPLD), 44, 56 
Duodenal switch, 489 
Dysautonomia, 335 
Dyslipidemia 

about, 193-197, 223,462 
atherogenic, 160 
cholesterols in, 197-202, 207, 209 
in HAART associated metabolic 

syndrome, 406-408 
HDLs in, 160 
HIV lipodystrophy and, 208-209 
LDLs in, 160, 202, 203,462 
mechanisms, 197-200, 434 
and PCOS, 209, 257, 265 
risk assessment, 463 
treatment, 200-209, 306-307, 412-415 

E 

Early Treatment Diabetic Retinopathy Study 
(ETDRS), 292, 293, 295,305, 308 

Eating behaviors, s e e  Diet; Nutrition 
Edex, s e e  Alprostadil (Caverject, Edex) 
Education and BMI, 18, 19 
Efavirenz, 406, 407, 411,414 
Effexor (Venlafaxine), 341,501 
Egypt, obesity patterns in, 25 
Elderly patients, hypertension in, 184 
Electromyography, 338 
EMD121974 for DR, 309 
Emphysematous cholecystitis, 392 
Emphysematous cystitis, 381,382 
Emphysematous pyelitis, 382 
Emphysematous pyelonephritis, 379-382 
Emtricitabine, 405 
End-stage renal disease (ESRD), 319, 325, 

s e e  a l s o  Renal disease 
Endocannabinoids, 504 
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Endocrine Society, The, 522 
Endocrine system in diabetes/hypertension, 

175-179 
Endometrial cancer 

diabetes and, 240 
and obesity, 237, 239-240 
prevention of, 267 
risk factors for, 247-249, 256, 257 

Endostatin for DR, 309 
Endothelial dysfunction in diabetes 

about, 173-174, 178, 180, 213-217 
in DR, 294 
and erectile dysfunction, 363,368 

Endothelin- 1 (ET- 1) 
and diet, 216-217 
for DR, 308 
insulin and, 298 
in obesity/hypertension, 178, 180 

Endothelium-dependent vascular reactivity, 
214 

Energy expenditure (EE) 
and carcinogenesis, 246 
components of, 99-101,103, 104 
goals of, 229 
measurement of, 102, 104 
models of, 103, 111 
in obesity development, 3, 8, 87 
in obesity treatment, 112-113 
regulation of, 71, 79, 102-112 

Energy homeostasis 
and adipose tissue, 88, 100, 102, 106, 282 
arcuate nucleus in, 88-90 
in BAT, 72, 100, 106-110 
and body weight, 431 
cholecystokinin in, 88, 89 
corticosterone in, 90 
enzymes in, 89, 108,282 
ghrelin in, 87, 88, 90 
GI tract in, 70, 77-79, 87-89 
insulin in, 77 
leptin in, 72, 73, 79, 87 
mitochondrial respiration, 101-102 
neuroanatomic structures in, 88-90, 92, 

100 
neuropeptide regulation of, 90-94, 105 
in obesity, 69-70, 87-88,229, 447,459 
pancreas in, 70, 77, 88 

Energy intake in obesity development, 3, 8 
eNOS 

and adiponectin, 74-75,178 
insulin and, 298 

and leptin, 321 
role of, 180-181 

Enterococcus spp., 377-378, 385 
Environment and obesity expression, 39-40, 

42, 278-279, 281 
Enzymes 

in energy homeostasis, 89, 108, 282 
and exercise, 285 
in lipid metabolism, 196-198 
in obesity, 70, 76 

Epalrestat (Kinedak) for diabetic 
retinopathy, 307 

Ephedrine in obesity treatment, 113 
EPIC-Norfolk Study, 434 
Epinephrine, 107, 286 
Eplerenone for hyperfiltration, 327 
Erectile dysfunction (ED) 

about, 363 
diagnosis/evaluation, 367-370 
pathophysiology, 364-367 
treatment, 341,370-374 

Erections, normal, 364 
ERK pathway in VEGF regulation, 297 
Erythromycin for gastroparesis, 341 
Escherichia coli, 378-381,384, 392 
Eskimos, diabetes patterns in, 434 
Esophageal cancer 

diabetes and, 245 
and obesity, 235,237,244-245 

Estrogens 
and cancer risk, 247 
and leptin secretion, 71 
in PCOS, 256, 259, 260 

ETDRS (Early Treatment Diabetic 
Retinopathy Study), 292, 293,295, 
305, 308 

Ethinyl estradiol, 267 
EUCLID study, 303,306 
Euglycemic hyperinsulinemic clamp, 146, 

147, 149, 261 
Europe 

cancer risk in, 245,246 
diabetes patterns in, 47 
insulin resistance in, 162 
metabolic syndrome in, 194, 462 
obesity patterns in, 18, 19, 23-24, 158 

European Prospective Investigation into 
Cancer and Nutrition, 238 

Evening primrose oil, 340 
Exenatide, 506 
Exendin-4, 505-506 
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Exercise 
and cancer risk, 246 
as CHD/CVD therapy, 215-216, 430- 

431,447 
in CNS regulation, 105 
and diabetes, 31, 32, 430--432 
as diabetes treatment, 414, 445-448,473- 

474, 481 
and dyslipidemia, 202 
and endothelial function, 215-216 
erectile dysfunction and, 363 
and genes in obesity, 42 
hormones and, 447 
and hypertension, 182 
and insulin sensitivity, 431 
for lipohypertrophy, 412 
and metabolic rate, 101 
in obesity treatment, 8-9, 164, 227, 284, 

285,287,465 
recommendations, 448, 451 
and weight gain/loss, 105-106, 278 

Extracellular matrix proteins in obesity, 70 
EYE001 (Macugen) for DR, 308 
Ezetimibe for dyslipidemia, 205 

F 

Facial paralysis, 345 
Family behavioral therapy in obesity 

treatment, 285 
Fas pathway (Apol/CD95) in diabetic 

retinopathy, 294 
Fasting plasma glucose measurement, 138, 

141,142 
Fat 

cells in obesity, 6 
dietary and diabetes risk, 433-434 
distribution 

age and, 462 
in diabetes mellitus, 120-121,156 
estimation of, 462 
and gene expression, 121 
in HAART associated metabolic 

syndrome, 406 
in hypertension, 171 
and insulin sensitivity, 120, 156 
measurement of, 130-135, 278 

metabolism of, 54, 108, 109 
utilization and ghrelin, 78 
visceral, 462 

Fat (fat) mouse strain, 40 
Fatty acids 

free, s e e  Free fatty acids (FFAs) 
metabolism of, 108, 109 
n-3,434-435 
trans, 435 
unsaturated, 434, 435,438 

Felodipine for diabetes, 184 
Felted-foam dressings, 356 
Fenfluramine, 458 
Fenofibrate 

for dyslipidemia, 204-206 
for hypertriglyceridemia, 413, 414 

Fibrates 
for dyslipidemia, 204-207,209 
for hypertriglyceridemia, 413-4 14 

Fibrin incrustation theory of atherosclerosis, 
222 

Fibrinogen 
in atherosclerosis, 222 
in PCOS, 265 

Fibrovascular traction, 302, 303, 305 
Finland 

metabolic syndrome in, 163 
obesity patterns in, 18-20 

Finnish Diabetes Prevention Study 
on diabetes risk factors, 31, 32, 430, 457 
on exercise, 182 
on metabolic syndrome, 463 

Fish oil 
in diabetes diet, 434-435 
for hypertriglyceridemia, 413 

Fluconazole, 366, 383 
Fluorescein angiography (FA), 301,304 
Fluoroquinolones, 380, 384, 388 
Fluoxetine (Saraprem, Prozac), 500-501 
Flutamide 

for PCOS, 266-268 
and sexual dysfunction, 366 

Fluvastatin for dyslipidemia, 203,206, 413 
Fluvoxamine (Luvox), 500, 501 
Foam cells, 223 
Focal photocoagulation, 304, 305 
Focal segmental glomerulosclerosis (FSGS) 

collapsing, 324 
idiopathic, 324 
and obesity, 319, 320, 324 

Food and Nutrition Information Center 
(FNIC), 522-523 

Food intake 
and exercise, 105 
in obesity development, 99, 103,459 
regulation of, 77, 78, 91, 93, 111,120 
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Food restriction 
and GALP expression, 93 
and leptin secretion, 71 
in obesity treatment, 8-9 

Foot pathology in diabetes 
about, 351 
etiology, 352-355 
infections, 384-388 
treatment, 355-358 

Forkhead box class O (FOXO) transcription 
factors 

in HAART associated metabolic syndrome, 
404, 408 

Fournier's gangrene, 383 
Framingham Study 

on diabetes risk, 31 
on obesity/hypertension, 170, 174 

France, obesity patterns in, 18-20, 24 
Free fatty acids (FFAs) 

and adiponectin levels, 74 
in HAART associated metabolic 

syndrome, 404 
and HBP, 80 
in insulin resistance, 198, 261,408 
and leptin secretion, 71, 72, 74 
in obesity, 118, 202, 215 
and TZDs, 415 
in WAT, 110 

Friedreich's ataxia, 44, 137 
Fruits 

and diabetes risk, 437 
dietary requirements for, 447 

FSGS, s e e  Focal segmental 
glomerulosclerosis (FSGS) 

FSIVGTT (frequently sampled iv glucose 
tolerance test), 146-147, 163 

Fungal cystitis, 382-383 
Fungal infections, 378,379 
Futile cycles in EE regulation, 108 

G 

Gabapentin for diabetic polyneuropathy, 341 
Galactosemia, 294 
Galanin, 91-92 
Galanin-like peptide (GALP), 93 
Gallbladder cancer and obesity, 235,237 
Ganciclovir in DR treatment, 309 
Gangrene, 225 
Gastric bypass, 490-492 
Gastric cancer and obesity/diabetes, 244-245 
Gastric inhibitory peptide described, 79 

Gastrointestinal (GI) tract in energy 
homeostasis, 70, 77-79, 87-89 

Gastrointestinal Research Foundation 
(GIRF), 519 

Gastroparesis, 341,367 
GDM, s e e  Gestational diabetes mellitus 

(GDM) 
Geldanamycin for DR, 298 
Gemfibrozil 

for dyslipidemia, 204-205 
for hypertriglyceridemia, 413,414 
and sexual dysfunction, 366 

Gene expression 
and body fat distribution, 121 
in Cushing's syndrome, 176 
in DR, 300 
in EE regulation, 108-109 
in hypertension, 181 
modulation of, 81 
in obesity, 278-279, 281,282 
studies defined, 59 

Gene therapy for DR, 309 
Genetics in research, 10-11 
Genome wide scan defined, 58 
Genomics defined, 58 
Gentamicin, 389 
Germany 

diabetes patterns in, 277 
obesity patterns in, 278 

Gestational diabetes mellitus (GDM) 
classification of, 137 
in PCOS, 263-264 
screening for, 141-144 

Ghrelin 
in energy homeostasis, 87, 88, 90 
for metabolic syndrome, 164 
models of, 78 
as obesity therapy, 504-505 
secretion in obesity, 41, 42, 77-78, 491 
Girls 
insulin resistance in, 162 
obesity patterns in, 22-26 

Glimepiride (Amaryl) 
for DM type 2, 474, 475 
for dyslipidemia, 206 

Glipizide (Glucotrol, Glucotrol XL) 
for DM type 2, 474, 475 
for dyslipidemia, 206 

Glomerular filtration rate changes in obesity, 
173, 203, 324 

Glomerulopathy, obesity-related, 324-325 
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Glomerulosclerosis, 174, 322, 326 
Glucagon, pancreatic, 468 
Glucagon-like peptide-1 (GLP-1), 78, 468, 

481,505, 506 
Glucagon receptor ( G C G R )  gene, 55 
Glucocorticoids 

and adiponectin, 409 
and CART expression, 92 
and leptin secretion, 71 
in obesity, 76 

Glucokinase ( G C K )  gene, 55 
Glucophage for dyslipidemia, 206 
Glucose 

control 
and ED, 368 
and immune function, 385 
insulin therapy for, 481 
and periodontitis, 393 
target goals for, 472-473 
and visceral fat, 462 

and diet, 216, 435 
discovery of in diabetes, 7-8 
and GALP expression, 93 
and HBP, 80 
homeostasis 

and alcohol, 433 
in HIV-associated metabolic 

syndrome, 408-4 11 
in metabolic syndrome, 264 
modulation of, 72, 121 
PI3-K pathway in, 54 
regulation of, 282 

intolerance and PCOS, 209, 257 
levels, normal, 472 
metabolism of, 108, 109, 146, 160 
and niacin, 205 
tolerance in diabetes development, 118, 

138, 159 
toxicity, 472 
transport of in diabetes mellitus, 53, 54 

Glucose transporter 4 (GLUT4), 404, 408 
t~-Glucosidase inhibitors 

for DM type 2, 474-476, 478 
for dyslipidemia, 206 

Glucotrol, see  Glipizide (Glucotrol, 
Glucotrol XL) 

Glucovance (Glyburide + Metformin), 478 
Glulisine, 479 
G L U T 1  gene in diabetes mellitus, 55 
Glyburide (Diabeta, Micronase, Glynase), 

see  a l so  Glucovance 

for DM type 2, 474, 475,478 
for dyslipidemia, 206 

Glycemia, testing for, 138-140 
Glycemic index (GI), 435,436 
Glycogen, discovery of, 8 
Glycosylated hemoglobin (HbAlc) 

about, 139-140, 142 
and CVD/CHD, 193 
diet and, 216-217, 436 
in DM type 2, 472, 473,476-479 
in emphysematous pyelonephritis, 381 
and niacin, 205 
retinopathy and, 299, 302-303 

Glycosylated serum proteins, 140 
Glynase, see  Glyburide (Diabeta, Micronase, 

Glynase) 
Glyset, see  Miglitol (Glyset) 
GnRH, see  Gonadotropin-releasing hormone 

(GnRH) 
Gonadotropin-releasing hormone (GnRH), 

258-260, 262 
Grafts 

in bypass procedures, 228,229 
for lipoatrophy, 412 

Grains and diabetes risk, 437,438, 447 
Greece, obesity patterns in, 24 
Growth factors 

in diabetes/hypertension, 174 
in HAART associated metabolic 

syndrome, 404 
for lipohypertrophy, 412-4 13 
in wound healing, 354-355 

Growth hormone (GH), 71 
Guanethidine, 366 
Guanfacine, 366 
Gynecomastia, 406 

I-I 

HAART associated metabolic syndrome, see  

Metabolic syndrome, HAART- 
associated 

Haplotype defined, 58 
Hbalc, see  Glycosylated hemoglobin 

(HbAlc) 
HDL-Atherosclerosis Treatment Study, 206 
Health-care expenditures, obesity-related, 22 
Health Professionals Follow-up Study 

on diabetes risk factors, 31, 117, 432, 434 
on prostate cancer, 241 

Heart, obesity/hypertension in, 179 
Heart Outcomes Prevention Evaluation, 306 
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Heart Protection Study (HPS), 204 
Helsinki Heart Study, 205 
Hemochromatosis, 44 
Hemodynamic theory of atherosclerosis, 222 
Hemorrhage in diabetic retinopathy, 302, 

304, 305,309 
Hepatic lipase (HL), 196, 197,265 
Hepatitis C, 408 
Hepatitis Foundation International (HFI), 

516 
Hepatomegaly, 407 
Herpes simplex virus in DR treatment, 309 
Hexosamine biosynthesis pathway (HBP), 

80 
HIF-1 in DR, 298 
High-density lipoproteins (HDLs) 

about, 196, 206 
and CHD, 194 
in dyslipidemia, 160 
in HAART associated metabolic 

syndrome, 407, 408,414 
in metabolic syndrome, 146, 148, 156, 

161,195 
in PCOS, 164, 265 
in polyneuropathy, 334 
as risk factor, 163 
and TZDs, 476 

Highly active antiretroviral therapy 
(HAART), 208, 209, 411, see also 
Metabolic syndrome, HAART- 
associated 

Hippocrates on obesity treatment, 5 
Hirsutism, 256, 257, 267 
Hispanics, hypertension in, 181,195 
HIV lipodystrophy and dyslipidemia, 208- 

209 
HLA, see human leukocyte antigen (HLA) 

genes 
HMG-CoA reductase inhibitors 

for DR, 306 
for dyslipidemia, 203-204, 206 
and fibrates, 205,207 
for PVD, 227 

Homeostasis assessment model (HOMA), 
147-149 

Hormone replacement therapy (HRT), 238, 
247 

Hormone-sensitive lipase (HSL), 196-198 
Hormones 

in energy homeostasis, 88-90, 93 
and exercise, 447 

GnRH, 258-260, 262 
HRT, 238, 247 
LH in PCOS, 257-259, 266 
MCH, 91 
in obesity, 70, 112-113 
SHBG, 256, 257, 259, 267, 268 
thyroid, 101,106-107, 112-113 

Hormonesensitive lipase gene (LIPE) in 
obesity, 42 

Human immunodeficiency virus (HIV), 403, 
404, 414 

Human leukocyte antigen (HLA) genes, 48- 
49, 58 

Human models 
adiponectin, 178, 410 
diabetes type I, 47-49 
diabetes type II, 54-55 
diabetic polyneuropathy, 339 
energy expenditure, 103, 111 
Exendin-4, 506 
ghrelin, 78 
leptin, 73, 74, 111,120, 468 
lipoatrophy, 409 
natriuretic peptide system, 174 
obesity, 41-42, 105 

Human Obesity Gene Map, 41 
Hunger, signaling, 41,100 
Huntington chorea, 137 
Hydralazine, 366 
Hydrochlorthiazide for diabetes, 183 
11 ~-Hydroxysteroid dehydrogenase type 1 

(1113-HSD1) 
in HAART associated metabolic 

syndrome, 404, 406, 415 
in obesity/hypertension, 76, 164, 176 
in PCOS, 261 

Hyperandrogenism 
hyperinsulinemia and, 259, 262 
metformin and, 164 
and obesity, 46 
in PCOS, 255, 256, 258-259 

Hyperangiotensinemia, 321 
Hyperbaric oxygen therapy, 388 
Hypercholesterolemia, 209, 323,407 
Hyperfiltration, obesity-induced, 322, 324, 

327 
Hyperglycemia 

and CVD, 171 
in diabetes/hypertension, 174, 472 
in DR, 297,299, 302-303 
HAART and, 411 
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historical view of, 7 
and hypertriglyceridemia, 207 
and polyneuropathy, 336, 337, 342, 385 
postprandial, 138, 139, 479 
and protease inhibitors, 408 
and sodium retention, 321 
treatment, 339 

Hyperhexosemia, 294 
Hyperinsulinemia 

about, 173, 175-176 
and cancer risk, 247, 248 
clinical presentation, 410, 411 
development of, 9, 10, 161 
as diabetes type 2 predictor, 118 
genes associated with, 44, 92 
and hyperandrogenism, 259, 262 
and insulin resistance, 50, 55, 144, 145, 

146, 148, 155, 156 
leptin therapy in, 498 
models of, 52 
mutations in, 92 
in obesity, 321-323 
and PAI-1 production, 120 
and PCOS, 255, 260, 261,267 
and SNS activation, 321 
weight loss and, 266 

Hyperleptinemia, 104, 321 
Hyperlipidemia 

and erectile dysfunction, 363 
in HAART associated metabolic 

syndrome, 407 
and leptin levels, 409 
leptin therapy in, 498 
in PCOS, 265 
and peripheral neuropathy, 337 
treatment, 326, 413414, 463, 492 
and visceral fat, 462 

Hyperphagia, 91 
Hypertension 

about, 169 
aldosterone in, 173,321,327 
and BMI, 170 
cytokines in, 176-177,215 
development, genetic basis of, 179 
diabetes mellitus and, 171 
and DR, 303 
and erectile dysfunction, 363, 367, 368 
genetic basis of, 181 
llI~-HSD1 in, 76, 164, 176 
hyperglycemia in, 174, 472 
ICAM-1 in, 214-215 

insulin resistance in, 175-176 
mechanisms of, 172-181, see also 

individual organ~system~substance 
by name 

microalbuminaria in, 319 
NHANES data on, 160, 161, 170 
in obesity, 170-171,173, 320-322, 324, 

463 
and PCOS, 209, 264 
treatment, 181-185, 327, 492 
VCAM-1 and, 173,214 
and visceral fat, 462 

Hypertension Optimal Trial (HOT), 183 
Hyperthyroidism, systemic, 106 
Hypertriglyceridemia 

about, 197-199 
and antiretrovirals, 208, 209 
genes associated with, 44 
in HAART associated metabolic 

syndrome, 407 
and insulin resistance, 161,198 
and MI/stroke risk, 163 
treatment, 413,414 

Hypocretins, 91 
Hypoglycemia 

AgRP expression in, 91 
and alcohol, 433 
cortisol response to, 261 
development of, 468, 472 
in ED, 370 
and insulin, 480, 481,506, 507 
and insulin sensitizers, 477479 
models of, 51, 52 
NPY expression in, 90 
risk factors for, 436 
treatment-induced, 335 

Hypogonadism and sexual dysfunction, 366 
Hypothalamus 

in energy homeostasis, 90, 100 
in feeding regulation, 79, 80 
in obesity development, 9 
PCOS abnormalities in, 257 

Hypoxia and VEGF expression, 296-298 

I 

Ideal body weight (IBW) described, 130- 
133 

IENF density analysis, 339 
IGF-binding proteins (IGFBPs) in PCOS, 

263 
IGFs (Insulin-like growth factors) 
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and cancer risk, 247, 248 
in PCOS, 262-263 
in VEGF regulation in DR, 297-298 

IGT, see Impaired glucose tolerance (IGT) 
IL4R gene in diabetes type I, 49 
Imipenem, 392 
Immune dysregulation, Polyendocrinopathy, 

Enteropathy, X-linked syndrome 
(IPEX, XPID), 43, 49 

Immunopathy, 385 
Impaired glucose tolerance (IGT) 

in children, 277, 280, 287 
and diabetes risk, 118, 217, 430, 457 
endothelial dysfunction in, 214 
evaluation of, 138, 139, 141,144, 157 
and HIV-associated metabolic syndrome, 

408, 411 
HOMA-1R values, 149 
in PCOS, 256, 257, 263, 281 
and peripheral neuropathy, 337, 338 
treatment, 138, 185,209, 414-415,430 

Impotence, see Erectile dysfunction (ED) 
India 

diabetes patterns in, 28, 29 
obesity patterns in, 21 

Indian Health Service (IHS), 515 
Indians, BMI values in, 462, see also Pima 

Indians 
Indinavir, 408, 411,414 
Indonesia, diabetes patterns in, 28, 29 
Infections in diabetics, see also individual 

disease by name 
about, 225,227, 229, 356-357, 377 
foot, 384-388 
limb-threatening, 388 

Infertility, 255-257 
Inflammation 

and adiponectin, 248 
in the diabetic foot, 354 
in diabetic retinopathy, 293-295 
in hypertension, 177 
and obesity, 161,323 
in proximal diabetic neuropathy, 343 
triggers for, 214 

Insulin 
AgRP and, 91 
and CART expression, 92 
and DR, 298, 299 
in energy homeostasis, 77 
fasting levels, 147-148 
gene in diabetes type I, 49 

inhibition of, 11, 40-42 
isolation of, 8, 10 
and leptin secretion, 71 
and orexins, 91 
and PAl-1,295 
and peripheral neuropathy, 337, 339 
for polyneuropathy, 342 
receptor in PCOS, 259 
resistance, see also Insulin resistance 

syndrome (IRS); Metabolic 
syndrome 

adipocytes in, 198, 213 
and adipose tissue, 56, 70-77, 282 
in adolescents, 162 
androgens in, 262 
and atherogenesis, 194 
and cancer risk, 247, 248 
and carbohydrates, 435--436 
in DM type 2, 472, 473 
FFAs in, 198, 261,408 
genetic disorders of, 46, 56 
in HIV-associated metabolic 

syndrome, 408-411,415 
and hyperinsulinemia, 50, 55, 144, 

145, 146, 148, 155, 156 
in hypertriglyceridemia, 161,198 
and insulin sensitizers, 477 
measurement of, 147, 158 
in obesity, 56, 74, 77, 79, 118-119, 

156, 176, 261-263 
and PCOS, 255,257 
predicting, 121,158, 160 
protease inhibitors and, 408 
and protein glycosylation, 80 
as risk factor, 156, 161,175-176 
rosiglitazone and, 415 
SNPs in, 57 
TNF-t~ and, 261 
treatment, 163-164, 209, 216, 326, 

414 
Type A, 46, 56 
in WAT, 409 

sensitivity 
adiponectin in, 178 
in adipose tissue, 158-160 
and alcohol, 433 
and BMI, 156, 158, 159 
and body fat distribution, 120, 156 
cholesterol and, 160, 163, 164 
diet and, 445 
evaluation of, 146--149 
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and exercise, 431 
and fats, 434 
11 [3-HSD 1, 76 
modulation of, 72, 119, 267 
and weight loss, 30-31, 74, 118, 158, 

159, 216 
signaling 

in obesity, 56 
in type 2 diabetes, 50-53 

and sodium retention, 321 
as therapy, 476, 478-482 

Insulin-dependent diabetes mellitus (IDDM) 
loci, 47-49 

Insulin glargine (Lantus), 479-481 
Insulin hypothesis of PCOS, 259-260 
Insulin-like growth factor/receptor (IGF/ 

IGFR), 53, 54, 121 
Insulin neuritis, 342 
Insulin Resistance Atherosclerosis Study 

(IRAS), 163 
Insulin resistance syndrome (IRS), see  a l so  

Metabolic syndrome 
about, 129, 130, 148 
diagnosis/screening, 144-149 

Insulin secretagogues, 474-476, 478 
Insulin sensitivity index (ISI), 146, 147 
Insulin sensitizers 

for DM type 2, 474, 476-478 
for PCOS, 266-268 

Integrins for diabetic retinopathy, 306, 309 
Intercellular adhesion molecule- 1 (ICAM- I) 

in diabetic retinopathy, 293-295 
and diet, 216-217 
in obesity/hypertension, 214-215 
and VEGF, 296 

Interleukin-2 (IL-2), 47 
Interleukin-6 (IL-6) 

about, 179 
and adiponectin, 409 
and endothelial dysfunction, 215 
in obesity, 70, 73-74, 119, 120 
in obesity/hypertension, 176 
in renal disease, 323 
in UTIs, 379 

Interleukin-8 (IL-8), 379 
Interleukin- 10 (IL- 10), 49 
Interleukin-12 (IL-12), 47 
Interleukin-13 (IL-13), 49 
Interleukins, 404 
Intermediate-density lipoproteins (IDLs) 

described, 196 

Intermittent claudication, 224, 227 
International Association for the Study of 

Obesity (IASO), 519 
International Diabetes Federation (IDF), 515 
International Foundation for Functional 

Gastrointestinal Disorders (IFFGD), 
519 

International Index of Erectile Function 
(IIEF), 368-370, 372 

International Obesity Task Force (IOTF), 22 
Intravenous glucose tolerance test (IVGTT), 

138 
Ion channels in energy homeostasis, 89 
Ionamine Slow Release, see  Phentermine 

(Adipex, Ionamine Slow Release) 
Iowa Women's Study, 434, 437 
Irbesartan for diabetes, 184 
Irbesartan in Diabetic Nephropathy Trial, 

184 
Ireland, obesity patterns in, 24 
Ischemia, 228,293, 302, 354, 385 
islets of Langerhans, discovery of, 8 
Isolated femoral neuropathy, 344 
Italy, diabetes patterns in, 28 
Itraconazole, 366, 389 

J 

JAK-STAT pathway, leptin induction of, 71, 
498, 499 

Jamaica, obesity patterns in, 25 
Japan 

diabetes patterns in, 28, 29 
hypertension in, 181 
obesity patterns in, 19-21,158 

Jejunoileal bypass, 488-489 
JNK pathway in DR, 298 
Joint mobility, restriction of, 353-354 
Joslin Diabetes Center, 515 
Juvenile Diabetes Research Foundation 

International (JDRF), 515 

K 

Ketoconazole, 366 
Kidney cancer 

diabetes and, 243 
and obesity, 235,237, 242-243,246, 326 

Kidneys 
diabetes/obesity and, 172-175 
dysfunction in obesity, 320-323 

Kinase insert domain-containing receptor 
(KDR), 295-296 
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Kinedak (Epalrestat) for diabetic 
retinopathy, 307 

K I R 6 . 2  gene in diabetes mellitus, 55 
Kiribat, obesity patterns in, 25 
Klebs i e l la  spp., 378-381,391 
Kleiber's Equation, 102 
Klinefelter syndrome, 137 
Kuopio Ischemic Heart Disease Risk Factor 

Study, 162, 163 

L 

Labetalol, 366 
Lactic acidosis, 412 
Lamotrigine for diabetic polyneuropathy, 

341 
Lantus (Insulin glargine), 479-481 
Laparoscopic adjustable gastric band, 490- 

491 
Large-fiber peripheral neuropathy, 335 
Laser Doppler flowmetry, 301,339 
Laser scatter photocoagulation, 304-306 
Late onset familial partial lipodystrophy 

(FPLD), 45, 56 
Latin America, obesity patterns in, 17, 24 
Laurence-Moon-Biedl syndrome, 137 
Lente, 479 
Leprechaunism, 45, 56 
Leptin 

about, 177,215 
AgRP and, 91 
and body weight, 108, 112, 120, 321 
and cancer risk, 248 
and CART expression, 92 
deficiency in obesity development, 11, 

40-42, 69-73, 103, 111 
in energy homeostasis, 72, 73, 79, 87 
and GALP expression, 93 
and HIV-associated metabolic syndrome, 

408-410, 415 
human models of, 73, 74, 111,120, 468 
JAK-STAT pathway, induction of, 71, 

498, 499 
levels, sensing, 100, 409 
for lipodystrophy, 411 
MAPK pathway, induction of, 71 
and MCH, 91 
in PCOS, 260 
PI3-K pathway, induction of, 71 
rat models, 177, 321 
and renal disease, 322 
resistance to, 104 

secretion 
cytokines in, 56, 70, 73-74 
factors affecting, 56, 71,160 
and FFAs, 71, 72, 74 

in SNS activation, 111,172, 177 
and TGF-[3, 322 
therapy, 121,468, 498499 

Leptin-melanocortin pathway in obesity, 40, 
41 

Leptin receptor (Lepr)  gene mutations in 
obesity, 40 

Leukemia and obesity, 235,237, 245,246 
Leutinizing hormone (LH) in PCOS, 257- 

259, 266 
Levitra, see  Vardenafil (Levitra) 
Levorotatory thyroxine, see  Thyroid 

hormones 
Levosulpiride for gastroparesis, 341 
Lidocaine for diabetic polyneuropathy, 341 
LIFE trial, 184 
Lifestyle modification, see  Exercise 
Limb mononeuropathies, 344-345 
Linezolid, 383 
Linkage analysis defined, 58 
Lipid theory of atherosclerosis, 222 
Lipids 

abnormalities in polyneuropathy, 334, see  

a lso  Dyslipidemia 
levels in DR, 303 
lowering agents 

as DR treatment, 306-307 
and oral hypoglycemics, 206 
for renal disease, 323 

Lipoatrophy, treatment, 411-412 
Lipodystrophy, 121, 403406, 498 
Lipohypertrophy, treatment of, 412-413 
ct-Lipoic acid, 340 
Lipolysis, 110, 111,113 
Lipoprotein lipase (LPL), 42, 196-198,265 
Lipoproteins, 195-197, see  a lso  High- 

density lipoproteins (HDLs); Low- 
density lipoproteins (LDLs); Very 
low-density lipoproteins (VLDLs) 

Liposuction, 164 
Lipotoxicity, 118, 323 
Liraglutide, 506 
Lispro, 479 
Lithuania, obesity patterns in, 24 
Liver 

cancer and obesity, 235,237, 245 
fatty acid oxidation in, 204 
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in glucose homeostasis, 54, 111-112 
Living skin equivalents (LSEs), 357-358 
Locus defined, 58 
LOD score defined, 58 
Look AHEAD trial, 431,450 
Lopinavir, 408 
Lorentz's formula, 133 
Losartan for diabetes, 184, 303 
Lovastatin for dyslipidemia, 203,208 
Low-density lipoproteins (LDLs) 

about, 195, 196, 204, 462 
and antiretrovirals, 408 
in atherosclerosis, 222 
and CHD risk, 204, 413 
and CVD risk, 194 
in DM type 1,208 
in dyslipidemia, 160, 202, 203,462 
in endothelial dysfunction, 215, 222 
and fish oil, 434 
and flutamide, 267 
in HAART associated metabolic 

syndrome, 407, 408, 413 
in hypertriglyceridemia, 199 
in infection, 407 
in injury response, 223 
in insulin resistance, 198 
and insulin sensitizers, 477 
in IRS, 148 
levels 

in DM type 2, guidelines, 200 
reduction of, 206, 209 

in lipid metabolism, 197 
in metabolic syndrome, 158 
niacin and, 205 
orlistat and, 468 
oxidized, 75, 160, 215,216 
and pioglitazone, 207 
and sibutramine, 201 
trans-fatty acids and, 435 
and triglycerides, 229 
and TZDs, 476-477 

Luvox (Fluvoxamine), 500, 501 
LY333531 (Ruboxistaurin) for diabetic 

retinopathy, 307 
Lymphangitis, 383 

M 

Macugen (EYE001) for DR, 308 
Macular edema, 293, 301-304, 306, 307 
Magnetic resonance angiography (MRA), 

225,226, 228 

Magnetic resonance imaging (MRI), 301,387 
Mahogany (mg) mouse strain, 40 
Major histocompatibility complex (MHC), 

47-49 
Malawi, obesity patterns in, 25 
Malignant external otitis, 391-392 
Malonyl-CoA described, 80, 111 
Mammalian target of rapamycin (mTOR), 

80-81 
Mandibuloacral dysplasia (MAD), 45, 56 
MAPK pathway 

adiponectin in, 75 
in DR, 298 
leptin induction of, 71 
resistin in, 75 

Marijuana, 366, 504 
Massachusetts Male Aging Study (MMAS), 

363 
Maternally Inherited Diabetes and Deafness 

(MIDD), 45 
Matrix metalloproteinases 

for DR, 309 
and endothelial dysfunction, 215 
in wound healing, 354 

Maturity-Onset Diabetes of the Young 1-6, 
45, 55 

Meat 
and diabetes risk, 436-438 
dietary requirements for, 447 

Medications 
classification of, 498 
cost of, 458 
under development, 498-508 
in obesity treatment, 458,466-468,497 
sexual function, affecting, 366 
and weight gain, 459 

Melanin-concentrating hormone (MCH), 91 
Melanocortin-4 receptor (MC4R) 

in energy homeostasis, 92, 105 
gene mutations in obesity, 40-42, 278 
as obesity treatment, 500 

Melanocortin receptor-3 (MC3R) 
in energy homeostasis, 92 
mutations in obesity, 42 
as obesity treatment, 500 

Melanocortins 
and body weight, 108 
in energy homeostasis, 92, 103 
in SNS activation, 172 

c~-Melanocyte-stimulating hormone (c~- 
MSH), 90-93 
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Meloxicam for diabetic retinal leukostasis, 
294 

Men 
aging, physiological changes in, 364, 366 
BMI values for, 457 
body fat distribution patterns in, 121 
cancer risk in, 235-236, 246 
claudication in, 224 
colorectal cancer in, 242 
diabetes patterns in, 27-28, 30, 241 
endothelial function, improving, 216 
IRS patterns in, 145 
microalbuminaria in, 319 
obesity/hypertension in, 171 
obesity patterns in, 17-19, 21, 22, 158 
pancreatic cancer in, 244 
renal cell cancer in, 326 

Menstrual irregularity in PCOS, 256, 257, 
267 

Meridia, see  Sibutramine (Meridia, Reductil) 
Meta-analysis defined, 58 
Metabolic syndrome, see  a lso  Insulin 

resistance syndrome (IRS) 
about, 155-156, 164-165, 194, 209, 223, 

264, 462-463 
classification of, 157, 194-195 
and CVD, 162-163, 165, 171 
HAART-associated 

about, 403-404, 415 
cholesterols in, 406-407,414 
dyslipidemia in, 406-408 
11[3-HSD1 in, 404, 406, 415 
lipid abnormalities in, 406-411,413, 

414 
NRTIs/NNRTIs, 404, 405,407, 414 
PPARy and, 404-406, 408-410, 414- 

415 
SREBP and, 404, 405, 407, 409, 410 
treatment, 411-415 

morbidity, 214 
pathophysiology of, 156-161,229, 279 
prevalence of, 161-162 
and PVD, 223 
treatment, 163-164, 216, 340, 447 

Metabolism, 101-102 
Metaglip (glipizide + metformin), 478 
Metastat for DR, 309 
Metformin, see  a l so  Glucovance 

about, 185,266-268 
for diabetes, 430 
for DM type 2, 474, 475,477, 478,480 

for dyslipidemia, 207 
for hypertriglyceridemia, 414 
for IGT, 138, 430 
for lipohypertrophy, 412 
and metabolic syndrome, 164 
for obesity, 497 
as obesity treatment, 286 
for PCOS, 260 

Methamphetamines, 458 
Methicillin-resistant S. a u r e u s  (MRSA), 383, 

384, 385 
c~-Methyldopa, 366 
Metiglinides 

for DM type 2, 474, 475 
for dyslipidemia, 206 

Metoclopramide 
for gastroparesis, 341 
and sexual dysfunction, 366, 367 

Metoprolol, 366 
Mexican-Americans, insulin levels in, 282 
Mexico, obesity patterns in, 17 
Mexilitene for diabetic polyneuropathy, 341 
M I C - A  gene in diabetes type I, 49 
MICRO-HOPE study, 184 
Microalbuminaria, 161,172-175,319, 323- 

324 
Microaneurysms, 293 
Micronase, see  Glyburide (Diabeta, 

Micronase, Glynase) 
Miglitol (Glyset) 

for DM type 2, 474--476 
for dyslipidemia, 206 

Mitochondria, respiration in, 101-102 
MONICA (Monitoring Trends and 

Determinants in Cardiovascular 
Disease) Project described, 18 

Monoamine oxidase inhibitors (MAOIs), 
467 

Monocyte chemoattractant protein- 1,223 
Monocyte chemoattractant protein- 1 (MCP- 

1), 74 
Morocco, obesity patterns in, 25 
Motivational interviewing, 449-450 
Motor neuropathy in foot ulceration, 353 
Mouse models 

adiponectin, 178, 410 
[3-adrenergic receptors, 93 
1 ll]-HSD1, 76, 176, 261 
bombesin, 507 
diabetic retinopathy, 294, 297, 298 
insulin deficiency, 77 
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leptin, 71, l l l ,  177, 248,322, 468 
lipoatrophy, 409 
MCH, 91 
melanocortins, 92, 105 
obesity, 40-41,105, 108 
resistin, 75 
S6K1, 80 
thermogenesis, 109 
type 2 diabetes, 50-54 

Mucor spp., 390 
Mucormycosis, 379, 390-391 
Multiple epiphyseal dysplasia, 43 
Multiple myeloma and obesity, 235,237, 

245 
Muscle, EE activity in, 111 
Mutations 

aromatase, 260 
in diabetes mellitus, 49-56, 282 
in diabetes mellitus type I, 47, 56 
in hyperinsulinemia, 44, 92 
in leptin/leptin receptor, 73, 120, 177 
in obesity, 40-42, 70-71,278 

Mycobacterium tuberculosis, 378 
Myocardial infarction 

acarbose and, 185 
and CHD, 160, 201,214 
and HDL, 163 
mortality rates, 193 
and omega-3 fatty acid, 202 
and ramipril, 183 

Myoinositol, 340 
Myositis, 203 
Myotonic dystrophy, 46, 137 

N 

Nateglinide (Starlix) 
for DM type 2, 474, 475 
for dyslipidemia, 206 

National Association to Advance Fat 
Acceptance (NAAFA), 519 

National Cancer Institute (NCI), 523 
National Center on Sleep Disorders 

Research, 523 
National Certification Board for Diabetes 

Educators (NCBDE), 515 
National Diabetes Education Program 

(NDEP), 515 
National Diabetes Information 

Clearinghouse (NDIC), 516 
National Digestive Diseases Information 

Clearinghouse (NDDIC), 519 

National Eating Disorders Association 
(NEDA), 519 

National Enhanced Cancer Surveillance 
System, 234, 245 

National Eye Institute (NEI), 516 
National Health and Nutrition Examination 

Survey, 437,457 
National Health and Nutrition Examination 

Survey (NHANES) 
on DM type 2 prevalence, 26-27 
on metabolic syndrome, 130, 145, 163, 

194, 195 
on obesity/diabetes, 171,487 
on obesity/hypertension, 160, 161,170 
on obesity prevalence, 16, 22-23 

National Heart, Lung, and Blood Institute 
(NHLBI), 523 

National Institute of Dental and Craniofacial 
Research, 517 

National Institute of Diabetes and Digestive 
and Kidney Diseases, 516 

National Institute on Aging (NIA), 523 
National Kidney and Urologic Diseases 

Information Clearinghouse 
(NKUDIC), 516 

National Kidney Foundation (NKF), 516 
Natriuretic peptide system, 174-175 
Nauru, obesity patterns in, 21 
NEAT, see Nonexercise activity 

thermogenesis (NEAT) 
Necrotizing fasciitis, 383-384 
Nelfinavir, 414 
Neovastat for DR, 309 
Nepal, obesity patterns in, 21 
Nephrectomy, 325,382 
Nephropathy 

diabetic, 172, 183, 300 
evaluation of, 368 
immunoglobulin A, 326 

Nephrosclerosis, 326 
Nephrotic syndrome, 324 
Nerve conduction studies, 338 
Nerve growth factors (NGFs), 337,340 
Neuropathy, 9, 225, 338,385, 388 

peripheral, see Diabetic peripheral 
neuropathy 

Neuropeptide Y (NPY) 
in homeostasis regulation, 90 
in obesity treatment, 468, 499-500, 505, 

506 
Neurotraumatic theory, 358 
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Neurovascular theory, 358-359 
Nevirapine, 407, 414 
New Zealand, obesity patterns in, 21 
NF-rd3 pathway, 173,298 
Niacin for dyslipidemia, 205,413, 414 
Nicotine in obesity treatment, 113 
NIDDM1 in diabetes mellitus, 55 
Nitrendipine for hypertension, 184 
Nitric oxide 

and adiponectin, 74 
and doxium, 308 
and endothelial function evaluation, 214- 

216 
functions of, 180-181 
and omega-3 fatty acid, 202 
in penis function, 364, 365 
and ROS generation, 174 

Nitric oxide synthase (NOS) 
gene mutations in obesity, 40 
in peripheral neuropathy, 337 
in PVD, 224 

NNRTIs (nonnucleoside reverse 
transcriptase inhibitors), 404, 405, 
407, 414 

Non-Hodgkin's lymphoma and obesity, 235, 
237, 245,246 

nonagouti gene mutations in obesity, 40 
Nonexercise activity thermogenesis 

(NEAT), 105, 106 
Nonproliferative diabetic retinopathy 

(NPDR), 291-292, 301,302, 304, 305, 
308 

Nonspecific mesenchymal hypothesis, 222 
Norepinephrine, 107, 172 
Norepinephrine uptake inhibitors, 340 
North American Association for the Study of 

Obesity (NAASO), 520 
North American Society for Pediatric 

Gastroenterology, Hepatology and 
Nutrition (NASPGHAN), 523 

Norway, obesity patterns in, 18, 20 
NPDR, see Nonproliferative diabetic 

retinopathy (NPDR) 
NPH (Neutral Protamine Hagedorn), 479- 

481 
NRTIs (nucleoside reverse transcriptase 

inhibitors) 
in HAART associated metabolic 

syndrome, 404, 405,407, 411 
Nurses' Health Study 

on cancer and diabetes, 242 

on diabetes and obesity, 30, 31, 117, 118, 
430--432 

on diet, 434-435 
on smoking, 432 

Nurses' Health Study II, 437, 438 
Nutrition, see also Diet 

availability and insulin resistance, 77 
and cancer risk, 238 
and intrauterine growth retardation, 162 
in obesity, 79-81,278, 284-287 
status, conveyance of, 88-89 
as therapy, 473-474, 481 

Nuts and diabetes risk, 437 

O 

ob gene, see also Leptin 
discovery of, 11, 71 
in obesity, 40, 111,278 

Obesity 
blood pressure and, 160-161,163 
breast cancer and, 234, 236, 238-240, 

246 
and cancer risk, 234, 238, 246-249 
and carpal tunnel syndrome, 344 
classification of, 132, 133, 459 
colorectal cancer and, 235,236, 241-242, 

246 
complications of, 431,487 
defined, 99, 117, 158, 213-214, 278 
development, see also Energy 

expenditure (EE) 
energy expenditure (EE), 3, 8, 87 
and energy intake, 3, 8 
food intake and, 99, 103,459 
genetic basis of, 179 
hypothalamus in, 9 
leptin deficiency in, 11, 40-42, 69-73, 

103, 111 
risk factors for, 279 
SNS in, 172 
and weight gain, 103 

and diabetes mellitus, 29-30, 56-57, 
117-119, 171 

as diabetes risk factor, 29-30, 56-57, 
117-118 

in diabetic foot pathology, 351 
diagnosis/screening, 129-136, 458-460 
economic costs of, 22, 169 
endothelial dysfunction in, 214 
and esophageal cancer, 235,237, 244- 

245 
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evaluation of, 135-136, 158 
gene expression in, 278-279, 281,282 
genetic pathophysiology of, 39-47 
historical view of, 3, 5-7 
hypertension in, 170-171 
insulin resistance in, 56, 74, 77, 79, 118- 

119, 156, 176, 261-263 
and insulin sensitizers, 477 
and IRS, 145 
kidney cancer and, 235,237, 242-243, 

246 
kidney dysfunction in, 319-326 
leukemia and, 235,237, 245,246 
Non-Hodgkin's lymphoma and, 235,237, 

245, 246 
origins of, 4-5 
ovarian cancer and, 237, 246 
and pancreatic cancer, 236, 237, 243-244 
patterns of, see individual country by 

name; individual gender or age 
group by name 

and PCOS, 256, 257, 260-261,269 
in polyneuropathy, 334 
prevalence, 15-16, 22-26, 33, 39, 69, see 

also individual country by name 
prevention, 287 
and proteinuria, 325 
and renal disease, 319-326 
resources, 517-524 
as risk factor, 221 
screening for, 136, 283 
syndromes including, 43-47 
treatment, see also Bariatric surgery 

about, 458, 465 
children/adolescents, 283-286 
dietary, 446 
diuretics for, 327 
and DM type 2, 476 
EE in, 112-113 
historical, 8-10 
pharmacological, 463-465 
risk evaluation in, 463 

Obstructive sleep apnea 
in obesity, 319 
and PCOS, 265-266 
treatment, 492 

Octreotide for DR, 309 
Oculomotor neuropathies, unilateral, 345 
Olive oil and endothelial function, 217 
Omega-3 fatty acids, 202, 413 
Opioids for diabetic polyneuropathy, 340 

Optical coherence tomography (OCT), 301 
Oral contraceptives 

and breast cancer risk, 247 
and PCOS, 266-268 

Oral glucose tolerance test, 138, 141,142, 
144, 267 

Oral hypoglycemics 
for dyslipidemia, 206 
for polyneuropathy, 342 
and PVD, 224 

Orexigenic pathways in homeostasis 
regulation, 90-92 

Orexins, 91 
Orlistat (Xenical) 

about, 467--468 
ADRs, 465,467 
in DM type 2 treatment, 473 
in obesity treatment, 164, 185,200, 466, 

497, 498 
Osteomyelitis, 225,386--389, 391,392 
Ovarian cancer 

and obesity, 237, 246 
risk factors for, 247-248 

Ovarian hypothesis for PCOS, 259 
Ovaries, polycystic, 257, 259 
Overeaters Anonymous (OA), 520 
Overweight 

and cancer, 234 
defined, 23, 25, 117, 134-135,214, 234, 

278 
nephropathy and, 326 

Oxidative phosphorylation, 101-102, 110, 
112 

Oxycodone CR for diabetic polyneuropathy, 
341 

Oxygenation, changes in, 301 
Oxyntomodulin, 78, 505 

P 

Pain, treatment of, 340, 341 
Pakistan, diabetes patterns in, 28 
Pancreas 

in energy homeostasis, 70, 77, 88 
injury to in diabetes, 8 
ligation procedure, 8, 10 
transplantation as therapy, 339 

Pancreatic cancer 
diabetes and, 244 
and obesity, 236, 237, 243-244 

Pancreatitis, 208 
Pantothenic acid, 340 
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Papavarine for ED, 372-373 
Papillary necrosis, 381 
Papua New Guinea, obesity patterns in, 21 
Paraventricular nucleus in energy 

homeostasis, 88-90, 92 
Paronychia, 389 
Paroxetine for diabetic polyneuropathy, 341 
Patient-centered counseling, 450 
Patient Outcome Research Team (PORT) 

scoring system, 379 
P450c 17ct expression in PCOS, 259 
PCOS, s e e  Polycystic Ovary Syndrome 

(PCOS) 
P C S K 1  gene in obesity, 42 
PDE5 inhibitors, contraindications, 371 
PDGF, s e e  Platelet-derived growth factor 

(PDGF) 
PDR, s e e  Proliferative diabetic retinopathy 

(PDR) 
Pedal bypass procedure, 228-230 
PEDCS (Pittsburgh Epidemiology of 

Diabetes Complications Study), 299 
Pediatric/Adolescent Gastroesophageal 

Reflux Association (PAGER), 520 
Pedorthic Footwear Association (PFA), 517 
Pegvisomant for DR, 309 
Penbutolol, 366 
Penicillins, 384, 387-388 
Penile implants for erections, 374 
Penis functions, normal, 364 
Pentamidine, 408 
Pentoxifyllin for DR, 308-309 
Peptide YY (PYY) 

about, 78 
in energy homeostasis, 87, 90 
as obesity treatment, 505,506 

Peptostreptococci, 386 
Perilipin ( P L I N )  gene mutations in obesity, 40 
Periodontitis, 392-393 
Peripheral vascular disease (PVD) 

clinical presentation, 224-225 
diabetes and, 223-224, 227-229 
in the diabetic foot, 354, 384 
diagnosis, 225-226 
and metabolic syndrome, 223 
prevention, 230 
risk factors for, 221,227,230 
treatment, 226-229 

Peroneal mononeuropathy, 344-345 
Peru, obesity patterns in, 25 
Peyronie disease, 368 

Pharmacogenomics defined, 59 
Phendimetrazine (Bontril, Prelu-2), 466 
Phentermine (Adipex, Ionamine Slow 

Release), 458, 466, 497 
Phentolamine (Bimix) for ED, 373, 374 
Phosphodiesterase type III (PDE III) 

inhibitors, 227 
Phosphorylation, oxidative, 101-102, 110, 

112 
Physical activity, s e e  Exercise 
Physicians and behavior modification, 450 
Physicians' Health Study, 241 
PI3-K pathway 

adiponectin in, 74, 75, 178 
in DR, 298 
in insulin signaling, 53, 54 
leptin induction of, 71 

Pig models, obesity, 41 
Pigment epithelium-derived factor (PEDF), 

309 
Pima Indians 

diabetes patterns in, 472 
EE patterns in, 103 
hypertension in, 181 
insulin levels in, 282 
obesity patterns in, 103-105, 117-118 
weight loss in, 30 

Pimagedine for diabetic retinopathy, 307 
Pindolol, 366 
Pineal hyperplasia, 46 
Pioglitazone (Actos) 

for DM type 2, 474-476, 480 
for dyslipidemia, 206, 207,414 
for hypertension, 185 
for lipoatrophy, 411 
for PCOS, 268 

Piperacillin, 384 
Pittsburgh Epidemiology of Diabetes 

Complications Study (PEDCS), 299 
Pituitary gland, PCOS abnormalities in, 257, 

258 
PKC412 for diabetic retinopathy, 307 
PKC inhibitors for diabetic retinopathy, 307 
Plantar pressures, 351,353 
Plasminogen activator inhibitor 1 (PAl- 1) 

about, 178 
in diabetic retinopathy, 295 
in HAART associated metabolic 

syndrome, 407 
in leptin secretion, 56 
in metabolic syndrome, 161 
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in obesity, 75-76, 119, 120 
in PCOS, 265 

Platelet-derived growth factor (PDGF) 
in diabetes/hypertension, 174 
in diabetic retinopathy, 295, 309 
in injury, 222 
in wound healing, 354-355 

Platelets in diabetic retinopathy, 295 
Plavix, see Clopidogrel (Plavix) 
Pneumonia, 379 
Pneumonococcus spp., 377-378 
Polarnestat for diabetic retinopathy, 307 
Polycystic Ovary Syndrome (PCOS) 

about, 255-257, 269 
androgens in, 255, 256, 258-260, 262 
cortisol in, 261 
diagnosis, 258 
and DM type 2, 256, 263-264 
dyslipidemia, 209, 257, 265 
genetic basis of, 46 
glucose intolerance and, 209, 257 
HDLs in, 164, 265 
11~-HSD1 and, 261 
hyperandrogenism in, 255,256, 258-259 
hyperinsulinemia and, 255,260, 261,267 
hypertension and, 209, 264 
and IGT, 256, 257, 263, 281 
leptin in, 260 
LH in, 257-259, 266 
metabolic complications of, 263-265 
obesity and, 256, 257, 260-261,269 
pathophysiology, 258-263 
pituitary gland abnormalities in, 257, 258 
pregnancy and, 263 
SHBG in, 256, 257, 259, 267, 268 
testosterone in, 257, 266-268 
treatment, 266-269 

Polymethylmethacrylate beads, 389 
Polymorphism defined, 59 
Polymorphonuclear (PMN) leukocyte 

dysfunction, 379 
Polynesians, obesity patterns in, 21 
Polyneuropathy 

autonomic, 335, 340-341,353 
diabetic, 339-342 
HDLs in, 334 
hyperglycemia and, 336, 337, 342, 385 
lipid abnormalities in, 334 
obesity in, 334 

Polyol pathway in peripheral neuropathy, 
336-337, 340 

Pooling Project of Prospective Studies of 
Diet and Cancer, 238 

Porphyria, 137 
Portugal, obesity patterns in, 24 
Posaconazole, 390 
PPAR~ (peroxisome proliferator-activated 

receptor ct), 204 
P P A R G  gene in obesity, 42 
PPARy (peroxisome proliferator-activated 

receptor 7) 
in diabetes mellitus, 55, 164 
for DR, 309 
in EE regulation, 108, 111 
in HAART associated metabolic 

syndrome, 404-406, 408-410, 414- 
415 

in hypertension, 185 
and leptin secretion, 71 
in obesity, 42, 56-57, 70, 77, 121,323, 

327 
Prader-Willi syndrome, 42, 103, 137 
Prandin, see Repaglinide (Prandin) 
Pravastatin, 203,208, 209, 413 
Prazosin, 366 
Precose, see Acarbose (Precose) 
Pregabalin for diabetic polyneuropathy, 341 
Pregnancy 

diabetes screening in, 142, 144, 301 
DM type 2/obesity treatment, 476, 479 
and GDM, 141 
and obesity, 130, 131,287 
OGTT and, 138 
and PCOS, 263 
and PDR, 300 

Prelu-2, see Phendimetrazine (Bontril, Prelu- 
2) 

President's Council on Physical Fitness and 
Sports, 520 

Pressure reduction in foot ulceration 
treatment, 355-356 

Priapism, 373 
Primate models, VEGF, 296 
Progesterones 

and cancer risk, 247, 248 
in PCOS, 256 

Proliferative diabetic retinopathy (PDR), 
291,292, 296, 297, 299-302, 304, 305 

Promelanin-concentrating hormone (PMCH) 
gene mutations in obesity, 40 

Propiomelanocortin (POMC) 

in energy homeostasis, 92, 93 
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gene mutations in obesity, 4042 
Propranolol, 366, 367 
Prostacyclin 

for DR, 308 
production of, 180 

Prostaglandins in diabetic retinopathy, 294, 
297 

Prostate cancer 
diabetes and, 241 
and obesity, 236, 240-241 
risk factors for, 248 

Protease inhibitors (PIs), 208, 209 
in HAART associated metabolic 

syndrome, 404-407,414 
and insulin resistance, 408 

Protein diets and obesity, 446 
Protein Kinase C I]-Inhibitor Diabetic 

Retinopathy Study (PKC-DRS), 307 
Protein kinase C (PKC) 

in diabetes/hypertension, 174 
inhibitors, in DR treatment, 307 
in obesity, 80 
in penis function, 364 
in peripheral neuropathy, 337 
and VEGF expression, 297,298 

Proteinuria 
and diabetic retinopathy, 299 
in obesity, 319, 322, 324, 325 
treatment, 323, 326 

Proteomics defined, 59 
Proteus spp., 380, 381,385,391 
Proton cycling, 108 
Proximal motor neuropathy, 342-343 
Prozac (Fluoxetine, Saraprem), 500-501 
Pseudoephedrine, 367 
Pseudomonas aeruginosa, 378, 381,385, 

391,392 
Pseudomonas cepacia, 391 
Psychotherapy in obesity treatment, 285 
Pulse-volume recordings (PVR), 225,226 
PVD, see Peripheral vascular disease (PVD) 
Pyomyositis, 384 

Q 

QTL (Quantitative trait locus) defined, 59 
Quantitative insulin sensitivity check index 

(QUICKI), 147, 148 
Quantitative sensory testing (QST), 338 
Quatar, obesity patterns in, 25 

R 

RAAS system activation in 
hyperinsulinemia, 175 

Rabbit models, hypertension, 179 
Rabson-Mendenhall syndrome, 46, 56 
Radioimmunoassay, history of, 10 
Ramipril for diabetes, 183 
Random plasma glucose measurement, 138 
rapamycin (sirolimus), 80 
RAS activation 

in metabolic syndrome, 164 
in obesity, 76, 173,322, 324, 327 

Rat models 
diabetic retinopathy, 294 
endothelial dysfunction, 216 
inflammation, 323 
leptin, 177, 321 
natriuretic peptide system, 174 
obesity, 41,216, 327 
ovarian cysts, 260 
TNF-~, 178 
topiramate, 503 
TZDs, 185 

Reactive oxygen intermediates (ROIs), 297 
Recidivism in obesity treatment, 458,464- 

465 
Recombinant human PDGF-BB (rhPDGF- 

BB, Becaplermin), 357 
Reductil, see Sibutramine (Meridia, 

Reductil) 
Reduction of Endpoints in NIDDM Study, 

184 
Refeeding edema, 321 
Relapse in obesity treatment, 458, 464-465 
Renal disease 

and bacteremia, 380 
cancer, see Kidney cancer 
cytokines in, 322, 325 
and diabetic retinopathy, 299 
leptin and, 322 
management, 323, 325-327 
obesity and, 319-326 
obesity medications and, 478 
TNF-~ in, 323 

Renin in obesity, 76, 173 
Repaglinide (Prandin) 

for DM type 2, 474, 475 
for dyslipidemia, 206 

Reserpine, 366, 367 
Resistin 

about, 177-178 
in obesity, 75, 120 
regulation of, 415 

Resources, 513-524 
Respiration in mitochondria, 101-102 



Index 5 51 

Respiratory tract infections in diabetes, 378- 
379 

Response to injury hypothesis, 222-223 
Resting metabolic rate (RMR) described, 

101,103 
Retina 

detached, treatment, 309 
hemorrhaged, 296 
normal, 292 

Retinal pigment epithelial (RPE) cells, 297, 
298, 309 

Retinopathy, diabetic, see Diabetic 
retinopathy (DR) 

Retroviral vectors in DR treatment, 309 
Rhabdomyolysis, 203 
Rhizomucor spp., 390 
Rhizopus spp., 390 
Rimonabant (Acomplia), 164, 468, 504 
Ritonavir, 407, 414 
Rodent models, see also Mouse models; Rat 

models 
AgRP, 90 
13-adrenergic receptors, 133 
CART expression, 92 
IL-6 deficiency, 73 
leptin administration, 71 
thermogenesis, 109 

Rogers syndrome, 46 
Rosiglitazone (Avandia), see also 

Avandamet 
for DM type 2, 474-476, 479 
for dyslipidemia, 206, 209, 414 
for hypertension, 185 
and insulin resistance, 415 
for lipoatrophy, 411, 412 
for PCOS, 268 
for renal disease, 323 

Roux-en-Y gastric bypass, 490-492 
Rubeosis, 302 
Ruboxistaurin (LY333531) for diabetic 

retinopathy, 307 
Russian Federation 

diabetes patterns in, 28 
obesity patterns in, 25-26 

S 

$6 kinase 1 (S6K1) protein, activation of, 80 
Salmonella enteritidis, 378 
Samoa, obesity patterns in, 21 
Saraprem (Fluoxetine, Prozac), 500-501 
Scandinavian Simvastatin Survival Study 

(4S), 204 

Scanning laser ophthalmoscopy, 301 
Scattered laser photocoagulation, 304-306 
E-Selectin and diet, 216-217 
Self-monitoring, 448, 449 
Sensory neuropathy in foot ulceration, 352 
Sepsis, 388 
Serotonin (5-HT) in energy homeostasis, 93 
Serotonin uptake inhibitors 

for diabetic polyneuropathy, 340, 341 
as obesity treatment, 500-501 
and sexual dysfunction, 366, 367 
and sibutramine, 467 

Sertraline (Zoloft), 500, 501 
Serum proteins, glycosylated, 140 
Sex hormone-binding globulin (SHBG), 

256, 257, 259, 267,268 
Sexual Encounter Profile (SEP), 368, 370, 

372 
Shape Up America!, 520 
SHBG, see Sex hormone-binding globulin 

(SHBG) 
Short-gut syndrome, 488 
Sibutramine (Meridia, Reductil) 

about, 466-467 
ADRs, 465,467 
in DM type 2 treatment, 473 
in obesity treatment, 113, 164, 185,200, 

458, 497, 498 
Sildenafil (Viagra) for impotence, 341,370- 

372, 374 
Simvastatin 

for DR, 306-307 
for dyslipidemia, 203, 206, 208 

Single nucleotide polymorphisms (SNPs), 
57, 59 

Sirolimus (rapamycin), 80 
Skin and soft-tissue infections, 378, 383- 

384, 389 
Skin necrosis, 228 
Skinfold thickness, measurement of, 135,278 
SLC2A1 gene in diabetes mellitus, 55 
Sleep apnea 

in obesity, 319 
and PCOS, 265-266 
treatment, 492 

Slit diaphragm, 322-323 
Small-fiber peripheral neuropathy, 335 
Smoking 

diabetes and, 430, 432--433 
and PVD, 227, 230 

SNPs, see single nucleotide polymorphisms 
(SNPs) 
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Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES), 521 

Soda and diabetes risk, 437, 438 
Sodium cycling, 108, 320-321,324 
Soft drinks and diabetes risk, 437,438 
Somatostatin analogs for DR, 309 
Sorbinil for diabetic retinopathy, 307 
Sorbitol, 336 
South Africa, obesity patterns in, 25 
Soy protein and endothelial function, 217 
Spironolactone, 366 
Spironolactone for PCOS, 266-267 
Squamous cell carcinoma, 244 
SREBP (sterol regulatory element binding 

protein), 404, 405,407,409, 410 
Stages of Change model, 450 
Staphylococcus  aureus,  377-378, 381,383- 

385,387, 391 
Staphylococcus  spp., 377-378 
Starlix, see Nateglinide (Starlix) 
Starvation and leptin secretion, 71, see also 

Food restriction 
STAT pathway, 299, 498, 499 
Statins, see HMG-CoA reductase inhibitors 
Stavudine, 405, 411 
Stearoyl CoA desaturase (SCD), 112 
Stein-Leventhal syndrome, 46 
Sterol inhibitors for dyslipidemia, 205 
Streptococcus  group B spp., 377-378, 381, 

383,385, 387 
Stroke, 163, 183,202, 204 
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Study to Prevent Non-Insulin-Dependent 

Diabetes Mellitus (STOP-NIDOM), 
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Sudomotor sympathetic function, evaluation 
of, 338-339 

Sugar 
and diabetes risk, 437,438 
dietary requirements for, 447 
post-surgery, 491 

Suicide genes, 309 
Sulfonylureas 

and alcohol, 433 
for DM type 2, 474-476 
for dyslipidemia, 206, 207 
as obesity treatment, 506 

SUR1 gene in diabetes mellitus, 55 

Sweden, obesity patterns in, 18, 20 
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Sympathetic nervous system (SNS) 

activation of, 92, 100, 103, 105 
in EE regulation, 106-108, 113 
in hypertension, 172 
and leptin, 111,172, 177 
in obesity, 320-321,324 

Sympathomimetics in obesity treatment, 113 
Syndromes with obesity phenotype, 43-47 
Systolic Hypertension in Europe Trial, 184 
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T-cell receptors, 47 
Tadalafil (Cialis), 341,371,372, 374 
Tamsulosin, 372 
Tazobactam, 384 
Television watching 

as diabetes risk factor, 31, 431-432 
as obesity risk factor, 278,282, 431-432 

Tenofovir, 405 
Tenuate, see Diethylpropion (Tenuate) 
Terazosin, 372 
Terbinafine, 389 
Testosterone 

and adiponectin, 409 
for ED, 370 
in PCOS, 257,266-268 

Tetrahydrolipstatin, see Orlistat (Xenical) 
The Netherlands, obesity patterns in, 18-20 
The Society for Surgery of the Alimentary 
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Theophylline, 366 
Thiamin-responsive megaloblastic anemia 

syndrome, 46 
Thiamine, 340 
Thiazide diuretics, 183,366 
Thiazolidenediones (TZDs) 

about, 164, 185 
and adiponectin, 410 
for DM type 2, 474--477,479, 480 
for dyslipidemia, 206-207, 209, 414-415 
for lipoatrophy, 411, 412 
for PCOS, 268-269 

Thrifty gene hypothesis, 104 
Thyroid gland, 9 
Thyroid hormones 

in metabolism, 101,106-107 
in obesity treatment, 112-113 

Ticlopidine for diabetic retinopathy, 308 
Tie-angiopoietin system drugs for DR, 309 
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Tinea Pedis (Dermatophytosis), 389 
Tissue loss in PVD, 225 
Tissue perfusion, 226 
Tissues, thermogenic, 109-112 
Tobramycin, 389 
Topiramate (Topamax), 341,468, 502-504 
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Tramadol for diabetic polyneuropathy, 341 
Tranquilizers, 366 
Transforming growth factor-~ (TGF-[3) 

in diabetes, 47, 174 
leptin and, 322 
in obesity/hypertension, 173 
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Trial of Antihypertensive Interventions and 

Management, 182 
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Tricyclic antidepressants 

for diabetic polyneuropathy, 340, 341 
as obesity treatment, 500 
and sexual dysfunction, 366, 367 

Triglycerides 
and CVD/CHD risk, 194 
in dyslipidemia, 197-199 
Ezetimibe and, 205 
and FFA levels, 118 
in HIV, 208 
in lipoproteins, 195-196 
lowering, 202 
and statins, 203 

Triiodothyronine, see  Thyroid hormones 
Trimethoprim/sulfamethoxazole (TMP/ 

SMZ), 380, 388 
Trimix for ED, 373, 374 
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for IGT, 138, 209 
in PCOS, 260, 269 
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Tubby candidate (Tub)  gene mutations in 
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Tubby (tub) mouse strain, 40 
Tuberculosis, 378 
Tubuloglomerular feedback loop in sodium 

cycling, 321,324 
Tumor neurosis factor-cz (TNF-¢x) 

about, 178-179 
and adiponectin, 409 
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and endothelial dysfunction, 215 
in HAART associated metabolic 

syndrome, 404 
in insulin resistance, 261 
and leptin secretion, 56, 57, 71 
in obesity, 70, 73-74, 119, 120 
in obesity/hypertension, 173, 176 
regulation of, 415 
in renal disease, 323 

Turner syndrome, 137 
Type A insulin resistance, 46, 56 
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UKPDS, see  United Kingdom Prospective 
Diabetes Study (UKPDS) 

Ulcers, foot development of, 351 
Ulnar mononeuropathy, 344 
Ultralente, 479 
Ultrasonography, high-resolution, 214 
Uncoupling proteins (UCPs) 

in EE regulation, 109-110, 112 
in mitochondrial metabolism, 102 

United Kingdom, obesity patterns in, 18, 20 
United Kingdom Prospective Diabetes Study 

(UKPDS), 183, 184, 193,300, 326, 
472, 477 
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United States 
cancer risk in, 246 
diabetes patterns in, 26-28, 117, 136, 

158, 162, 230, 471 
IRS patterns in, 145 
obesity patterns in, 16-17, 22-26, 33, 69, 

104, 117, 162, 221,230, 457 
pancreatic cancer in, 243 
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Urinary tract infections in diabetes, 378-383 
Uruguay, obesity patterns in, 25 
US Department of Agriculture (USDA), 524 
US Food and Drug Administration (FDA), 
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US Government's Food Safety Web Site, 
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US Diabetes Prevention Project, 32 
Uzbekistan, obesity patterns in, 25 
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Vaccination for diabetics, 379 
Vacuum devices for erections, 373 
Vaginitis, 389 
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Evaluation trial, 184 
Valsartan for diabetes, 184 
Vancomycin, 383,389 
Vardenafil (Levitra), 341, 371,372, 374 
Vascular cell adhesion molecule- 1 (VCAM- 1) 

in diabetic retinopathy, 295 
in injury, 222-223 
in obesity/hypertension, 173,214 

Vascular endothelial growth factor (VEGF) 
in diabetic retinopathy, 293-299, 307- 

309 
in wound healing, 354-355 

Vascular system 
obesity/hypertension in, 180 
peripheral neuropathy in, 336 

Vegetables 
and diabetes risk, 437,438 
dietary requirements for, 447 

Venlafaxine (Effexor), 341,501 
Vertical banded gastroplasty, 490 
Very low-density lipoproteins (VLDLs) 

about. 195, 196, 198, 199, 204, 206 
and CETP agonists, 207 
and cholesterol production, 204 
in DM type 1,208 
in HAART-associated metabolic 

syndrome, 407, 414 
in hypertriglyceridemia, 199 
in insulin resistance, 198 
and insulin sensitizers, 414 
levels, reduction of, 206, 209 
in lipid metabolism, 197 
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Veterans Affairs-High-Density Lipoprotein 
Cholesterol Intervention Trial, 205 
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Vitamin B 12, 340 
Vitamin D receptor gene in diabetes type I, 

49 
Vitamin E 

for diabetic polyneuropathy, 340 
for diabetic retinopathy, 308 

Vitaxin, 309 
Vitrectomy, 304, 305 
VNTR (Variable number tandem repeats) 

defined, 59 
Voriconazole, 390 
Vpr protein, 408 
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W 

Waist circumference (WC) 
and CRP, 176 
in IRS, 146 
measurement of, 135, 156, 278 
in obesity treatment, 462, 463 

Waist-to-hip (W/H) circumference ratio 
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measurement of, 135, 156, 278 

WAY- 121,509 for diabetic retinopathy, 307 
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and cancer risk, 242, 244-245,249 
and CVD risk, 430-431 
gain 

as diabetes risk factor, 29-30, 117,445 
medications associated with, 459 
and metabolic syndrome, 161 
norepinephrine levels in, 172 
in obesity development, 103 
pregnancy and, 130, 131 
resistance and MCH, 91 
SNS activity and, 108 

loss, s e e  a l s o  Bariatric surgery 
and adiponectin levels, 74 
as diabetes risk factor, 30-32, 118 
and dyslipidemia, 201 
and hypertension, 182, 185 
and insulin sensitivity, 30-31, 74, 118, 

158, 159, 216 
and leptin secretion, 71 
and metabolic syndrome, 164 
and PCOS, 266 
rate of, 458 
and renal disease, 326-327 
successful, 105,431,438,447,448, 

451 
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normal defined, 234 
regulation of, 104-106, 108, 109, 120, 
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Weight-control Information Network (WIN), 

521 
Weir's Equation, 102 
Wellbutrin (Bupropion, Zyban), 468, 501 
Werner syndrome, 46, 56 
WESDR (Wisconsin Epidemiological Study 

of Diabetic Retinopathy), 207, 291- 
293, 299 

Western Pacific, obesity patterns in, 19-21 
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in EE regulation, 100, 110, 286 
HSD1 in, 176 
insulin resistance in, 409 
leptin production by, 498 
and nutritional status, 88 
resistin in, 75 
SREBP-lc in, 409 

Wilson-Turner syndrome, 42 
Wisconsin Epidemiological Study of 

Diabetic Retinopathy (WESDR), 207, 

endothelial function, improving, 216 
IRS patterns in, 145 
leptin therapy in, 499 
microalbuminaria in, 319 
obesity/hypertension in, 171, 179 
obesity patterns in, 17-22, 158 
pancreatic cancer in, 244 
renal cell cancer in, 326 

Women's Health Initiative, 242 
Women's Ischemia Syndrome Evaluation 
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Wounds in foot ulceration, 352, 354-355, 
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Wolcott-Rallison syndrome, 43 
Wolfram syndrome, 43, 137 
Women 

anabolic steroids in, 413 
bacteriuria in, 379, 380 
BMI values for, 457 
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X-rays in infection diagnosis, 387 
Xenical, s e e  Orlistat (Xenical) 

Y, Z 

body fat distribution patterns in, 121 
cancer risk in, 236-238, 245-247 
claudication in, 224 
colorectal cancer in, 242 
diabetes patterns in, 27-28, 30, 141-142, 
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diabetes screening in, 142-143 

Yohimbine, 372 
Zidovudine, 411 
Zoloft (Sertraline), 500, 501 
Zonisamide (Zonegran), 468, 501-502 
Zyban (Bupropion, Wellbutrin), 468,501 
Zygomycetes, 378, 390 
Zygomycosis, 390-391 




