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Dedications

Laura dedicates this book to her husband, Steven, and her daughters,
Erin and Jillian. Jerrilynn dedicates this book to the thousands of
patients with kidney disease who will benefit from the information
embedded in these pages. The goal is to improve the health and
well-being of patients with kidney disease through optimal nutritional
practices.



Series Editor’s Introduction

The Nutrition and Health™ series of books have, as an overriding
mission, to provide health professionals with texts that are considered
essential because each includes: (1) a synthesis of the state of the
science, (2) timely, in-depth reviews by the leading researchers in their
respective fields, (3) extensive, up-to-date fully annotated reference
lists, (4) a detailed index, (5) relevant tables and figures, (6) identifi-
cation of paradigm shifts and the consequences, (7) virtually no overlap
of information between chapters, but targeted, inter-chapter referrals,
(8) suggestions of areas for future research, and (9) balanced, data-driven
answers to patient /health professional questions that are based upon the
totality of evidence rather than the findings of any single study.

The series volumes are not the outcome of a symposium. Rather,
each editor has the potential to examine a chosen area with a broad
perspective, both in subject matter as well as in the choice of chapter
authors. The international perspective, especially with regard to public
health initiatives, is emphasized where appropriate. The editors, whose
trainings are both research and practice oriented, have the opportunity
to develop a primary objective for their book, define the scope and
focus, and then invite the leading authorities from around the world
to be part of their initiative. The authors are encouraged to provide
an overview of the field, discuss their own research, and relate the
research findings to potential human health consequences. Because
each book is developed de novo, the chapters are coordinated so that
the resulting volume imparts greater knowledge than the sum of the
information contained in the individual chapters.

Nutrition in Kidney Disease edited by Laura Byham-Gray, Jerrilynn
Burrowes, and Glenn Chertow is a very welcome addition to the
Nutrition and Health™ series and fully exemplifies the series’ goals.
This volume is especially timely as over 10% of the US adult
population currently suffers from chronic kidney disease and the
number is expected to increase as the major comorbidities, obesity and
diabetes, continue to increase around the world. As only one example
cited in this critically important volume, even though 7% of the adult
US population has diabetes, 54% of the patients on kidney dialysis
have diabetes.



viii Series Editor’s Introduction

This text has many unique features, such as highly relevant case
studies, that will help to illustrate the complexity of treating the patient
with kidney disease and/or reduced kidney function. However, the
volume is also relevant for the non-practicing healthcare providers as
there are in-depth discussions of the basic functioning of the kidney,
demographics of the different kidney diseases, and conditions that
affect the kidney. There are also clear, concise recommendations about
dietary intakes and use of drugs and supplements across the stages of
kidney disease. Thus, this volume provides the broad knowledge base
concerning kidney anatomy, physiology, and pathology required by the
practicing health professional as well as those professionals who have
an interest in the latest, up-to-date information on the consequences
of loss of kidney function, treatment of kidney disease, and disease
implications on morbidity and mortality.

Nutrition in Kidney Disease serves a dual purpose of providing in-
depth focus on the nutritional aspects of treating individuals throughout
the lifespan who have lost some or all of their kidney functions as well
as examining the current clinical modalities used in treating kidney
disease and the consequences of the treatments on nutritional status.
The book is organized as a stand-alone text that provides the historic
beginnings of nutritional interventions in patients and reflects upon the
necessity of these historic practices even today in developing countries
where dialysis and/or kidney transplants, expensive drugs, and other
disease management tools are not readily available and medical nutri-
tional support remains the primary care available to patients with
kidney disease.

The three editors of this volume, Laura Byham-Gray, Jerrilynn
Burrowes, and Glenn Chertow, are internationally recognized leaders
in the fields of clinical nutrition and renal disease research, treatment,
and management. Each has extensive experience in academic medicine
and collectively, they have over 500 peer-reviewed publications and
numerous awards for their efforts to improve the care of those with
kidney disease. The editors are excellent communicators and they
have worked tirelessly to develop a book that is destined to be the
benchmark in the field of nutrition and kidney disease because of
its extensive, in-depth chapters covering the most important aspects
of the complex interactions between kidney functions, diet, obesity,
cardiovascular disease, autoimmune disease, and diabetes as examples,
and the impact of loss of kidney function on other disease states.
Additionally, the nutritional consequences of loss of kidney function
in infants, children, pregnant women, and the aged are examined in
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depth in separate chapters that also include potential solutions to the
nutritional deficits specific for those with kidney dysfunction.

Nutrition in Kidney Disease contains 25 chapters and each title
provides key information to the reader about the contents of the chapter.
In addition, each chapter begins with a list of concise learning objec-
tives as well as key words. The introductory chapters provide readers
with the basics so that the more clinically related chapters can be easily
understood. The editors have chosen 46 well recognized and respected
chapter authors who have included complete definitions of terms with
the abbreviations fully defined for the reader and consistent use of
terms between chapters. Key features of this comprehensive volume
include the eleven case studies at the end of the relevant chapters and
the inclusion of the answers to the case study questions at the end of the
book. The volume includes over 100 detailed tables and informative
figures, an extensive detailed index, and more than 1500 up-to-date
references that provide the reader with excellent sources of worthwhile
information. Moreover, the final chapter contains a comprehensive list
of resources in print as well as via the internet including a complete
listing of the practice guidelines that have been developed under
the auspices of the National Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative (KDOQI); protocols from the American
Dietetic Association concerning nutrition therapy for the non-dialysis
patient; tables of general as well as specific nutrient contents of foods
for individuals with different stages of kidney disease; an extensive
list of reliable internet sites as well as examples of relevant assessment
tools for the health provider.

Unique to this volume is the inclusion of chapters dealing with
prevention as well as treatment of kidney disease. The text is divided
logically into five consistently organized parts: I. Foundations for
clinical practice and overview that contains information about kidney
function, historic perspective of nutritional support for kidney disease
patients, demographics, and overall assessment tools; II. Chronic
kidney disease (CKD) during stages 1—4 in adults that contains a first
section on disease prevention and the role of hypertension, diabetes,
and dyslipidemias in increasing the risk of kidney disease development
and nutritional strategies that can reduce this risk. In section 2, nutri-
tional and pharmacological treatment of individuals with stages 1-4
kidney disease is reviewed. Part III, Stage 5 chronic kidney disease, is
also divided into two sections with treatment options of dialysis and
transplant examined with respect to the nutritional needs and conse-
quences. Section 2 looks at the most commonly seen management
issues in patients with end stage renal disease and includes chapters on
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protein-energy malnutrition, nutrition support, anemia management,
bone and mineral consequences, and other chronic diseases seen in
CKD patients. Part IV delves into the nutritional needs of patients
that have CKD and become pregnant, those that have kidney malfor-
mations or malfunction in infancy, childhood, or adolescence, or at
the end of life in section 1. Section 2 includes separate chapters on
acute renal failure, nephritic syndrome, and kidney stones. The final
Part V: Additional nutritional considerations in kidney disease contains
individual chapters on dietary supplements, compliance with dietary
programs, the value and complexities of outcomes research, and the
extensive chapter on resources for the practitioner. Thus, there is no
question about the comprehensive coverage of the complex field of
nutrition and kidney disease that is found in this important volume.

In conclusion, Nutrition in Kidney Disease edited by Laura
Byham-Gray, Jerrilynn Burrowes, and Glenn Chertow provides health
professionals in many areas of research and practice with the most
up-to-date, well referenced volume on the importance of defining
the nutritional status of the patient with decreased kidney function
regardless of cause and the critical value of medical nutrition evalu-
ation, treatment support, and management for patients with CKD and
related chronic diseases that can affect human health. This volume will
serve the reader as the benchmark in this complex area of interrela-
tionships between diet, supplements, specific nutritional products for
enhancing kidney function, and the functioning of all organ systems
that are intimately affected by renal disease. Moreover, these physi-
ological and pathological interactions are clearly delineated so that
students as well as practitioners can better understand the complex-
ities of these interactions. The editors are applauded for their efforts
to develop the most authoritative resource in the field of “Nutrition
in Kidney Disease” to date and this excellent text is a very welcome
addition to the Nutrition and Health™ series.

Adrianne Bendich, PhD, FACN



Foreword

The interrelationship between nutrition and chronic kidney disease
(CKD) is one that has enticed scientists, physicians, and nutritionists
from all over the world. No other disease entity draws the same
intensity of study and interdisciplinary treatment as CKD. There are so
many facets to address: definition of normal function and metabolism,
identification of abnormalities and their consequences, what inter-
vention to provide and how. Each component, basic science, medicine,
and nutrition, involves a spectrum of investigation and/or treatment that
is all encompassing, with the goal of forestalling progression of disease
and allowing continuation of life. The interdisciplinary requirement
for successful treatment and management of the individual with CKD
is another unique attribute of this amazing field.

The text Nutrition in Kidney Disease edited by Byham-Gray,
Burrowes, and Chertow well exemplifies this description of the CKD
specialty. This outstanding book includes information from the many
areas that impact the individual with CKD. There are sections on CKD
epidemiology, pathophysiology, metabolism, and diet therapy. The
chapters are written by experts in the field. The authors provide insight
into these areas as well as state-of-the-art information for students,
professionals, and other healthcare professionals interested in nutrition
and kidney disease.

This complex discipline simplifies to one element: the individual
patient. Individualizing the diet and the treatment leads to the response
of maximizing positive outcomes. Nutrition in Kidney Disease provides
vital information to provide exceptional care for extraordinary people:
individuals living with CKD.

D. Jordi Goldstein-Fuchs, DSc, RD

Kidney Nutrition Specialist, Sparks Dialysis, Sparks, NV
Co-Editor-In-Chief, Journal of Renal Nutrition
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Preface

The field of kidney disease has evolved over the years to encompass
a broad and sophisticated knowledge base. There has been a prolifer-
ation of scientific information and technical advances in the field. The
clinician involved in the care of patients with kidney disease must have
a vast knowledge of nutrition management of the disease. The purpose
of this book is to provide a comprehensive reference on the practice of
nutrition in kidney disease. It is our belief that this book will become
a useful reference and tool for the practicing clinician in the fields of
nutrition and nephrology, as well as other disciplines whose research,
practice, and education includes nutrition and kidney disease. This
book will also be a current resource for undergraduate and graduate
level nutrition and allied health profession students, medical students
and residents, nutrition and allied health clinicians, including general
practitioners, nephrologists, educators, and researchers.

ORGANIZATION AND CONTENT

Nutrition in Kidney Disease is organized into five sections with a
variable number of chapters based on breadth and depth of information.
Part I addresses kidney function in health and disease. It provides a
historical perspective of the emerging science in nutrition in kidney
disease over the past several decades, and it defines and forecasts health
care trends and outcomes in kidney disease. A comprehensive review
of the components of the nutrition assessment is also provided. In Parts
IT and III, in-depth information on the prevention of common disorders
associated with chronic kidney disease, current treatment options based
on the latest scientific evidence, and management of comorbidities such
as protein-energy malnutrition, anemia, and bone disease are covered.
Part IV presents the nutrition concerns of special needs popula-
tions such as through the life cycle—pregnancy, infancy, childhood,
adolescence and the elderly, and nutrition management of disorders
such as acute kidney injury, nephrotic syndrome, and nephrolithiasis.
Part V addresses additional nutritional concerns in kidney disease such
as complementary and alternative medicine, cultural issues affecting
dietary adherence, and outcomes research.

xiii



Xiv Preface

In an attempt to make this volume as practical as possible, a wide
variety of tables, resources, practical tools, clinical practice guidelines,
and Internet websites are compiled into one chapter.

FEATURES

The chapters in this textbook have been designed with special
features to enhance learning. Each chapter begins with an abstract,
key words, learning objectives, and a content outline, and ends with a
summary. Up-to-date references for more in-depth review are included
at the end of each chapter. This list provides the clinician and student
with an extensive source of reading for continued study. In addition,
several chapters end with a case study, which can be used to assess
knowledge of the content area within the context of didactic curricula.
These provide thought-provoking, illustrative questions that will add
to the student’s learning and clinical application of the material. The
answers to the case studies are provided at the end of the book. The
problems posed in these chapters enable the clinician and the student
to apply the chapter material to “real-life” nutrition-related problems.

The chapters have been written by a collaborative group of distin-
guished dietitians and physicians in the specialized field of kidney
disease and clinical nutrition who have devoted their careers to the care
of patients with kidney disease. This collaborative effort is a testament
to the interdisciplinary approach that is used to provide care to this
unique patient population. It is our belief that this book will be used
to guide and enhance the care of the patients we serve.

Laura D. Byham-Gray, PhD, RD
Jerrilynn D. Burrowes, PhD, RD, CDN
Glenn M. Chertow, MD, MPH



Disclaimer

Considerable attention has been taken to confirm the accuracy of
the information presented and to describe generally accepted practices.
However, the authors, editors, and publisher are not responsible for
errors or omissions or for any consequences from application of the
information in this book and make no warranty, expressed or implied,
with respect to currency, completeness, or accuracy of the contents
of the publication. Use of such information in a particular patient
care situation remains the professional responsibility of the respective
practitioner.

The authors, editors, and publisher have exerted every effort to
ensure that drug selection and dosage indicated in this text are in
accordance with current recommendations and practice at the time
of publication. However, in view of ongoing research, changes in
government regulations, and the constant flow of information relating
to drug therapy and drug reactions, the reader is to check the package
insert for each drug for any change in indications and dosage and for
added warnings and precautions. This is particularly important when
the recommended agent is a new or infrequently employed drug.

Some drugs presented in this book have Food and Drug Adminis-
tration (FDA) clearance for limited use in restricted research settings.
It is the responsibility of the health care provider to ascertain the FDA
status of each drug planned for use in their clinical practice.
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1 Kidney Function in Health

and Disease

Alluru S. Reddi and Kishore
Kuppasani

LEARNING OBJECTIVES

1. Describe the gross and microscopic structure of the kidney.

2. Discuss the various functions of the normal kidney.

3. Define and discuss the various renal syndromes, such as acute kidney
injury, chronic kidney disease, nephrotic and nephritic syndromes,
tubulointerstitial diseases, and vascular diseases of the kidney.

Summary

The kidneys are paired organs located retroperitoneally in the lumbar region
and perform three major functions: (i) maintenance of fluid and acid-base
balance; (ii) removal of nitrogenous waste products; and (iii) synthesis of
hormones, such as renin, erythropoietin, and active vitamin D, (calcitriol). The
functional unit of the kidney is the nephron, which consists of a renal corpuscle,
the proximal tubule, the loop of Henle, the distal tubule, and the collecting duct.
The renal corpuscle consists of the glomerulus and Bowman’s capsule. Plasma
is filtered in the glomerulus to form protein-free ultrafiltrate. About 60% of
this ultrafiltrate is reabsorbed in the proximal tubule. The loop of Henle partici-
pates in countercurrent multiplication of urine concentration. The distal tubule
generates hypotonic fluid in the tubular lumen, causing hypertonic medullary
interstitium. The collecting duct plays an important role in potassium (K*)
secretion, urinary acidification, and water reabsorption in the presence of antid-
iuretic hormone. When the structure of the kidney is disturbed by a pathologic
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process, its functions are altered. These changes in the kidney result in an
increase in serum creatinine levels (e.g., acute kidney injury, chronic kidney
disease, or tubulointerstitial disease), proteinuria (e.g., nephrotic syndrome), and
hematuria (e.g., glomerulonephritis). Also renal vasculature is affected, causing
hypertension and thrombotic microangiopathies.

Key Words: Nephron; glomerulus; renal function; chronic kidney disease;
nephrotic syndrome; nephritic syndrome.

1. INTRODUCTION

The kidneys perform three major functions (/). As regulatory
organs, the kidneys precisely control the composition and volume of the
body fluids and maintain acid-base balance as well as blood pressure
by varying the excretion of water and solutes. As excretory organs,
the kidneys remove various nitrogenous metabolic end products in
the urine. In general, the kidneys filter plasma in the glomerulus to
form a protein-free ultrafiltrate. This ultrafiltrate passes through the
various tubular segments where reabsorption of essential constituents
and secretion of unwanted products occur. As endocrine organs, the
kidneys produce important hormones, such as renin, erythropoietin,
and active vitamin D; (calcitriol). In addition, the kidneys participate
in the degradation of various endogenous and exogenous compounds.
In order to understand these functions, it is essential to examine the
gross and microscopic structure of the kidneys.

1.1. Anatomy of the Kidney

The kidneys are paired, bean-shaped structures located retroperi-
toneally in the lumbar region, one on either side of the vertebral column
(1-3). The lateral edge of the kidney is convex, while the medial aspect
is concave with a notch called the hilum. The hilum receives the blood
and lymphatic vessels, the nerves, and the ureter. The hilum contains
a cavity, the renal sinus, where the ureter expands to form the renal
pelvis. The normal adult kidney is about 10-12 cm long, 5-7 cm wide,
and 2-3 cm thick, and it weighs 125-170 g.

Each kidney is composed of the parenchyma and the collecting
system. The parenchyma consists of an outer cortex and an inner
medulla. The medulla is divided into an outer (toward the cortex) and
an inner medulla (toward the pelvis). The collecting system includes
the calyces, renal pelvis, and the ureters. The major calyces unite to
form the renal pelvis. The renal pelvis drains into the ureter, which
connects the kidney to the bladder.
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The basic structural and functional unit of the kidney is the nephron.
There are about 600,000 (range 300,000-1,400,000) nephrons in each
kidney. Each nephron contains specialized cells that filter the plasma,
then selectively remove, reabsorb, and secrete a variety of substances
into the urine. The nephron consists of a renal corpuscle, the proximal
tubule, the loop of Henle, and the distal tubule. The collecting duct
is not part of the nephron because it is embryologically derived from
the ureteric bud, whereas the nephron is derived from the metanephric
blastema. However, the collecting duct is commonly included in the
nephron because of its related function.

1.2. Renal Corpuscle

The renal corpuscle consists of the glomerulus and Bowman’s
capsule. Generally the term “glomerulus” is widely used for the entire
corpuscle. The glomerulus is composed of a capillary network lined by
an inner thin layer of endothelial cells: a central region of mesangial
cells surrounded by collagen-like mesangial matrix, and an outer layer
of visceral epithelial cells. The endothelial and epithelial cells are
separated by the glomerular basement membrane (GBM).

The GBM is a dense fibrillar structure, which is the only anatomical
barrier between blood and urine. Biochemical studies of the GBM
showed that it contains predominantly type IV collagen, proteoglycans,
and laminin. Collagen provides the structural framework, whereas
proteoglycans, such as heparan sulfate, confer a negative charge to
the GBM. Because of this negative charge, filtration of albumin
is curtailed. The Bowman’s capsule, which is a double-walled cup
surrounding the glomerulus, consists of an outer layer of parietal
epithelial cells. Between the visceral epithelial and parietal epithelial
cells is a space called Bowman’s space. The glomeruli are located
exclusively in the cortex, which undergo pathologic changes in several
disease conditions.

The endothelial cells line the glomerular capillaries and are
separated by large (70 nm) fenestrations. These fenestrations limit
filtration of only cellular elements such as erythrocytes but not water
or proteins. The epithelial cells, also called podocytes, represent the
visceral layer of the Bowman’s capsule. The podocytes have foot
processes that cover the GBM. These foot processes are separated by
a thin diaphragmatic structure called the slit diaphragm or slit pore.

The renal corpuscle is responsible for the ultrafiltration of the blood,
which is the first step in urine formation. In this process, medium and
small sized molecules are allowed to pass through into the Bowman’s
space, while large sized molecules, such as proteins, are left behind.
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To enter the Bowman’s space, the ultrafiltrate must pass through the
fenestrae of the endothelial cells, the layers of the basement membrane,
and the slit diaphragms of the foot processes.

1.3. Proximal Tubule

The Bowman’s capsule continues as the proximal tubule, which
is lined by cuboidal or columnar cells with a brush border on their
luminal surface. The brush border consists of millions of microvilli,
which markedly increase the surface area available for the absorption
of solutes and water through cells (transcellular transport) or between
cells (paracellular transport) or both. The proximal tubule reabsorbs
about 60% of the ultrafiltrate. Several electrolytes (Na*, K*, CI,
HCO; ), minerals (Ca*", HPO;~) amino acids, glucose, and water are
reabsorbed in the proximal tubule. Also, secretion of organic acids and
bases occur in the proximal tubule. The proximal tubule is susceptible
to insults such as renal ischemia and nephrotoxins, resulting in altered
kidney function.

1.4. Thin Limb of Henle’s Loop

The proximal tubule continues into the medulla as the thin
descending limb of Henle’s loop. The loop then bends back and
becomes the thin ascending limb of Henle’s loop. The thin descending
limb is more permeable to water and less permeable to NaCl. As
a result, water moves into the interstitium and makes the ultrafil-
trate more concentrated than in the proximal tubule. In contrast, the
thin ascending limb is impermeable to water, but permeable to NaCl.
Therefore, the ultrafiltrate becomes dilute and the medullary inter-
stitium hypertonic. Thus, the thin descending and ascending limbs
participate in the countercurrent multiplication of the urinary concen-
tration process.

1.5. Distal Tubule

The distal tubule includes the thick ascending limb of Henle’s
loop and the distal convoluted tubule. The thick limb runs from the
medulla into the cortex up to its parent glomerulus, where it forms
the macula densa, a component of the juxtaglomerular apparatus that
secretes renin. The thick ascending limb of Henle’s loop is responsible
for the reabsorption of Na*, K*, and Cl~ in the ratio of 1:1:2. The
reabsorption of these electrolytes is dependent on the Na/K-ATPase
located in the basolateral membrane. NaCl reabsorption also occurs
in the distal convoluted tubule. Both segments of the distal tubule
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are normally impermeable to water, and thus the fluid formed in the
distal tubule is hypotonic. The impermeability of the distal tubule
to water, combined with active transport of Nat and Cl~ out of the
thick ascending limb, makes the medullary interstitium hypertonic.
The distal tubule is connected to the collecting duct by the connecting
tubule.

1.6. Collecting Duct

Depending on its location in the kidney, the collecting duct can
be divided into the cortical, outer medullary, and inner medullary
portions. The epithelium of the collecting ducts contains two types
of cells: principal (65%) and intercalated (35%) cells. The principal
cell is the predominant type of cell lining the collecting duct system.
In the cortical collecting duct, principal cells are responsible for K*
secretion and Na™ reabsorption. This function is only partly regulated
by aldosterone, because some of the cells are capable of Kt secretion
in the absence of this hormone. Intercalated cells are involved in H*
ion and HCO;5 secretion. Transport of water occurs in all segments
of the collecting duct in the presence of the antidiuretic hormone or
vasopressin. Figure 1 summarizes the functions of various segments
of the nephron.

1.7. Interstitium

The renal interstitium, a space between tubules, is comparatively
sparse. It increases from the cortex to the medulla. In humans, the
fractional volume of the cortical interstitium ranges from 12% in
younger individual to 16% in older subjects. In the medulla, the inter-
stitial volume increases from the outer to the inner medulla in the
range of 4 to approximately 30%.

Two types of interstitial cells have been described in the cortex: type
1 cortical interstitial cell, which resembles a fibroblast, and type 2 inter-
stitial cell with mononuclear or lymphocyte-like structure. Between
the cells is a space that contains collagen and fibronectin. It is believed
that the peritubular fibroblast-like interstitial cells secrete erythro-
poietin. Type 2 interstitial cells are believed to represent bone marrow-
derived cells. Three types of interstitial cells have been described
in the medulla. None of these cells is the site of erythropoietin;
however, some cells (type 1 medullary interstitial cell) contain lipid
droplets, which are believed to have hypotensive effects. All medullary
interstitial cells synthesize proteoglycans that are present in the
interstitium.
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Fig. 1. Schematic representation of nephron segments showing the structural-
functional relationships.

1.8. Blood Supply

Each kidney is usually supplied by one renal artery arising from
the abdominal aorta. After or before entering the hilum, the renal
artery divides into an anterior and a posterior branch; both of them
give rise to a total of five segmental arteries. The segmental arteries
are end arteries, and occlusion of a single artery results in infarction
of the area supplied. These segmental branches form the interlobar
arteries in the renal sinus, which follow the curvature of the kidneys to
form arcuate arteries. From these arteries arise interlobular arteries that
course radially through the cortex toward its surface. The interlobular
arteries give rise to the afferent arterioles, which divide into five to
eight lobules and form the glomerular capillaries. The loops of these
capillaries reunite to form the efferent arteriole of the glomerulus.
The efferent arteriole leaves the glomerulus as a short unbranched
segment before it branches into capillaries. These capillaries, which
supply blood to the proximal and distal tubules of the cortex, are
known collectively as the peritubular capillary network. The efferent
arterioles of glomeruli located in the juxtamedullary cortex and near
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the medullary region not only supply blood to their own tubules but
also run deep into the medulla. These long, thin vessels are called
arteriolae rectae, or straight arterioles. They form a loop with straight
venules or venulae rectae of the medulla to form the vasa recta of the
kidney. Thus, the blood supply to the medulla is entirely derived from
the efferent arterioles of the juxtamedullary glomeruli. The capillaries
of the outer cortex converge to form the stellate veins which drain into
the interlobular veins, then into the arcuate and interlobar veins, and
finally into the renal vein.

2. CLINICAL EVALUATION OF KIDNEY
FUNCTION

Currently, determination of serum creatinine and blood urea nitrogen
(BUN) concentrations, and estimation of glomerular filtration rate
(GFR) remain the most important tests to assess the kidney function
in clinical practice. GFR can be measured directly by radioisotope
methods or indirectly from serum creatinine concentration as estimated
GFR (eGFR), using the Modification of Diet in Renal Disease formula.
Although serum creatinine concentration of 0.8—1.2 mg/dl and a BUN
concentration of 10 mg/dl are considered normal, their values vary
with muscle mass and protein intake as well as the functional status of
the liver. Therefore, an eGFR is recommended for evaluation of kidney
function. Most clinical laboratories provide both serum creatinine
and eGFR to the physician for assessment of kidney function. An
eGFR of 60 ml/min/1.73 m? or less is considered chronic kidney
disease (CKD). In addition to eGFR, urinalysis provides an assessment
of glomerular, tubular, and interstitial functions of the kidney. The
presence of albuminuria, hematuria, and red blood cell (RBC) casts in
a well-performed urinalysis indicates significant glomerular disease.
Determination of urine pH and urine osmolality is helpful in assessing
the kidney’s ability to acidify as well as concentrate and dilute the
urine. A renal biopsy is needed to assess the pathology of the kidney
in disease states.

3. KIDNEY FUNCTION IN DISEASE STATES

When GFR is decreased due to functional or structural damage to
the kidney, a variety of functions and also the structure of the kidney
are altered. These functional and structural disturbances are briefly
discussed below.
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3.1. Fluid, Electrolyte, and Acid-Base
Disturbances

When GFR is below normal but not low enough, the kidneys try
to maintain relatively normal fluid, electrolyte, and acid—base balance.
However, when GFR is severely decreased, the kidneys retain Na™,
water, K+, Mg?*, PO*~ and H™ ions, resulting in edema, either hypona-
tremia or hypernatremia, hyperkalemia, hypermagnesemia, hyperphos-
phatemia, and severe metabolic acidosis. Hypocalcemia results from
decreased calcitriol production by the kidney. The patients also develop
hypertension due to retention of Na* and water. Anemia and bone
disease are commonly seen in patients with low GFR.

3.2. Acute Kidney Injury (Acute Renal Failure)

Acute kidney injury (AKI) is defined as an abrupt decrease in
renal function, resulting in accumulation of nitrogenous (creatinine and
BUN) and non-nitrogenous waste products. It develops over a period
of hours to days. Although the clinical markers for AKI are serum
creatinine and BUN concentrations, the precise increase in serum
creatinine that defines AKI remains elusive. Studies have shown that
even a small increase in serum creatinine levels is associated with
increased morbidity and mortality. For example, it was reported that
an increase in serum creatinine by <0.5 mg/dl was associated with
a 6.5-fold increase in hospital mortality, while an increase in serum
creatinine of 0.3-0.4 mg/dl was associated with only 70% increase in
mortality risk. Even the length of the hospital stay was prolonged by
AKI (4).

Based on the increase in serum creatinine and urine output, the
Acute Dialysis Quality Initiative group recently proposed the RIFLE
system, which classifies AKI into three severity categories (R = risk;
I = injury; F = failure) and two clinical categories [L = loss; E =
end stage renal disease (ESRD)]. However, this classification requires
further validation (5).

The causes of AKI are divided into three major categories: prerenal,
renal, and postrenal. Prerenal azotemia is due to decreased renal
perfusion, caused by hypovolemia, decreased effective circulating
volume, renal artery disease, and/or altered intrarenal hemodynamics.
A variety of intrinsic renal disorders due to an acute insult to the renal
vasculature, glomerulus, tubules, or interstitium can cause AKI. Acute
tubular necrosis remains the major form of AKI due to intrinsic renal
disease, and it is caused by renal ischemia and exposure to nephro-
toxins, such as drugs or contrast material. Postrenal AKI is due to
obstruction to the urinary system either by intrinsic or extrinsic masses.
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Treatment of AKI includes volume repletion in hypovolemic condi-
tions and elimination of the causative agent or disease process.
Some patients may require hemodialysis or other renal replacement
therapies, such as continuous venovenous hemodialysis. AKI is usually
a reversible process. However, some patients progress to CKD.

3.3. Chronic Kidney Disease (Chronic
Renal Failure)

CKD is defined as a gradual decrease in renal function over a period
of several months to years. Diabetes, hypertension, glomerulonephritis,
cystic kidney diseases, and tubulointerstitial diseases (TIDs) are the
major causes of CKD. Approximately 6.2 million people are estimated
to have a serum creatinine level of >1.5 mg/dl. Unlike in AKI, serum
creatinine level does not represent the extent of renal disease in
subjects with CKD. Therefore, either actual determination of GFR by
radioisotope methods or eGFR is used to assess the severity of kidney
disease in a CKD patient. Based on these methods of GFR, a staging
system and action plan for CKD was developed (Table 1).

There are several risk factors for the progression of CKD,
including hypertension, diabetes, hyperlipidemia, excessive protein
intake, smoking, anemia, and genetic predisposition to kidney disease.
CKD is one of the major risk factors for cardiovascular disease. Conser-
vative management of CKD includes (i) control of blood pressure
(<130/80 for patients with no proteinuria and <120/80 for those with
proteinuria >1 g/day), using dietary sodium restriction <100 mEq/l,
and antihypertensive agents such as angiotensin converting enzyme-
inhibitors (ACE-Is), or angiotensin receptor-blockers (ARBs) as well
as a low dose diuretic; (ii) maintenance of HbA ., < 7% in diabetic
patients; (iii) restriction of protein intake <0.8 g/kg/day; (iv) mainte-
nance of LDL <100 mg/dl; (v) maintenance of hemoglobin approx-
imately 11-12 g/dl and control of bone disease; and (vi) smoking
cessation. Dialysis or kidney transplantation is required if the patient
progresses to ESRD.

3.4. Nephrotic Syndrome

This syndrome is characterized by proteinuria > 3.5 g/day, hypoal-
buminemia, edema, hyperlipidemia, and lipiduria. The nephrotic
syndrome is caused by (i) either primary (idiopathic) or secondary
(known) glomerular diseases; (ii) drugs, such as nonsteroidal antiin-
flammatory drugs, heroin, and gold; and (iii) bacterial, viral, and
parasitic infections. Among secondary glomerular diseases, diabetes
is the leading cause of nephrotic syndrome in adults. The primary
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diseases that cause nephrotic syndrome are minimal change disease,
focal segmental glomerulosclerosis, membranous nephropathy, and
membranoproliferative glomerulonephritis.

Proteinuria is caused by losses of charge and size in the GBM. Also,
a decrease in protein (nephrin, podocin, and a-actinin) or mutation
in genes that encode these proteins in slit diaphragm can cause
proteinuria. Hypoalbuminemia is due to renal loss of albumin and
increased catabolism. Both hypoalbuminemia and increased salt and
water retention lead to edema formation. Hyperlipidemia is secondary
to increased hepatic synthesis and decreased degradation of lipoproteins.

The patients with nephrotic syndrome are at risk for thrombotic
complications, infections, cardiovascular disease, and skeletal abnor-
malities. Management of nephrotic syndrome includes salt and water
restriction in edematous patients, ACE-Is or ARBs for proteinuria and
control of hypertension, low protein diet to improve serum albumin
level, proteinuria, and renal function, vaccination to prevent infection
from encapsulated organisms, prevention of thrombosis by avoiding
prolonged immobilization and volume depletion, and control of hyper-
lipidemia. Anticoagulation is recommended in high-risk patients.
Immunosuppressive therapy is reserved for patients with primary
renal diseases. Elimination of the secondary cause usually improves
nephrotic syndrome.

3.5. Nephritic Syndrome

The nephritic syndrome, also called glomerulonephritis, is charac-
terized by hematuria, RBC casts, hypertension, renal insufficiency, and
varying degrees of proteinuria. Based upon the etiology and pathogenic
mechanisms, this syndrome can present as (i) asymptomatic hematuria
or proteinuria; (ii) acute nephritis to rapidly progressive glomeru-
lonephritis (RPGN); and finally (iii) chronic sclerosing glomeru-
lonephritis. There are several primary (e.g., RPGN) and secondary
(e.g., systemic lupus erythematosus) causes of nephritic syndrome.
Treating the underlying cause by conservative (acute nephritis) or
aggressive (RPGN) management and control of blood pressure remain
the main stay of therapy in patients with nephritic syndrome. A
substantial number of patients presents with renal insufficiency,
requiring renal replacement therapy.

3.6. Tubulointerstitial Diseases

TIDs are a group of clinical disorders that affect principally the
tubules and interstitium. The glomeruli and blood vessels are usually
spared. It has been estimated that about 15% of all cases of AKI and
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25% of all cases of CKD are attributable to TIDs (7). Based upon the
morphologic changes and the rate of deterioration of renal function,
TIDs can be classified into acute TID or acute interstitial nephritis or
chronic TID or chronic interstitial nephritis. Acute interstitial nephritis
manifests as sudden onset of renal failure within days to weeks (1 day
to 2 months), hematuria, mild proteinuria, white blood cell casts and at
times eosinophiluria or eosinophilia. The accurate diagnosis is made by
renal biopsy. Acute interstitial nephritis is caused by drugs, infections, or
immune disorders. Treatment includes removing the causative agent or
in some cases steroids. Hemodialysis may be necessary in some patients.

Chronic interstitial nephritis is caused by a variety of drugs, infec-
tions, vascular, metabolic, immune, and hematologic diseases, urinary
tract obstruction, and heavy metals. In some cases, the cause is
unknown. Clinical manifestations include hypertension, renal insuf-
ficiency, hyperkalemia, anemia (both hyperkalemia and anemia are
disproportional to the degree of renal insufficiency), inability to
concentrate urine, and Fanconi syndrome. Urinalysis shows mild
proteinuria and absence of RBC casts. Glomeruli are affected secon-
darily. Pathologic findings of the kidney include progressive scarring
of the interstitium, tubular atrophy, and infiltration with lymphocytes
and macrophages. Removal of the offending agent or treatment of the
underlying disease, and control of blood pressure with dietary sodium
restriction and antihypertensive agents, and correction of anemia as
well as bone disease remain the main stay of therapy in patients with
chronic TIDs.

3.7. Vascular Diseases

Renal artery stenosis, hypertensive nephrosclerosis, vasculitis
affecting the medium and small renal arteries, renal vein thrombosis as
a complication of nephrotic syndrome, and several microangiopathic
diseases such as hemolytic uremic syndrome and thrombotic thrombo-
cytopenic purpura are some of the vascular diseases that cause altered
kidney function. Appropriate management is required to prevent the
progression of kidney disease.

4. CONCLUSION

This chapter has provided a brief review of gross and microscopic
anatomy of the kidney and its functions in health and disease. A variety
of commonly seen renal abnormalities have been discussed that require
nutritional and pharmacologic intervention alone or in combination for
management.
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5. SUMMARY

The kidneys are paired organs located retroperitoneally in the
lumbar region and maintain fluid and acid—base balance and remove
nitrogenous waste products as well as synthesize hormones such as
renin, erythropoietin, and active vitamin D;. The functional unit of
the kidney is the nephron, which is responsible for the formation of
ultrafiltrate, reabsorption, and secretion of electrolytes and water as
well as urinary acidification and concentration. When the structure of
the kidney is disturbed by a pathologic process, markers of kidney
function such as serum creatinine levels are elevated as in AKI, CKD,
or TID, and also an abnormal amount of protein or RBCs is observed
in the urine, as in nephrotic syndrome, or glomerulonephritis, respec-
tively. Also renal vasculature is affected, causing hypertension and
thrombotic microangiopathies.
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1. INTRODUCTION

This chapter reviews the dietary modifications that have been recom-
mended for patients with chronic kidney disease (CKD) starting in the
mid-1800s. It also examines dietetics practice and the development
of the specialty of renal dietetics. Notable research and changes in
medical technology that have influenced the dietitian’s role in caring
for patients with CKD is explored. The professional organizations and
publications that played a role in defining renal nutrition are reviewed.

2. HISTORICAL DIETARY TREATMENT
OF KIDNEY DISEASE

In the mid-1800s, Richard Bright recommended a milk diet for
patients with edema and proteinuria (/). Fishberg in 1930 and Addis in
1948 recommended protein restriction for uremic patients, but neither
identified the biological value of the protein (2,3). Many at this time
believed that dietary protein restriction would decrease the workload
and stress on the kidneys. In 1948, Kempner proposed a diet consisting
of rice, fruit and sugar for the treatment of acute and chronic renal
failure, and it became known as the Kempner Rice diet (4). This diet
contained about 20 g protein, 150 mg sodium and 2000 calories. The
Kempner Rice Diet was also used in patients with heart disease who
did not respond to salt restriction alone, but it was not recommended
for people with diabetes because of the high fat and sugar content.

In 1948, Borst (5) reported that a protein-free, normal calorie, low
salt diet improved uremia and edema in patients with advanced renal
failure. As this diet did not contain usual food items and was very
limited, it was not well accepted by patients and health care profes-
sionals. For example, some of the recipes and food items in the Borst
diet are Borst Soup and butterballs (see Table 1).

The goal of the Kempner Rice and the Borst diets were to preserve
life until the kidneys recovered; they were the alternative to dialysis
in the 1950s and early 1960s. These diets emphasized the need for
adequate caloric intake in severely ill patients to prevent weight loss
and to increase the satiety value of the diet. The control of fluid, salt
and potassium afforded by these diets was probably as important as
the protein restriction. Borst soup and butterball use continued into
the late 1960s and early 1970s, especially in smaller cities and rural
areas where dialysis was not yet available (6). Later on, renal diets
were supplemented with rolls of hard candy, mints, marshmallows and
jellybeans placed on hospital food trays and given to patients during
dialysis treatments.
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Table 1
Sample Foods in the Borst Diet

Borst Soup
Water (1.5 1)
Custard powder (100 g)
Sugar (150 g)
Butter (100 g)
Procedure: Heat slowly until hot, but do not boil. Serve in a soup bowl.

Nutrient Analysis: 1750 calories, with negligible amounts of protein
and potassium. Sodium content is dependent on the salt content of the
butter used.

Butterballs (6)

Unsalted butter or margarine (84 g)

Powdered sugar (100 g)

Vanilla extract (3/4 tsp)

Peppermint or other flavoring (four drops)
Procedure: Cream sugar and butter together. Add flavoring. Divide into
10 equal balls. Roll in sugar, if desired. Place in freezer to harden. Store
in freezer until time for serving. Flavoring may be omitted and powdered
soft drink mix used on the outside of the balls. Yield: 10 balls

Nutrient Analysis: 103 calories, negligible amounts of protein, sodium
and potassium

By 1960, Rose and Wixon (7) established minimum daily require-
ments of essential amino acids (EAA). This discovery was made
in individuals without kidney disease and contributed to the under-
standing of amino acid metabolism. They reported that the nitrogen
from serum urea could be used in the synthesis of nonessential amino
acids (NEAA) endogenously if sufficient EAA were present in the
diet. Rose et al. also discussed the importance of balanced meals
containing adequate carbohydrate, fat and protein to ensure overall
nutrition adequacy.

In 1963, Giordano applied the concept of high biological value
(HBV) protein to the renal diet (8). At this time, only protein of animal
origin was considered HBV. He stressed the need for a specific quality
of protein as well as quantity, based on the EAA recommendations
of Rose et al. Adequate caloric content with vitamin and mineral
supplements were part of the diet. Giordano was able to show that
uremic patients were able to maintain positive nitrogen balance and
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obtain relief from uremic symptoms on 2 g or 3 g of nitrogen or about
20 g of protein/day.

In 1964, Giovanetti and Maggiore achieved similar results using
the same principles of a protein-restricted diet with HBV protein
food sources (9). A powdered synthetic EAA mixture or eggs was
used. Pasta prepared from low protein wheat starch and wafers
made from cornstarch were utilized to control the amount of NEAA,
while supplying adequate calories. This diet, which became known
as the Giovanetti or the Giordano—Giovanetti (G-G) diet, produced
positive nitrogen balance, relieved uremic symptoms and maintained
blood urea nitrogen levels.

In 1965, Berlyne et al. (10) and Shaw et al. (//) modified the G-G
diet by utilizing an 18-g to 21-g protein diet with 12 g of protein from
milk and egg sources. High caloric levels were maintained with special
wheat starch products that were available commercially. This diet was
supplemented with iron, multivitamins and methionine, the only EAA
not naturally present in foods. Due to the restrictive nature of the diet,
they recommended use of 20g protein only if blood urea nitrogen was
greater than 200 mg/100 mL or if the urea clearance was less than
10 mL/min. These new diets provided a method of treatment for kidney
disease when surgery or medications alone could not be used.

In 1968 and 1973, Kopple et al. (12, 13) conducted studies comparing
20-g and 40-g protein diets of HBV in individuals with uremia. They
found that both diets relieved uremic symptoms and that biochemical
improvements were similar; however, maintenance of body weight was
more optimal on the 40-g protein diet. Most of all, the 40-g protein
diet was more acceptable to the patient because of the greater variety
of food selection.

Manufacturers were able to meet the demand for high calorie,
low protein food products because patient adherence to their high
calorie supplements was not always consistent. Lprotein wheat starch
flour (Cellu-low Protein Baking Mix, Chicago Dietetic Supply, La
Grange, IL; Paygel-P Wheatstarch Flour and Dietetic Paygel Baking
Mix, General Mills, Minneapolis, MN) was used to make bread,
muffins, cookies, cakes and pancakes. A 40-g slice of low-protein
bread supplied 0.2 g protein and 115 calories. The caloric content
could be increased further with the addition of butter or margarine
and jelly. However, because of the lack of gluten in the wheat starch,
few patients and dietitians were able to make an acceptable bread
product. Some recipes added whipped egg whites to decrease density
and improve texture. Low protein pasta (Carlo Erba, Milan, Italy
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Table 2
Sample Menu (40 g Protein, 20 mEq Sodium Diet) (15)

Breakfast Lunch Dinner

1/2 cup Apple Juice One serving Vegetable 1/2 cup Minted

Veloute* Melon Balls

2 slices French Toast ~ 3/4 cup Strawberry Ice One serving Chicken
Cream Curry

4 t. Syrup 4 Scotch Wheat Starch 1/2 cup Rice
Cookies

6 t. Unsalted Coffee or Tea with sugar  Zesty Lettuce Salad

Margarine

2 t. Milk Soft Drink

Coffee, Sugar

“Thickened white sauce.

and A-Protein distributed by General Mills) was a welcome addition
to the diet as it could be flavored with cream, butter, herbs, and
other seasonings. A powdered carbohydrate, protein-free supplement
(Controlyte, D.M. Doyle Pharmaceutical Co, Minneapolis) was added
to water, juices and soft drinks. High calorie, low electrolyte beverages
(Cal-Power, General Mills; Hycal, Beecham Products, Clifton, NJ)
provided 400-600 calories in less than 8 fluid ounces. Electrodialyzed
whey (lactalbumin) (Wyeth Laboratories) was suggested as another
source of HBV protein; it was mixed as a milk shake-like beverage
with water, oil, a carbohydrate source and flavoring (/4).

Protein was prescribed in standard amounts that did not necessarily
reflect the patient’s body size or weight. Protein recommendations
were based on the patient’s signs and symptoms, as well as the level
of kidney function. Meal patterns of 30, 40, and 50 g protein/day were
published (see Table 2 for an example of a 40-g protein diet). If nausea
and vomiting were present, the dietary protein prescription would be
reduced to alleviate symptoms.

3. ADVANCES IN MEDICAL THERAPY
AND ITS ROLE IN DIETARY THERAPY

By the end of the 1960s, the number of patients referred for dialysis
increased because of advances in dialysis access devices, biomedical
technology and transplantation; however, the availability of dialysis
machines and the health care staff trained to manage dialysis care could
not keep pace with the demand. Committees composed of hospital



22 Part I / Foundations for Clinical Practice and Overview

administrators, physicians, clergy and community representatives often
reviewed individual patient records and made recommendations about
who was eligible to receive dialysis. While dietitians did not participate
to a great extent in the decision-making process, it was the dietitian
who was often the last health care provider to see those patients who
were not eligible to receive dialysis. Severely restricted diet instruc-
tions were provided to these patients upon discharge from the hospital
to minimize the gastrointestinal side effects of uremia to the extent
possible. The goal of these diets was to provide time for the patients
to finalize their affairs.

By 1972, the United States Congress passed legislation allowing
Medicare to cover 80% of the cost of dialysis treatment; two to three
treatments per week became the routine. In 1974, Burton outlined
specific modifications required for the various forms of treatment
and stages of kidney disease (16,17). These papers were published
in the Journal of the American Dietetic Association and were readily
available to all practicing dietitians. The main premise of these modifi-
cations was that the diet used for the treatment of kidney disease must
be adjusted as the patient’s condition or treatment changes. At this
time, protein restrictions became more liberal and 50-g to 80-g protein
diets became more commonplace and were met with greater acceptance
by the patient and their families.

3.1. Protein

The use of EAA supplements were investigated in late 1970s as
part of the daily protein requirement for acute and chronic dialysis
patients (/8). Bergstrom and Alvestrand et al. (/9) followed a group
of patients in Sweden who were prescribed 18 g of dietary protein
and an amino acid supplement that included histidine to postpone the
need to start dialysis. The patients achieved positive nitrogen balance
only on days when the amino acid supplement was administered,
possibly identifying the role of conditionally EAAs in CKD. Hecking
and Port (20) found that supplementation with amino acids or keto
acids was indicated in only a small minority of catabolic patients,
while most patients receiving maintenance dialysis did well on a mixed
food diet with approximately 1g protein/kg of body weight. Amin-
Aid (Kendall McGaw, Irvine, CA) is a commercial elemental diet
containing EAA plus histidine in amounts consistent with amino acid
profile established by Rose and Wixon (7); it became available as a
total feeding or as a supplement to the dialysis diet. This diet treatment
was not universally accepted probably because of the increased avail-
ability of chronic dialysis as well as reimbursement systems that made
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alternatives to dialysis less of a priority. More recently, in 1994,
the Modification of Diet in Renal Disease (MDRD) Study looked
at slowing the progression of renal failure using a very low protein
diet (0.28 g/kg/day) and supplemental ketoacid analogs (0.28 g/kg/day),
along with a very low phosphorus (4-9 g/kg/day) diet. The results were
inconclusive (21).

Research continued to support, and dietitians continued to promote,
renal diets containing 1-1.4 g protein/kg of body weight during the
1980s and 1990s (22,23). In 2000, the evidence-based National
Kidney Foundation Kidney Disease Outcomes Quality Initiative
(KDOQI) Clinical Practice Guidelines for Nutrition in Chronic Renal
Failure (hereafter referred to as the KDOQI Nutrition Guidelines)
were published (24). These guidelines continue to be the basis
for nutrition care for adults with CKD. The KDOQI Nutrition
guidelines recommend 1.2 g of protein/kg/day for adult maintenance
hemodialysis patients and 1.2—1.3 g/kg/day for adult chronic peritoneal
dialysis patients. Please refer to Chapter 25 for the KDOQI Nutrition
Guidelines.

3.2. Energy

While multiple earlier studies addressed the specific protein needs
of the patient with CKD, many just described the energy and fat
content as adequate or high. Sister M. Victor (25) analyzed diets
from 20 outstanding hospitals in 1932. While the protein levels of the
diets varied from 20 to 70 g and good quality protein is specified, the
energy content of the diet was simply described as high. In the 1987
edition of the Clinical Guide to Nutrition Care in End-Stage Renal
Disease, the section on carbohydrates and fats states adequate intake is
encouraged to prevent wasting syndrome (26). The section then goes
on to discuss fiber and cholesterol but does not specify energy needs.
In 1989, a metabolic balance study addressed specific energy levels
of 25, 35, and 45 kcal/kg/day for 21 days each (27). These studies
determined that about 35 kcal/kg/day is needed to maintain neutral
nitrogen balance and maintain body composition in patients receiving
maintenance hemodialysis. This study and others were reviewed in
the KDOQI Nutrition Guidelines to recommend 35 kcal/kg/day for
patients receiving maintenance hemodialysis (24). The same amount
of energy is recommended for patients receiving chronic peritoneal
dialysis except that both energy intake from the diet and that derived
from the glucose absorbed from the dialysate must be considered.
Adjustments for the elderly and the obese patient are discussed.
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3.3. Electrolytes and Fluids

The dietary sodium prescription has been influenced by many factors
in the past 50 years, but it continues to depend on the presence or
absence of edema and hypertension and the kidney’s ability to conserve
and excrete sodium. In the 1950s and 1960s, medications to control
hypertension were limited, and 250- to 1000-mg sodium diets were
used to control severe edema and elevated blood pressure (28). Distilled
water was specified in these diets, as many sources of well water and
municipal water contained excessive amounts of sodium. Vegetables
like celery, beets and carrots were limited because of their natural
sodium content. Aggressive diuretic therapy and frequent episodes of
vomiting and diarrhea because of uremia caused the amount of dietary
sodium prescribed to be adjusted frequently. Because newer anti-
hypertensive agents have become available and biomedical technology
has improved dialysis techniques, dietary sodium prescriptions have
increased to 2000-3000 mg/day. In addition, the changing American
food supply has affected dietary sodium intake significantly; this will
be discussed later.

As the level of protein in the renal diet became more liber-
alized, potassium control also became an issue for patients receiving
maintenance hemodialysis. When routine dialysis increased to two
to three times per week, patients began to feel better and their
appetite increased. A dietary potassium intake of 2-3 g/day was the
maximum amount recommended in all meal plans for patients receiving
maintenance hemodialysis (29). However, dietitians realized that many
patients who were receiving maintenance peritoneal dialysis did not
require a potassium restriction and intake could be liberalized based
on the patient’s serum potassium levels.

Food lists with low and medium potassium levels were developed
using standard reference materials. High potassium food lists were
also developed and patients were advised not to consume these foods.
Tsaltas reported that leaching or dialyzing vegetables reduced the
potassium and sodium content. Patients were taught to peel, slice, and
soak vegetables in water and then boil in large amounts of water to
reduce potassium by approximately 50% (30). Since this initial work,
Burrowes and Ramer (3/) found that the most effective method for
removing potassium from tuberous root vegetables was the double cook
method. This method involves placing the vegetable in a 2:1 water to
vegetable ratio, bring the water to a boil, drain the water, replace with
fresh water, and then bring to a boil again until the vegetable is cooked.

Fluid and mineral recommendations were reviewed in the early
literature. In 1927, Norman and coworkers reviewed 165 cases in
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which a diet restricted in salt and water proved effective for cases of
obstinate edema due to nephritis (32). Yet in another article, the same
authors provide contradictory statements. They recommended a 40-g
protein diet for nephritis if there was retention of protein derivatives
such as urea, and large amounts of fluid to wash out the poisonous
substances (33). A few years later in 1931, Lashmet and Enke discussed
the Neutral Diet in the treatment of nephritic edema. They theorized
that edema was not due to the failure of the kidneys to excrete water
or chloride, but due to the alkaline ash content of the diet. It was
felt that an acid ash diet would decrease edema. Lashmet and Enke
recommended 45-50g of protein, 2000 calories, a slight excess of acid
ash, 10-15 g of ammonium chloride in 0.5 capsules with meals and
5000 mL of fluid daily (34,35).

The machines used initially for hemodialysis did not have
volumetric controls, and fluid removal was not consistent. Fluid
limits were very strict in the early days of dialysis, especially for
patients who received dialysis infrequently or who had limited residual
kidney function. Patients were instructed often to drink only what was
necessary to take their medications and/or to satisfy their thirst with
the fluid or moisture in food. These early diets specified fluid limits
of 500-800 mL/day plus urine output (28). This amount was increased
in 1998 to 1000 mL/day plus output (36).

3.4. Phosphorus and Calcium

Very few papers appeared in the literature prior to 1965 about dietary
phosphate restriction. A renal diet study kit published by the American
Dietetic Association (ADA) in 1969 does not include calcium and
phosphorus modification (29). Initially, physicians ordered very low
phosphorus diets, which limited the amount of meat and other protein
sources available to the patient, and again severely limited the variety
and palatability of the diet.

Towards the end of the 1960s, the use of antacids such as aluminum
hydroxide and aluminum carbonate became common, taking advantage
of one of its side effects which was the absorption of phosphorus in
the gut (37). Dietitians welcomed this new therapy as the renal diet
could be liberalized, while severe bone pain and intense itching were
relieved. Binders containing a mixture of aluminum and magnesium
were used in some areas. These products reduced constipation and it
was thought that higher magnesium levels decreased the muscle cramps
that frequently occurred during dialysis. Antacids containing calcium
carbonate were regarded as ineffective during this time period (38).
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Recipes for cookies incorporating crushed aluminum antacid tablets
were developed by dietitians. They increased adherence to the binders
and improved serum phosphate control. These products became
popular on hospital wards and were also made at home by patients.
Dietitians and patients further developed their own cookie recipes
using the antacid tables, usually replacing part of the flour with an
equal amount of crushed pill powder. Each batch of cookie dough was
divided equally so that one cookie contained the equivalent of two or
three aluminum hydroxide pills.

Reports of aluminum toxicity were published as early as 1972,
and many practitioners observed isolated incidences of dialysis-
related encephalopathy and dementia (39). Laboratory testing of serum
aluminum began to be performed on symptomatic patients and was
also used as a screening tool for the dialysis population. Municipal
water supplies started to test for aluminum and discontinued use of
aluminum as a purifier. Dialysis centers installed filtration systems to
remove aluminum from the water used to make the dialysate. Dieti-
tians advised patients not to use pitted aluminum cookware and other
potential environmental sources of aluminum toxicity. Increased efforts
were made to control dietary phosphate intake so that large doses of
binders could be avoided. Reports of desferoxamine, a chelating agent,
to diagnose and treat aluminum bone disease were published as early
as 1981 (40).

By 1985, the use of aluminum binders declined and calcium
carbonate was widely used (4/). At this time, dietitians became more
involved with individualizing the amount of binders for each patient.
Titration of the binder dose to the phosphorus content of the meal or
snack became common practice. Calcium citrate was used for a short
period of time but was soon discontinued as citrate enhanced aluminum
absorption. Calcium acetate was introduced as a binder in 1989 and was
successful because of its ability to decrease calcium absorption (42).
The first non-calcium, non-aluminum phosphate binder was introduced
in 1998, and these products continue to be used today (43).

By 1978, calcitriol (1,25-dihydroxycholecalciferol), an active form
of vitamin D for the treatment of osteodystrophy in CKD, was
introduced. In 1986, oral forms of vitamin D available for clinical
use included ergocalciferol, cholecalciferol, di-hydrotachysterol,
calcifediol and calcitriol (44). Dietitians monitored vitamin D therapy,
but usually did not determine when to start therapy or to change
the dose. An injectable form of calcitriol became available in 1987
(45), and in 1998, the first vitamin D analog was introduced (46).
Dietitians gradually increased their role in monitoring bone disease in
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patients with CKD by developing protocols for calcium, phosphorus,
and vitamin D dosing.

There was early concurrence that total removal of parathyroid
glands in both animals and humans would result in death due to
tetany. By 1950, hyper-parathyroidism and hypo-parathyroidism were
defined (47). The first immunoassay of human parathyroid hormone
(PTH) was reported by Berson in 1963 (48). By the early 1990s, levels
of PTH as determined by immunoradiometric assay or immunochemi-
luminometric assay were routinely used for patient evaluation (49,50).
PTH added another tool for the management of renal bone disease.

KDOQI Clinical Practice Guidelines for Bone Metabolism and
Disease in CKD were published in 2004, and they have provided
direction to the clinician in managing bone disease in all stages of
CKD (51) (refer to Chapter 25 for these guidelines).

4. CHANGING FOOD SUPPLY FOR PATIENTS
WITH CKD

Just as cellophane was used to make an artificial kidney in the early
days, it also changed the way food items were packaged and distributed
in the United States. After World War II, the boom in packaged foods
stemmed largely from the widespread introduction of new transparent
wrappers that kept food fresh and allowed customers to see exactly
what they were purchasing. In the 1950s and 1960s, patients with
kidney disease tried these new foods, but continued to prepare most
meals in their home kitchens. Canned foods were utilized and many
of them were preserved by the homemaker; home-baking remained
popular. When patients ate in restaurants or were a guest in another’s
home, food was prepared fresh, using mainly fresh ingredients. Patients
with kidney disease were encouraged to ask for special preparation
methods when eating away from home.

In the next two decades, a large array of new items arrived on
grocery store shelves and the supermarket industry flourished. Frozen
food cases at stores were now filled with a large array of products.
An increasing number of meals were eaten away from home, and
what we know as “fast food” restaurants today increased in popularity.
The sodium content of prepared foods increased, and food labeling
laws were updated to make this information available to the consumer.
Renal dietitians met the challenge by publishing dining out guides and
organizing classes on the topic of food selection at restaurants.

In the 1990s, the American public changed their food habits,
which included more restaurant meals, in-car meals, and vending
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machine meals and snacks. Portion sizes increased. Foods eaten at
home included a large amount of commercially prepared frozen items,
restaurant carryout meals, and quick-to-fix snacks. Renal dietitians
were challenged to educate their patients about the nutrient content
of these new foods and to try to fit them into their patient’s diet.
Cooking skills and home food preparation habits declined by the end
of the 1990s.

As the new millennium dawned, renal dietitians were faced with
new challenges. Food manufacturers increased their reliance on
phosphorus-containing food additives to enhance shelf life, to further
decrease cooking or preparation time, to improve food textures, and to
improve flavor acceptability (52). The bioavailability of these additives
is also higher than natural food sources of phosphorus. Unfortunately,
there is no requirement that the phosphorus content of these products
be listed on the food label. Therefore, patients with kidney disease
must decipher the small print of the ingredient list to determine the
suitability of a particular product. It is estimated that processed foods
may contribute up to 1000 mg of phosphorus daily and this exceeds
the dietary phosphorus recommendations for most patients with kidney
disease. Renal dietitians continue to petition the Food and Drug Admin-
istration to make further changes in label requirements that will assist
patients with CKD in making informed choices in the grocery store,
especially with an increasing array of fortified and enhanced food
products.

5. PROFESSIONAL ORGANIZATIONS SHAPING
RENAL NUTRITION

5.1. The American Dietetic Association (ADA)

The ADA was organized at a meeting of 58 professionals in October
of 1917 in Cleveland, Ohio. Present at that first meeting was Ruth
Wheeler from the University of Illinois. During her term of office
as president 8 years later, she founded the Journal of the American
Dietetic Association (JADA). Volume 2 of JADA was published in
1926 where the majority of articles were related to renal nutrition.
The first article about renal nutrition was written by Dr. John Peters
and discussed the use of a very low protein or no protein diet for
only short period of time, and a moderate amount of salt “to spare
the patient a certain amount of discomfort” (53). In the spring of
1927, two dietitians, Florence H. Smith and Mary Whelan along with
Dr. Keith Norman, reported on 165 cases encountered during the prior
3 years where a diet restricted in both salt and water proved effective
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in treating edema due to nephritis at the Mayo Clinic (32). Another
dietitian, Fairfax T. Proudfit reviewed a patient case with diabetes
complications resulting from kidney disease (54). By this time, there
were approximately 1000 members of the ADA, and because this
Journal was a membership benefit, these articles served to educate
practitioners who probably did not have access to other educational
materials about kidney disease. All aspects of kidney disease and its
treatment have continued to be covered on a regular basis in JADA.

In the 1980s, the ADA Commission on Dietetic Registration began
to examine areas of specialization in dietetic practice by reviewing
published education materials and consistency in practice patterns (55).
Role Delineation Studies were conducted that showed that the care
of patients with kidney disease required advanced knowledge and
the performance of specific tasks unique to this patient population.
These studies became the basis for Board Certification as a Specialist
in Renal Nutrition. Renal dietitians were one of the first groups
selected to participate in this process. This certification is granted
in recognition of an applicant’s documented practice experience and
successful completion of a clinical problem simulation examination in
the specialty area (55). The first Board Certified Specialists in Renal
Nutrition (CSR) were announced in early 1994.

5.2. Council on Renal Nutrition

In 1974, the National Kidney Foundation requested that a group of
dietetic leaders to convene, and the Council on Renal Nutrition (CRN)
was formed. The vision of this group was to develop and dissem-
inate nutrition education materials for patients and to assist practi-
tioners in obtaining the knowledge they needed to care for patients
with kidney disease. St. Jeor reported on the first clinical meeting
in 1975 (56). These 3- to 5-day meetings continue to educate renal
dietitians and others about the ever-changing field of renal nutrition
and practice standards for CKD. In most parts of the United States,
local CRN affiliates hold regular meetings for the purpose of sharing
ideas and providing continuing education for its members. Many
patient education tools, including renal diet books and renal cookbooks
reflecting regional tastes, have been published over the years. The
hallmark of each of these groups seems to be their willingness to share
information, first-hand knowledge of patient care, and renal education
materials with other colleagues.

The CRN Quarterly was the first publication of the CRN; it dealt
with current research in renal nutrition and patient education. In 1990,
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the CRN Quarterly was succeeded by the Journal of Renal Nutrition,
the premier journal which publishes renal nutrition research today.
Another publication by the CRN is the Pocket Guide to Nutrition
Assessment of the Renal Patient (57). This concise book, now in its
third edition, provides a foundation that the clinician can use to build
their expertise.

5.3. Renal Dietitians Dietetic Practice Group

In 1978, the Renal Practice Group (RPG) of the ADA was formed.
This organization deals with the professional concerns of the renal
dietitian, including salary surveys, employment, legislation, and patient
education. The RPG publishes a quarterly newsletter that features
articles on renal nutrition and patient education.

The need for a uniform renal diet that could be used across the
United States was identified as early as 1978, when the RPG was
first formed. The project was not initiated at that time because of
philosophical differences that existed among both renal dietitians and
nephrologists. However, in 1987, the RPG and the CRN agreed to
support jointly the development of the National Renal Diet. This long-
awaited document was published in 1993 and originally consisted of
six patient education booklets and a professional guide (58). Another
joint project of the RPG and CRN was the Clinical Guide to Nutrition
Care in End Stage in Renal Disease, which was first published in 1987
(59). The latest edition of this book was published in 2004 and reflects
the evolution of nutrition management of patients with CKD (60).
These materials and publications have standardized renal nutrition care
in the United States, and similar materials have been replicated in other
countries.

6. SUMMARY

As the scope of practice for renal dietitians continues to expand,
it is helpful to review how far the profession has advanced. But not
surprisingly, it seems that renal dietitians have always been innovative
yet practical when providing care for people with CKD.
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1. INTRODUCTION

Whereas diseases of the kidney have tormented humans for ages and
medical interest in their care and treatment can be traced to antiquity,
nephrology as the science that deals with the kidneys, especially their
function and diseases, is a relatively new discipline of medicine (/,2).
Historically, dialysis is the single most important development that
focused attention on the kidneys and their failure to function (3). What
started in the 1960s as an exploratory effort to sustain life evolved
in the 1970s into life saving renal replacement therapy (RRT) for
patients whose kidney disease had progressed to kidney failure (4).
Since the inception of the Medicare End Stage Renal Disease (ESRD)
program in 1972, the number of patients on maintenance dialysis has
increased in the United States and the other parts of the world (5).
Currently, well over 1.3 million individuals in the world are alive
on maintenance dialysis and about one-third as many with a kidney
transplant (Table 1). With reported annual growth rates of about 5-8%
per year, it is projected that the number of dialysis patients worldwide
will double in the next decade (6). What has become evident recently
is the much larger number of individuals with kidney disease who
are not on dialysis (~50-100 fold greater than the number of ESRD
patients on dialysis), a condition that affects their quality of life (Fig. 1)
and whose proper care will significantly impact the healthcare system
worldwide (6-8).

Table 1
Treated end stage renal failure at year end in 2004

Transplant
Region ESRD n(pmp)  Dialysis n (pmp) n (pmp)
North America 492 (1505) 337 (1030) 154 (470)
Europe 473 (585) 324 (400) 149 (185)
Japan 261 (2045) 248 (1945) 13 (100)
Asia (excluding Japan) 237 (70) 196 (60) 41 (10)
Latin America 205 (380) 170 (320) 35 (65)
Africa 61 (70) 57 (65) 50 (5)
Middle East 54 (190) 39 (140) 15 (55)
Total 1783 (280) 1371 (215) 412 (65)

ESRD, end stage renal failure; n, number of patients in thousands; pmp, prevalence in
patients per million population. (reproduced with modification from Grassman et al. (5)).
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Fig. 1. Odds of having symptoms that affect quality of life and well being in 1284
patients in the MDRD study. Controlled for age, gender, race, education, income,
and smoking. GFR, glomerular filtration rate in ml/min/1.73 m?. Reproduced with
permission from Rocco et al. (7).

2. THE PROBLEM: A HISTORICAL PERSPECTIVE

After the widespread availability of dialysis, it became apparent in
the late 1980s that the quality of life of dialyzed patients was far from
adequate and their annual mortality rate (about 20% in the United
States) was too high (9,70). As it turned out, a principal reason for
these poor outcomes was the heavy burden of comorbid conditions with
which patients were being initiated on dialysis rather than the adequacy
of dialysis (/7,12). In fact, it has been shown that the state of health
in which individuals with kidney failure present to a nephrologist is a
major determinant of their outcome on RRT, be it dialysis or kidney
transplantation. (13).

Well after maintenance dialysis became widely available and into
the closing years of the past century, nephrology had categorized
kidney disease by cause (glomerulonephritis, obstructive nephropathy,
lupus nephritis, etc.). This approach is clearly useful when the diagnosis
facilitates the specific treatment of a given disease. Unfortunately, in
many cases, it is not possible to determine the exact cause of the kidney
disease and often there are no specific therapies that would reverse the
kidney injury due to a disease. Moreover, there are indications that the
number of ESRD patients whose kidney failure is due to these tradi-
tional kidney diseases is diminishing, whereas those due to diabetes
and hypertension is constantly increasing, especially in the elderly
(10,14). In the vast majority of these individuals, the kidney disease
is asymptomatic, certainly in its early stages and well after more than
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half of normal kidney function is lost. Also, it has become increasingly
evident that the loss of kidney function and the systemic complica-
tions that develop during the course of kidney disease (anemia, hyper-
tension, bone disease, and cardiovascular disease) are uniform and
independent of the underlying etiology of the kidney disease. Despite
this realization, the situation remained confusing for quite some time as
varying terminologies were used to identify and describe these patients,
originating with the now abandoned historical “Bright’s disease” to
the still used horrible term of “pre-dialysis” patients. The cacophony
of terms that came into use to describe these patients (chronic renal
failure, chronic renal disease, chronic renal insufficiency, etc.) coupled
with the use of the rather insensitive serum creatinine as a measure of
kidney function accounts for the non-descript and confusing situation
that prevailed in the first years of the current millennium (/5,16).

3. DEFINING THE PROBLEM

In 2002, the National Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative (KDOQI) guidelines proposed a new
definition and classification of chronic kidney disease (CKD). For
the first time, these guidelines provided a uniform definition of CKD
(Table 2) and a classification system based on the level of estimated
glomerular filtration rate (GFR) (Table 3), rather than just that of
the traditional serum creatinine level from which the estimated GFR
is calculated (/7). Using representative databases and evidence-based
analysis of the literature, these guidelines documented the increased
number of complications associated with declining GFR, and the
increased rates of morbidity and mortality at each of the proposed five

Table 2
Definition of Chromic Kidney Disease

Structural or functional abnormalities of the kidneys for >3 months,
as manifested by
Kidney damage, with or without decreased GFR, as defined by
Pathologic abnormalities
Markers of kidney damage, including abnormalities in imaging
test, the composition of the blood or urine
GFR <60 ml/min/1.73 m?, with or without kidney damage

GFR, glomerular filtration rate.
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Table 3
Stages of Chronic Kidney Disease
Stage Description GFR (ml/min/1.73 m*)
1 Kidney damage with normal or f GFR > 90
2 Kidney damage with mild || GFR 60-89
3 Moderate |} GFR 30-59
4 Severe || GFR 15-29
5 Kidney failure <15 or
dialysis

GFR, glomerular filtration rate.

stages of CKD. The entire guidelines and a user-friendly calculator of
the estimated GFR are available online at http://www.kdoqi.org.

The KDOQI guidelines also proposed a clinical action plan for each
stage of CKD based on accrued evidence that (i) the adverse outcomes
of CKD (kidney failure, cardiovascular disease, and premature death)
can be prevented or delayed; (ii) treatment of earlier stages of CKD
is effective in reducing the rate of progression to kidney failure and
preventing the systemic complications that develop in the course of
progressive loss of kidney function; and (iii) initiation of treatment
of risk factors (anemia, hypertension, and bone mineral metabolism)
for cardiovascular disease at earlier stages of CKD can be effective in
reducing this leading cause of mortality and morbidity of individuals
with reduced kidney function (6,17).

Apart from the clinical utility of the proposed action plan for the
management of CKD in the KDOQI guidelines, the classification of
CKD based on the estimated GFR has provided a stimulus for research
on the prevalence of CKD and facilitated the performance of compar-
ative studies on the subject. Published results since then have confirmed
that (i) the increasing number of patients who develop kidney failure
and require replacement therapy have several comorbidities—notably
cardiovascular disease that accounts for the high mortality rates of
these patients (10,11); (ii) there is a substantially higher number of
individuals at earlier stages of CKD in the general population (8);
(iii) the prevalence of CKD is high and rising because of the increasing
prevalence of diabetes and hypertension, the principal underlying
causes of most cases of CKD (6,14); (iv) the number of patients who
die at each stage of CKD is much higher than those who progress to
kidney failure (18); (v) the mortality rate due to cardiovascular disease
is two- to four-fold higher in individuals with CKD compared to those
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with normal kidney function (7/9); (vi) when compared with individuals
with normal kidney function, those with CKD have increased over all
non-cardiovascular mortality, as well as cause specific mortality due
to pulmonary disease, infection and cancer (20); (vii) for most patients
with CKD, the risk of death from cardiovascular or non-cardiovascular
disease far outweigh the risk of progression to kidney failure, with
reported estimates of all cause mortality rates ranging from 25 to 50%,
depending on the level of kidney function (6,17); (viii) as clearly
indicated in the CKD classification guidelines, all surviving patients
with CKD do not progress through the stages of CKD, even in those
with advanced stages 3-5 of CKD some 20-30% remain stable for
years (17,21,22); (ix) the ones who are likely, but not invariably, to
progress are those with a GFR of <60 ml/min/1.73 m?, that is, stages
3-5 of CKD (6,23); and (x) the vast majority of those who do progress
to kidney failure do so slowly, albeit at variable rates (6,17,21-23).

This latter point accounts to some extent for the increasingly older
age at which patients now present for RRT (9). It also underlines the
fact that the years it takes to reach kidney failure provides for unique
opportunities to properly treat comorbidities, to retard the progression
of kidney disease, and to detect, treat, and prevent the systemic compli-
cations of CKD at every stage of the disease that develop in the course
of gradual loss of kidney function (77).

4. AN EPIDEMIC OF CKD

The original data presented in the KDOQI guidelines, based on
analysis of participants in the Third National Health and Nutrition
Examination Survey (NHANES III), estimated that 11% (19.2 million)
of the adult US population has CKD, 4.7% (8.3 million) of whom
are in stages 3-5 of CKD, with a much higher prevalence in the
elderly, diabetics and hypertensives (8,17). Subsequent reports from
other countries have confirmed these estimates. Studies in the United
Kingdom and the Netherlands have shown an estimated prevalence of
stages 3—5 CKD of 4.9% and 5.3% of the general population, respec-
tively (24,25), which is just about the same or quite similar to those in
the United States. The reported range of CKD prevalence varies from a
high in Australia of 11.2% to a low in China of 2.53% (26,27). Whereas
differences in study cohort, ethnicity and methods of data collection
account for the variable figures reported, it is evident that the preva-
lence of CKD is a worldwide health problem of epidemic proportion
and significant repercussions. Most disconcerting are the lost oppor-
tunities for the detection of such individuals and their treatment to
prevent the risk for CVD and other comorbidities for which CKD is
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an identifiable and potentially remediable risk factor. Equally alarming
is the considerable variability in the application of these measures in
those who have been identified with CKD, resulting in further lost
opportunities to improve outcomes and making lives better for patients
with CKD worldwide (6,28).

5. REGIONAL SOLUTIONS TO THE PROBLEM

The approach to resolve these problems has been the adoption of a
public health model to CKD (Fig. 2) and the development of evidence-
based clinical practice guidelines (CPG) to guide their management
using algorithms. The need for guidelines stems from the current infor-
mation overload, increased number of new and effective treatments
and diagnostic tools, and a growing body of outcomes research. This
makes it difficult for the busy practitioner desiring to practice evidence-
based medicine to keep abreast of the exponential increase of a rather
disparate body of information. CPGs draw on systematic reviews of
the literature and make specific recommendations to assist practi-
tioners and patients in making decisions about appropriate healthcare
in specific conditions. Rigorously developed evidence-based CPGs,
when implemented, can reduce variability of care, improve patient
outcomes, and ameliorate the efficiency of healthcare (29).

The practical specificity of guideline statements facilitates their
translation into clinical practice and differentiates them from other
evidence-based approaches such as meta-analyses and systematic
reviews, which distill and analyze the evidence but usually do not make

Stages in Progression of CKD and Therapeutic Strategies

Compllcatlons

Kidne
-»

Increased
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Screening for CKD risk Diagnosis Esumale Replacement
factor & treatment, progression, by dialysis
risk factors reduction, Treat comorbid  Treat complications, & transplant
Screeing for conditions, Prepare for
CKD Slow progression replacement

Fig. 2. Stages in progression of chronic kidney disease (CKD) and therapeutic
strategies. GFR, glomerular filtration rate.
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practical recommendations, and leave it to chance for the practitioner
to integrate them into clinical practice. In fact, the very process of
developing the evidence base of CPGs depends on meta-analysis and
systematic reviews (30). Essentially, it is the actionable recommenda-
tions of CPGs that make them now one of the best tools available to
practice using evidence-based medicine and hence the statement that,
“the implementation of rigorously developed practice guidelines can
lead to even greater improvements in patient care than the introduction
of new technologies” (29).

Another value of guidelines is that by establishing targets of therapy
and providing actionable items, they allow for the cooperative care of
patients with CKD by specialists and primary care providers (Fig. 3).
The care of patients with CKD by nephrologists only will overwhelm
the manpower resources of any country. The algorithms provided in
guidelines allow the cooperative utilization of the entire manpower
of healthcare providers (specialists, primary care physicians, dieti-
tians, nurse clinicians, social workers, and physician assistants) as well
as those of informed patients in providing appropriate care, without
burdening any one segment of the system.

Kidney
Failure
5

Kidney
Doctor

Fig. 3. The use of guideline recommendations and targets for the co-management
of chronic kidney disease patients at its various stages by primary care providers
(P.C.P.) and kidney doctors.
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6. A GLOBAL APPROACH TO THE PROBLEM

Over the past decade, a number of national organizations have
developed guidelines for the care of CKD patients. These have been
instrumental in improving and facilitating the care of these patients.
An important next step in the approach to CKD occurred when it
became apparent to those developing nephrology guidelines that there
was a need for improving international cooperation in the development,
dissemination and implementation of CPGs to achieve these goals.
The rationale for a global approach to the CKD epidemic is self-
evident. CKD and the risks it engenders are not exclusive to countries
with guidelines. The complications and problems encountered by those
afflicted with kidney disease are universal. The science and evidence-
based care of these complications and problems are also universal
and thus independent of geographic location or national borders. With
the increasing prevalence of kidney disease worldwide, strategies to
improve outcomes will require a global effort directed at earlier stages
of CKD. As such, there is a clear need to develop an evidence-based
public health approach to the global epidemic of kidney disease (28).

It was on this basis that Kidney Disease: Improving Global
Outcomes (KDIGO) was established in 2003 as an independently incor-
porated non-profit foundation governed by an international board of
directors with the stated mission to “improve the care and outcomes
of kidney disease patients worldwide through promoting coordination,
collaboration and integration of initiatives to develop and implement
clinical practice guidelines” (28). Since its establishment, KDIGO has
launched several initiatives including (i) the development of a uniform
grading system of the strength of the evidence and recommendation
of guidelines in nephrology; (ii) the establishment of an interactive
Internet database of available nephrology guidelines that allows for
the comparison of recommended therapeutic targets in the posted
guidelines, together with the rationale for their differences; (iii) the
development of three new CPGs on Hepatitis C and CKD, bone and
mineral metabolism and care of the kidney transplant recipient; and (iv)
the convening of international controversies conferences on clinically
relevant controversial issues in nephrology. Details of the initiatives,
positions statements and guidelines of KDIGO are available online at
http://www .kdigo.org.

The controversies conferences held by KDIGO are designed to
explore at the international level what is known (available evidence),
what can be done with what is known (recommendations and
guidelines) and what do we need to know (research questions). The first
of these on the definition and classification of CKD held in September
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2004 recommended to (i) accept the definition and classification of
CKD proposed by KDOQI; (ii) consider all kidney transplant recip-
ients as having CKD and classified by its staging system with the
added suffix of T for transplant (stage 3-T, stage 4-T, etc); (iii) identify
dialysis patients by the suffix D for dialysis, independent of the stage
of their CKD (stage 5-D); and (iv) report routinely the estimated GFR
based on standardized serum creatinine measurement. The proceedings
of this conference and its full recommendations have been published
as a position statement of KDIGO (317). The definition and classi-
fication of CKD is currently being updated to include a framework
in which to integrate diagnosis and associations of CKD with other
chronic diseases, such as cardiovascular disease, cancer, and selected
infectious diseases.

The second controversies conference held in September 2005, on
the definition, evaluation and classification of renal osteodystrophy,
recommended that the term renal osteodystrophy be used exclusively
to define the alterations in bone morphology due to CKD and that
the term CKD-Mineral and Bone Disease (CKD-MBD) be used to
describe the clinical syndrome that develops as a systemic disorder of
mineral and bone metabolism due to CKD manifested by any one or a
combination of the following: (i) abnormalities of calcium, phosphorus,
parathyroid hormone or vitamin D metabolism; (ii) abnormalities in
bone turnover, mineralization, volume, strength or linear growth, and
(iii) vascular or other soft tissue calcification. The proceedings of this
conference and its full recommendations have been published (32) and
are posted on the web at http://www.kdigo.org.

7. SUMMARY

The reported estimates of the increasing burden of CKD present
several pitfalls. The first is that associated with problems in the
measurement of serum creatinine that will require standardization
to avoid inaccuracies and variability (33,34). The second is in the
formulae used to estimate the GFR. The most commonly used,
so-called Modification of Diet in Renal Disease (MDRD), formula
has been validated in the United States and is most robust in the
lower ranges of GFR (<60 ml/min/1.73 m?). Its broader application
will require further evaluation and the incorporation of confounding
factors such as race, gender, and muscle mass (6,16,34). Both of
these problems are currently under active and rigorous examination
and their solution should be forthcoming in the near future. In the
meantime, the KDIGO recommendation of reporting GFR values
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below 60 ml/min/1.73 m? remains a reasonable alternative that would
help identify those with the greatest need for special attention (317).

By the same token, the adoption of a global approach to CKD
based on the use of CPGs presents several challenges. One of which
is the applicability of global guidelines to regions with variable
resources and legislative agendas. It is felt that the development of
guidelines based on the care and outcomes of patients with CKD
would provide a core set of recommendations. The subsequent step-
wise adoption of these recommendations tailored by local groups to
available regional resources will make them accessible to everyone
committed to improved outcomes.

With due diligence, focused perseverance and evidence-based
solutions, all these are surmountable obstacles. That would certainly
make the future care of CKD patients better than what it has been in
the past.
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LEARNING OBJECTIVES

1.

2.

Discuss the role of biochemical parameters as a component of a
comprehensive nutritional assessment.

Identify the biochemical parameters and the recommended frequency
of measurement suggested in the Kidney Disease Outcome Quality
Initiative nutrition guidelines for routine, confirmatory, and screening
testing.

List the strengths and weaknesses of various biochemical tests in the
chronic kidney disease population.

. Discuss the major dietary and nutrient challenges that patients face

at each of the five stages of chronic kidney disease that will guide
the choice of dietary assessment method.

. Use dietary intake data to counsel chronic kidney disease patients

according to the Kidney Disease Outcome Quality Initiative guide-
lines.
Describe the different methods of body composition assessment that
are applicable to adults with chronic kidney disease such as dual
energy X-ray absorptiometry, bioelectrical impedance, and total body
water.
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7. State the anthropometric measurements used in assessing nutrition
status in the chronic kidney disease population.
8. Understand the limitations and sources of error in evaluating and
using body composition in the chronic kidney disease population.
9. Explore physiological mechanisms responsible for lesion and
functional deficits.

10. Encourage a deeper nutritional thought process that considers the
role of nutrient intake/disposition, drug/nutrient interaction, medical
comorbidity, and nutritional cost of therapeutic interventions in the
evolution of patient-specific nutrient intake plans.

Summary

1.

Comprehensive nutrition assessments are comprised of an evaluation of the
individual’s body composition, biochemical tests, dietary intake and habits, and
clinical profile. Integration of these methodologies is used to guide appropriate
medical nutrition therapy and to monitor responses to therapeutic nutrition
interventions. This chapter reviews (i) common biochemical tests used for
assessment of nutritional and inflammatory status; (ii) dietary intake method-
ologies that provide the data needed to improve nutritional status and quality
of life among patients with chronic kidney disease (CKD); (iii) body compo-
sition assessment methods useful in the CKD population which can facilitate
the prescription and monitoring of appropriate clinical and nutritional therapies;
and (iv) nutrition physical assessment techniques with illustrations of physical
manifestations of nutrient deficiencies and excesses with a specific focus on
patients with CKD.

Key Words: Nutrition assessment; biochemical tests; dietary assessment;
body composition; anthropometry; nutrient-based lesions; nutrition physical
examination; physical findings.

INTRODUCTION

Suboptimal nutritional status is common in people in the latter stages

of chronic kidney disease (CKD) and is associated with increased
morbidity and mortality and higher health care costs. Data from
the Modification of Diet in Renal Disease (MDRD) study demon-
strated that protein-energy nutritional status deteriorates as glomerular
filtration rate declines. Frank protein-energy malnutrition (PEM) prior
to initiation of dialysis was fairly rare, but evidence of deteriorating
nutritional intake was common as kidney function declined. Among
people receiving dialysis, depending on the nutritional parameters
chosen and thresholds used for identifying deficits, the literature reports
18-75% of people receiving maintenance dialysis have evidence of
protein deficits (/). Measures of nutritional status deteriorate with time,
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even in the presence of excellent dialytic care and close nutritional
monitoring and interventions (2). Nutritional status is an important
predictor of increased hospitalization rate, hospital days, and mortality.
Therefore, assessing and optimizing nutritional status is important to
improve patients’ quality of life (QOL), improve clinical outcome, and
help control cost of care.

The role of nutrition assessment is to describe a patient’s nutri-
tional status from a variety of perspectives to guide individualization
of nutrition therapies. Nutrition assessments are comprised of several
evaluations, including anthropometric measurements, biochemical
testing, a clinical profile, and an evaluation of dietary adequacy and
habits. The clinician integrates these data to determine adequacy of
acute and chronic nutritional intake in relation to requirements, to
determine the need for nutrition therapy and to guide and monitor
responses to therapeutic nutrition interventions.

Nutrition assessments, and the optimal assessment method-
ologies, vary depending on the objective of the assessment. For
screening purposes, simple evaluations that require minimal patient
involvement and relatively little training for the person making
the assessment can be used to prioritize patients for a more in-
depth assessment. At the other extreme, research assessment tools
typically provide very high precision at the cellular or elemental
level, but tend to be more invasive and require more patient cooper-
ation and highly trained dietetic support. Clinically useful nutrition
assessment techniques balance precision, staff time, and patient effort
required to provide appropriate levels of detail. The objective of
nutrition assessment, and the availability of appropriate population-
specific reference data, needs to be understood to select appropriate
techniques.

This chapter includes discussions of biochemical, dietary intake,
body composition, and clinical nutritional assessment techniques for
use in screening, for routine clinical, and for research purposes.
A number of common biochemical nutrition assessment parameters
are abnormal in many people with CKD. Biochemical testing has the
advantages of being objective, requiring minimal patient cooperation,
and many measures are commonly available to clinicians. Currently,
biochemical testing is the only clinically practical way to help identify
the presence of malnutrition, inflammation, or both in people with
CKD. Dietary intake assessment tools can be used for screening, to
describe intake over a specific period of time, or to characterize usual
intake. Importantly, because nutrient requirements and common nutri-
tional challenges change over the progression of CKD, dietary records
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and recalls can be useful tools to help determine the effectiveness of
nutritional counseling and provide specific guidance for patients. The
objectives of anthropometric assessment typically are quantification of
energy reserves in the forms of fat and muscle mass. Clinically useful
tools, such as upper arm skinfold and circumference measurements
and weight and weight change, provide practical means to monitor
adequacy of nutritional intake longitudinally. Finally, the section on
clinical assessment provides an in-depth review of nutrition physical
examination (NPE) techniques and illustrates a number of physical
manifestations of nutrient deficiencies and excesses with a specific
focus on patients with CKD. NPE is a newer practice area for advanced
level clinicians. However, when clinical observations are placed in the
context of a patient’s overall condition and with biochemical confir-
mation, they can be useful to identify and explain the presence of
nutrition-related lesions.

2. BIOCHEMICAL ASSESSMENT
OF NUTRITIONAL STATUS

Biochemical assessment offers the advantages of being readily
available in most clinical settings, it is objective, and it requires only
minimal patient cooperation. CKD and dialysis procedures each can
influence nutritional status, limiting nutrient intake due to anorexia,
dietary restrictions, socioeconomic constraints, or impaired gastroin-
testinal (GI) motility. In addition, CKD also exerts an indirect
effect on nutritional status by increasing requirements and impairing
the body’s ability to down-regulate resting energy expenditure
(REE) and protein turnover. Biochemical testing provides important
insights into adequacy of protein and energy intake, the presence
of inflammatory or oxidative stress, and nutritional adequacy over
time.

The Kidney Disease Outcome Quality Initiative (KDOQI) nutrition
practice guidelines recommended the use of a panel of nutritional
parameters because no single index comprehensively summarizes all
aspects of nutritional status (3). The KDOQI nutrition guidelines
recommend a battery of anthropometric, clinical, and dietary assess-
ments in addition to the biochemical parameters listed in Table 1. The
work group divided nutritional markers into tests to be done routinely,
confirmatory tests to be done as needed, and screening tests requiring
further confirmation. In addition to providing data for assessment
of protein-energy nutritional status, other biochemical parameters
frequently are of importance in the dietary and medical management
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Table 1
KDOQI Biochemical Testing Regimen in Stages 2-5 CKD (3)
Marker type Marker Measurement frequency
Routine Predialysis serum albumin Monthly in
maintenance

dialysis (every 1-3

months in CKD)
nPNA Monthly (every

3—4 months for

peritoneal dialysis;

every 3—4 months

in CKD)

Confirmatory  Predialysis serum prealbumin  As needed
Screening Predialysis serum creatinine As needed
Predialysis serum cholesterol ~ As needed

Creatinine index As needed

CKD, Chronic kidney disease; nPNA, normalized protein equivalent of nitrogen
appearance.

of patients receiving dialysis, such as glucose, glycated hemoglobin
(A1C), potassium, phosphorus, and calcium, but are beyond the scope
of this chapter.

2.1. Protein-Energy Nutritional Status

Assessment of protein-energy nutritional status is one of the most
common applications of biochemical assessment. The most commonly
used proteins for this purpose are serum albumin, prealbumin, and
transferrin. Other biochemical parameters are useful as screening tools:
serum creatinine, cholesterol, and bicarbonate.

Serum proteins can be broadly divided into two categories, negative
and positive acute phase proteins. Circulating levels of negative acute
phase proteins, such as serum albumin and prealbumin, are at their
highest in well-nourished, unstressed individuals and decline in the
presence of inadequate nutrition, inflammatory stress, or both. In
contrast, positive acute phase proteins, such as serum C-reactive protein
(CRP), normally circulate at very low levels and rise dramatically
in the presence of inflammatory stress. Because both nutrition and
inflammation independently influence each of these nutritional markers
and respond to nutritional interventions, both must be considered
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when interpreting serum protein levels as nutritional or inflammatory
parameters.

The expected frequency of laboratory testing should be considered
in selecting nutritional markers. Where nutritional assessments are
performed monthly in generally stable individuals, longer half-life
nutritional parameters are logical choices. In contrast, for patients
undergoing acute changes in nutritional and inflammatory state,
addition of short half-life nutritional and inflammatory markers
allows adjustment of nutritional interventions based on acute patient
response.

2.1.1. SERUM ALBUMIN

Albumin is the most abundant protein in the blood, readily available
on most biochemistry panels, and is therefore widely used as a nutri-
tional and inflammatory marker. The half-life of serum albumin is
approximately 20 days, making it a good tool for use in monthly
nutritional assessments but relatively unresponsive to acute changes in
nutritional or inflammatory status.

Interpretation of albumin levels is challenging in people with CKD.
Both modifiable and nonmodifiable predictors of serum albumin have
been identified in people with CKD. Older age, female sex, white race,
presence of several chronic diseases (chronic obstructive pulmonary
disease, peripheral vascular disease, diabetes mellitus, and cancer), and
being the first year of dialysis are nonmodifiable factors correlated with
hypoalbuminemia. Modifiable factors associated with improved albumin
include smoking cessation, use of arteriovenous fistulas, or biocom-
patible dialysis membranes (4). Longitudinal analyses of serum albumin
show a decline in serum albumin in the months immediately preceding
death and an improvement during the first year of dialysis (4).

Serum albumin is extensively distributed in both intravascular
and extravascular compartments and can be redistributed into the
extravascular space, resulting in hypoalbuminemia. Serum albumin
levels are also reduced in patients with metabolic acidosis. Nutrient
intake, particularly protein intake, is one of several factors deter-
mining serum albumin levels (5). However, serum albumin levels
are maintained in otherwise healthy individuals until late in the
course of protein-energy malnutrition (PEM) in the absence of
underlying inflammatory stress. Serum albumin is also preserved
with chronically low food intake because resting energy expenditure
(REE) is simultaneously down-regulated. However, systemic inflam-
mation inhibits this normal adaptation to protein-energy deficits.
In addition, inflammation also both inhibits albumin synthesis and
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increases its fractional catabolic rate (5,6). Thus, dietary protein and
inflammation have separate and opposing influences on serum albumin.
Interpretation of hypoalbuminemia must be made in the context of
both nutrient intake and presence of inflammation (6).

Subnormal serum albumin levels (<4.0 g/dL) have long been shown
to predict both all-cause and cardiovascular mortality in people
receiving maintenance dialysis (5,7). Without additional information
to help differentiate between nutritional deficits, inflammation, or a
combination of the two, hypoalbuminemia should not be presumed to
be nutrition-related. The view that hypoalbuminemia is not primarily
due to nutritional deficits appears to be supported by the limited success
of enteral or parenteral intervention trials to effectively correct hypoal-
buminemia (8). Others, however, have concluded that although both
inflammation and malnutrition frequently coexist, subnormal levels of
serum albumin and prealbumin are principally reflective of nutritional
inadequacy (9).

2.1.2. SERUM PREALBUMIN

Serum prealbumin, like albumin, is a negative acute phase protein.
Prealbumin has a half-life of about 2 days and is therefore very
responsive to recent events, especially calorie and protein deficits.
Thus, for patients with acute illnesses or following initiation of nutri-
tional interventions, prealbumin can be a useful, early directional
indicator of changes in nutritional and inflammatory status.

Serum prealbumin, and a decline in serum prealbumin over time,
predicts all-cause mortality independently of inflammation (based on
CRP) (9). Predialysis serum prealbumin is directly correlated with
other biochemical nutritional markers (serum albumin, creatinine,
and cholesterol) as well as predialysis body weight and bioelectrical
impedance (BIA)-derived reactance, body cell mass, body water, and
phase angle (/0). Prealbumin was predictive of hospitalization over
the next 12 months in a univariate analyses, though when included in
a multivariate analysis, prealbumin was no longer significant (/7).

When the KDOQI nutrition guidelines were drafted, there was
insufficient published data to conclude that prealbumin was a more
sensitive or specific nutritional marker than serum albumin (3). However,
subsequent publications indicate that predialysis serum prealbumin
is a useful addition to nutritional profiles and provides additive
information to serum albumin (/0,7/2). Patients with a predialysis
serum prealbumin of less than 30 mg/dL should be evaluated for
nutritional adequacy (3). This threshold is within the normal range
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(~17-45 mg/dL) for people without kidney disease, reflecting decreased
renal clearance of prealbumin in patients with CKD.

2.1.3. SERUM CREATININE AND CREATININE INDEX

Serum creatinine is a nutritional screening parameter in people
receiving maintenance dialysis (3). Predialysis serum creatinine
concentration reflects the sum of creatinine by dietary origin (creatine
and creatinine from meat) and that formed endogenously in skeletal
muscle tissue less the creatinine removed by residual kidney function
and dialysis. Creatinine is formed irreversibly from creatine in skeletal
muscle at a fairly constant rate that is directly proportional to skeletal
muscle mass. Thus, under steady state conditions of diet and dialysis,
predialysis serum creatinine is roughly proportional to lean body mass.
A declining predialysis serum creatinine over time in otherwise stable
dialyzed patients indicates loss of skeletal muscle mass. Although not
commonly used in clinical practice, creatinine index can be calculated
to easily estimate fat-free body mass, especially in anuric patients (3).

Serum creatinine, and a decline in serum creatinine over time,
predicts all-cause mortality independently of inflammation (as
measured by CRP) (9). Serum creatinine levels are directly correlated
with both serum albumin and serum prealbumin. The relationship
between serum creatinine and mortality in maintenance dialysis
patients is typically a backward “J” shape, with the lowest mortality
occurring at a predialysis creatinine level of 9-11 mg/dL and rising
significantly at lower levels and modestly at higher levels (7). Lower
levels of predialysis serum creatinine reflect low dietary intake of
creatinine and creatine as well as low lean body mass. High serum
creatinine typically is suggestive of inadequate dialysis. The KDOQI
nutrition guidelines recommend that dietary adequacy be evaluated in
patients exhibiting serum creatinine levels of less than approximately
10 mg/dL (3).

2.1.4. SERUM ToTAL CHOLESTEROL

Low serum total cholesterol is correlated with markers of protein
nutritional status (serum albumin, prealbumin, and creatinine) and
with mortality in most, but not all, trials. The relationship between
nutrient intake and low serum total cholesterol is indirect. The presence
of hypocholesterolemia, below 150-180 mg/dL, or a declining serum
cholesterol concentration can be an indicator of chronically inadequate
protein and energy intake (3).

Serum cholesterol is primarily useful as a screening tool because its
sensitivity to, and specificity for, changes in protein and energy intake
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is poor. Serum cholesterol also is depressed with chronic inflammation.
The relationship between mortality and serum cholesterol is usually
“U” shaped, with lowest mortality occurring with serum cholesterol
levels of about 200—220 mg/dL in most trials and increasing for higher
or lower values. A relationship between CRP and serum cholesterol has
been reported, with patients at both high and low extremes of the serum
cholesterol distribution having higher CRP levels (/3). Low levels of
cholesterol and elevated CRP suggest the presence of inflammatory
stress and anorexia, whereas elevated levels of both may be more
reflective of cardiovascular disease (CVD).

2.1.5. SERUM TRANSFERRIN

Serum transferrin is frequently used as a marker of protein-energy
nutritional status in people without CKD. Compared to serum albumin,
it has the advantage of a shorter half-life (about 8.5 days) and a smaller
pool size, making it more responsive to nutritional deficits. However,
because transferrin is also influenced by the presence of anemia, a
comorbidity prevalent in people with CKD requiring maintenance
dialysis, it is not recommended for nutritional assessment in patients
with stage 4 or 5 CKD because its specificity for nutritional deficits is
low in this population (3). Transferrin is a useful nutritional parameter
in patients with higher levels of kidney function. In the MDRD study,
transferrin and nutrient intake gradually declined as kidney function
deteriorated (14).

2.2. Markers of Inflammation

Thirty to fifty percent of patients receiving maintenance dialysis
have evidence of an active inflammatory response (/5,16). A growing
body of evidence suggests that to accurately interpret serum protein
status, an understanding of a patient’s inflammatory state is critical.
Nutritional and inflammatory stresses frequently coexist in people
with CKD, and the predictive power of nutritional parameters for
clinical outcome is partially or fully attenuated when nutritional param-
eters are adjusted for the presence of inflammation. Approximately
75% of patients with CKD have evidence of CVD. Proinflammatory
cytokines and oxidative stress elicit an inflammatory response, and the
presence of inflammation is closely associated with accelerated devel-
opment of CVD and cardiovascular mortality. In contrast to levels of
serum albumin and prealbumin, which generally rise during the first
year following initiation of dialysis, circulating levels of inflammatory
mediators [e.g., CRP, interleukin-6 (IL-6) and IL-10] do not improve
with initiation of dialysis.
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Inflammation blunts appetite and increases protein catabolism,
lipolysis, and REE. The effect of inflammation on REE is subtle,
increasing by approximately 10-15%, but over time, this sustained
increase may result in protein-energy deficits, especially when
combined with anorexia, which is a common side effect of both
CKD and inflammation. Chronic inflammation in CKD patients can
be caused by infections, interactions between the blood and dialyzer,
contaminants in the dialysate, concomitant conditions, or a combi-
nation of these factors. In addition, dialysis itself, even when biocom-
patible dialysis membranes are used, results in transient inflammatory
response that persists for several hours following treatment (/7). Thus,
an understanding of inflammatory status is increasingly accepted as a
key part of biochemical nutritional assessment.

2.2.1. C-REACTIVE PROTEIN AND PROINFLAMMATORY
CYTOKINES

A number of positive acute phase proteins can be used to document
the presence of acute or chronic inflammation. The most common
and consistently used is CRP, a nonspecific marker of inflammation
and proinflammatory cytokine activity. CRP has a half-life of approx-
imately 19 hours. Its catabolic rate is not affected by inflammation,
while its synthetic rate and release is markedly up-regulated during
an acute phase response. Thus, levels of CRP in stressed patients can
rapidly rise by several orders of magnitude. Clinically, CRP is not
routinely available, but should be considered when inflammation is
suspected or when response to nutritional interventions is slower than
expected.

Other clinically useful markers are the proinflammatory cytokines—
tumor necrosis factor (TNF-a) and IL-6. Up-regulation of TNF-a and
IL-6 contributes both to wasting and the high incidence of cardiovas-
cular morbidity and mortality in people with CKD (78,79). Proinflam-
matory cytokine activity has numerous deleterious effects including
the promotion of insulin resistance, anorexia, and oxidative stress.
TNF-a stimulates lipolysis and impairs muscle synthesis, whereas IL-6
inhibits insulin growth factor-1 and plays a role in the development of
sarcopenia (19).

Serum albumin levels are inversely correlated with CRP (6,20).
However, because of its rapid turnover, CRP correlates less well
with future albumin levels. In contrast, longer half-life positive acute
phase proteins (e.g., ceruloplasmin or a-1 acid glycoprotein) are more
predictive of future albumin levels (6). CRP is predictive of hospital-
ization and cardiovascular morbidity and mortality, it is a marker for
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the presence of inflammation and CVD, and an independent predictor
of all-cause and cardiovascular mortality in patients with stage 3 and
4 CKD. Serum albumin and CRP both were independent predictors
of all-cause mortality, suggesting that they either act via different
mechanisms (e.g., nutritional vs. inflammatory) or at different points
in the inflammatory process (2/). CRP increases with declining kidney
function prior to dialysis and continues to rise as dialyzed patients
become anuric.

2.3. Nutritional Adequacy and Management
2.3.1. PROTEIN INTAKE

The adequacy of protein intake can be estimated in several ways
in people with CKD. Diet records or recalls can provide clinicians
detailed information about food choices and can be very useful as
educational tools but require a substantial effort from the patient, and
thus, can be incomplete records of protein intake (see Subheading 3).
Protein intake can also be estimated in clinically stable patients by
determining the protein equivalent of total nitrogen appearance (PNA),
also called protein catabolic rate (PCR). PNA (PCR) reflects the sum of
urea generation from endogenous protein turnover and the metabolism
of dietary protein minus urea removed from the body by dialysis or
residual renal function and change in body urea pool size over the
interdialytic interval. The urea pool accounts for changes in blood
urea nitrogen (BUN) levels and changes in total body water (TBW)
volume over the measurement period. Fecal and dermal nitrogen
losses are disregarded because they are quantitatively fairly minor and
impractical to collect and analyze under clinical conditions. Detailed
procedures for computing PNA for people on hemodialysis (HD) and
peritoneal dialysis (PD) are published in the KDOQI Clinical Practice
Guidelines (3).

Clinically, PNA (or PCR) is typically normalized so that protein
intake, expressed as normalized protein nitrogen appearance (nPNA)
or normalized PCR (nPCR). nPNA (nPCR) can be compared to
estimated protein requirements independently of body mass. Unlike
typical practice for diet records, where intake is usually normalized
to actual or adjusted body weight, PNA is normalized by dividing it
by V/0.58. V is the patient’s urea volume which can be determined
either during urea kinetics, using BIA, or anthropometric equations
and provides an estimate of fat-free body mass. The 0.58 factor is the
typical proportion of V as a fraction of total body weight (3). The
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resulting value, nPNA, can be compared to dietary records obtained
over the same interdialytic interval to evaluate adequacy of protein
intake.

The body turns over substantially more protein on a daily basis
than is reflected in nPNA, on the order of 300 g/day, most of which
is resynthesized into new body proteins. Subtle increases in degra-
dation rates or decreases in synthesis rates not offset by increased
intake can result in loss of lean body mass over time. Uremia per
se does not appear to significantly alter nPNA. However, the dialysis
procedure itself is an acute catabolic event, resulting in decreased
whole-body protein synthesis and an increase in whole-body protein
breakdown that persists for several hours after dialysis sessions. In
addition, there is some loss of blood and amino acids during dialysis,
which increase protein requirements. The ability to increase protein
synthesis to offset increased losses is limited (22), which can result
in significant catabolism in the presence of hypermetabolic or inflam-
matory states.

Care must be taken not to interpret nPNA data as a gold standard
surrogate for protein intake, even though it is objectively derived.
Protein intakes determined in this manner only accurately reflect
dietary protein intake under steady state conditions, which typically is
not the case in CKD patients undergoing renal replacement therapy.
Diet records and nPNA provide independent methods for estimating
dietary protein intake. As noted in Table 2, both have factors that
need to be considered in their interpretation, and ideally both methods
should be employed together to derive conclusions about the adequacy
of intake.

2.3.2. METABOLIC ACIDOSIS

Predialysis serum bicarbonate levels should be considered when
performing a nutritional assessment. Serum bicarbonate is not a nutri-
tional marker per se, but metabolic acidosis is frequently corre-
lated with low serum albumin (4,20,23), prealbumin, and nPNA (23).
Acidosis reduces albumin synthesis and increases amino acid oxidation
by stimulating branched chain amino acid oxidation, increasing the
ATP-dependent ubiquitin-proteosome pathway, and reducing insulin-
like growth factor and growth hormone receptor expression (23).

The presence of acidosis must be evaluated carefully because sample
collection technique and delays in analyzing the sample can cause
spuriously low results. Patients with good appetites, and thus higher
protein intakes, also tend to be acidotic because protein brings dietary
acid along with it. Interventional studies correcting serum bicarbonate



Chapter 4 / Nutritional Assessment 61

Table 2
Interpretation of nPNA

Observation Interpretation Consider

nPNA exceeds Only tentative Catabolic state

DPI or is conclusions e [nadequate energy intake

unexpectedly about protein e Presence of inflammation or

high intake inflammatory stressors (fever,
possible infection, etc.)

o Weight loss
e Metabolic acidosis
e Bioincompatible dialysis
membrane
Inaccurate diet record
Low lean body mass
nPNA less than  Only tentative Anabolic state

DPI or is conclusions e Corticosteroid use
unexpectedly about protein e Recovery from infection, illness
low intake e Pregnancy or growth
possible Inaccurate diet record
Edema

Excess body weight

nPNA = DPI nPNA reflects Conclude patient is in nitrogen
protein intake balance and nPNA reflects
intake if none of the above
apply

DPI (g/kg/day), normalized dietary protein intake; nPNA, normalized protein equiv-
alent of nitrogen appearance.

without changes in protein intake typically have not resulted in
improved serum albumin levels, suggesting the benefit of adequate
protein intake in maintaining serum albumin exceeds the potentially
deleterious effect of the associated higher acid loads on reducing
albumin synthesis.

2.4. Summary of Biochemical Assessment

Serum protein deficits arise from many etiologies in people with
CKD (18,24). Simple malnutrition is caused by insufficient nutrient
intake relative to requirements and responds to correction of deficient
intake. In contrast, malnutrition or wasting caused by inflammation and
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secondary effects of other comorbidities results in hypermetabolism
and inefficient utilization of nutrients. With this form of malnutrition,
simple nutritional repletion without measures to correct the under-
lying comorbidities and inflammation is ineffective. Because there
are interactions between inflammation, anorexia, and poor nutrient
intake, a multifaceted intervention strategy that optimizes dialysis
delivery, energy and protein intake, corrects concomitant conditions
(e.g., acidosis, anemia, uremia, medication side effects, economic
concerns, dental health, etc.), and addresses inflammation and elevated
proinflammatory cytokines is needed. Biochemical assessment is an
instrumental part in differentially diagnosing the etiology of protein
deficits in people with CKD.

3. DIETARY INTAKE ASSESSMENT
OF NUTRITIONAL STATUS

3.1. Major Challenges in Dietary Intake
Assessment in CKD

During the five stages of CKD, the major dietary and nutrient
challenges to nutritional status vary greatly, and for this reason, the
assistance of a registered dietitian (RD) is critical for improving
the patient’s eating-related QOL (25-32). Table 3 presents likely
problems with nutritional status that arise at the various stages of the
disease.

Table 4 presents the nutrients of greatest concern in dietary
assessment at each stage; note that in some cases, comorbid conditions
such as diabetes mellitus, GI disease, and other disorders common in
CKD patients may present additional problems. The choice of dietary
assessment methods depends largely on the stage of kidney disease
and the nutrients in need of increased attention, because it is these
nutrients that are likely to be lower or higher than optimal (33—44).

3.2. Dietary Assessment Tools

Table 5 presents some of the common methods to assess dietary
intake and the advantages and disadvantages of each. There are three
major types of dietary assessment tools that are useful in CKD. First,
there are tools that help the clinician assess intakes of specific nutrients
and energy. Examples include 24-h recalls and food records. Next are
tools that help one to assess dietary patterns that may vary greatly from
day to day (e.g. between sick and well days, or between dialysis and
non-dialysis days). Examples include 2-day assisted food records and
diet history. Finally, tools that assess eating-related QOL in kidney
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disease are available. These different tools provide the clinician with
a view of what the patient experiences subjectively and how he/she
feels about eating and how it is affected by the disease process from
day to day. One example is the Food Enjoyment in Dialysis (FED)
tool which will be discussed later (45).

3.3. Collecting Dietary Intake Data with Different
Tools

3.3.1. ASSESSING INTAKE ON SPECIFIC DAYS TO ASSESS
NUTRIENTS AND ENERGY INTAKES

3.3.1.1. 24-H Recall. The 24-h recall helps the patient to remember
his/her food intake on the previous day and to quantitate it (46—-52). The
interviewer needs to be trained to recall the patient’s exact food intake.
Accurate quantification is essential. Providing food models, bowls, and
plate and picture charts are helpful for collecting accurate intake data.
This tool assesses the actual intake of the patient. However, the 24-h
recall is not sufficient to describe the patient’s usual dietary pattern
because it covers a short time. The recall usually takes 20-30 min to
complete, but it may take longer if many different foods, ethnic foods,
or mixed dishes with various ingredients are consumed. The 24-h
recall is the most commonly used dietary tool in the United States, and
it is used in the National Health and Nutrition Examination Survey
(NHANES) (48-49) and the Nationwide Food Consumption Surveys
of Food Intake by Individuals. The interviewer can conduct a 24-h
recall on random days via telephone although accurate quantification
of food intake is more difficult unless the patient is instructed on
portion size in advance of the interview (50-52).

The strengths of the 24-h recall include that it does not require
literacy and it does not require the patient to change his or her dietary
habits because the data collection is done after the patient eats. Use of
dietary supplements can be easily included; these are important sources
of nutrients in many CKD patients. Also, all foods can be included as
choices are not confined to a food list. Serial 24-h recalls are helpful
in getting an idea of patterns of intakes and the ebbs and flows of
intake.

The limitations include the need for reliance on memory, need for
accurate quantification of portion size, and need for a highly trained
interviewer. In addition, underreporting is extremely common, and
therefore, quantitative estimates need to be combined with other indices
such as weight or weight change, hydration status, and so on to get a
true picture of the patient’s condition.
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3.3.1.2. Food Records. This method provides qualitative and
quantitative data on food intake. Food records are usually collected
for an average of 3 days including 2 week days and 1 weekend day
(46,47,52,53). For dialysis patients, the record should contain dialysis
and non-dialysis days and 1 weekend day because the eating pattern
changes based on the dialysis treatment itself and also on appetite
changes related to it. A 2-day diet diary can be used for HD patients
to monitor variation in food intakes between dialysis days and non-
dialysis days (Table 5) (30). Instruction on time of eating, foods,
beverages, portion size, snacks, methods of preparation, food ingested,
and special recipes should be included to collect accurate intake data.
Food models and household measuring cups and spoons are useful to
estimate portion size (46,54-56). If a patient participates in a research
study, provision of measuring instruments or even a household scale
for measuring food will help the patient record accurate data. Food
records should be carefully reviewed by a dietitian immediately after
completion to ensure that the detailed description of the foods and
recipes is accurate as it is difficult to code the foods for later analysis
if this is not done.

The major strengths of the food record are that it does not depend
as much on the individual’s memory, and the portion size estimates
may be more accurate because the records are ideally filled at the same
time of eating. Use of dietary supplements and medications containing
nutrients can be included.

Common limitations include under-reporting, mistakes in conver-
sion of weight and volume, alterations of eating habits during recording
periods, and the heavy burden it puts on patients (57-61). Patients
must be literate to collect and record their intakes. Nutrient intakes
are calculated using an up-to-date database and computerized dietary
analysis system.

3.3.2. DIETARY PATTERNS

3.3.2.1. Dietary History. The diet history is used to estimate the
patient’s usual food intake and meal pattern over a long period of time.
The components of the dietary history include usual eating pattern, a
crosscheck of frequency of consumption of specific food items, and a
3-day food record. However, the 3-day food record is usually omitted
and the time periods covered by the diet history vary. A shorter time
frame (less than 1 month) produces better validity, and obtaining of a
dietary history for a period over 1 year is unrealistic (46,47).

The major strength of the dietary history is that it provides a detailed
picture of the eating pattern (58,59,62—65). The weakness of the dietary
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history is that it requires a highly skilled interviewer. It takes 40-60
min to complete, is difficult to quantify, and is ill-suited for later data
entry into a computer. Therefore, it is rarely used today for clinical
and research purposes.

3.3.2.2. “Usual Intake”: Semi-Quantitative Food Frequency
Questionnaire. The Semi-Quantitative Food Frequency Questionnaire
(SFFQ) is used to assess the frequency of consumption of food items
and groups of foods during a specific reference time period, which
may or may not be the period the patient actually bases his/her recalls
on (46,47,66). The SFFQ provides the information of usual food
consumption patterns. The SFFQ evaluates usual intake of the foods
rather than food intake of specific days. The SFFQ has two compo-
nents, food list and frequency of consumption; seasonal variation of
specific foods can be also included in it. The SFFQ is most commonly
used for epidemiological studies because usual food intake patterns
appear to affect the outcomes of some diseases.

The advantages of the SFFQ are that it is relatively quick to admin-
ister. It can be administered by interviewers, by telephone, via mail,
or self-administered. Processing the SFFQ is inexpensive, and self-
administered versions are available from some processing centers.

Limitations of the SFFQ include the fact that in CKD there often
is no usual intake; intakes rise and fall from day to day as the disease
waxes and wanes, so that it is impossible for the patient to identify
a pattern. Also, the SFFQ portion size descriptions may be unclear,
and analysis of quantities of specific nutrients can be inaccurate.
The instrument is ill-suited for making estimates of total intakes;
it is really designed to distinguish between groups of patients. The
SFFQ should be validated and tested for reproducibility for use in
minority groups (67-73).

The most common SFFQs are Willett’s “Harvard” SFFQ and the
“Block” (National Cancer Institute) SFFQ in various forms (66,71,72).
These SFFQs come in different versions, and all of them are validated
by concurrent comparison with another method rather than against
a “gold standard” that represents actual intake. The SFFQs are not
used often to assess dietary intake in patients with CKD because the
multiple dietary restrictions that are involved in this population make
the assumptions about commonly eaten food groups invalid (74). The
items on vitamin and mineral supplements are not appropriate for
the types of dietary supplements common in CKD or among dialysis
patients, and oral nutritional supplements are not included on usual
SFFQs. The modification of these SFFQs for use in kidney disease
can perhaps someday be a useful tool to assess dietary intake for
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CKD patients in future studies. At present, simple food frequency
questionnaires can be used which take less time. However, it is difficult
to translate data from these questionnaires into quantitative estimates
of patients’ daily nutrient intakes.

3.4. Nutrition Quality of Life

The assessment of QOL is a novel approach to assessing dietary
intake and quality. Nutrition-related QOL is the physical enjoyment
of food along with its social and nurturing aspects and is a separate
and distinct concept from other more general aspects of health-related
QOL. It is focused on problems associated with food, eating, and
nutrition and how these factors affect the patient’s overall QOL.
Dietary intake, nutritional status, and health-related QOL are related
in CKD patients, especially in maintenance dialysis patients. The
progression of kidney disease and the dialysis treatments alter patients’
physical and functional status. These changes also affect patients’ food
preferences and intakes, presumably eventually changing their overall
QOL and possibly their nutritional status (28,29,31,75-77).

A new tool to measure nutrition-related QOL, the FED tool, has
been developed (45). The FED is a subjective and self-administered
questionnaire addressing changes of appetite, taste, smell, thirst, GI
symptoms, and medications that often occur in illness or other condi-
tions. It can be used with other tools that are used for measuring
QOL, such as the Medical Outcome Study Short Form 36 (MOS SF-
36) (76) or the Kidney Disease Quality of Life (KDQOL) question-
naire (78), and for measuring dietary intake, such as food records and
SFFQs, to develop a fuller picture of what is going on in the patient’s
eating-related life. Data from the FED tool may be helpful to health
care providers in crafting dietary interventions for dialysis patients that
maximize QOL, as well as in monitoring changes in nutrition-related
QOL. The hope s that, taken together, the use of these tools will be helpful
not only in monitoring but in crafting interventions to prevent malnu-
trition and to improve enjoyment of food and overall QOL. However,
additional research needs to be done to establish the validity and
reliability of this instrument and its association with health outcomes.

3.5. Using Dietary Intake Data to Counsel
Patients with CKD Using the Kidney Disease
Outcomes Quality Initiative Guidelines
In our experience, dietary records supplemented by dietary recalls

and some assessment of QOL are most useful (79-81). The KDOQI
guidelines are evidence-based clinical practice guidelines that are
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reasonable for counseling patients with CKD. They include nutritional
components that are related to overall outcomes of CKD. It is suggested
that 3-day dietary records and 24-h dietary recalls used periodically
will monitor intake of protein, energy, and other nutrients in patients
with CKD to prevent malnutrition. Once an appropriately detailed
assessment has been obtained, the results should be compared to these
guidelines and an assessment made. If intakes do not meet the guide-
lines, action is warranted. It is important to make sure that the intake
is accurate and that low intakes are truly low and not the result of
forgetfulness or an inability to complete the forms. Failure to include
oral nutritional supplements and dietary supplements will make micro-
nutrient intakes lower than what is consumed. It is important to include
dietary supplement use as so many patients receive micronutrients
from them, particularly in the late stages of CKD.

3.6. Newer Methods for Assessing and Planning
Usual Dietary Intakes Using the Dietary
Reference Intake

The state of the art for assessing and planning of usual intakes is
to use the statistical techniques developed by the Institute of Medicine
(IOM), National Academy of Science (NAS) in its recent publications
on the Dietary Reference Intakes. These methods are usually reserved
for research purposes and the assessment of large groups of subjects
(46). It is worthwhile to read the publication to obtain guidance for
assessment of individuals as well as to become familiar with the basic
techniques for use in CKD. Several publications addressing different
needs are now available (26,35).

3.7. Needs for Further Research on Dietary
Assessment and CKD

There are several critical needs for improving dietary intake
assessment in CKD (26,35,82,83). They include finding simple ways
for patients to record their intakes frequently and easily so that “usual”
intakes can better be assessed. It is difficult for patients not to change
their intake, at least for the first few days while they are keeping
food records; multiple records are likely to be more representative of
true intake. Additionally, in CKD, especially in the later stages of the
disorder, intakes vary considerably from day to day and they are only
assessed occasionally. Thus, a true picture of actual intake over the long
term is very difficult to obtain. Also, true intake is more likely to be
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lower than recorded intakes as patients seldom record their food intakes
when they are critically ill and often forget some items that they ate.

A second challenge is to find better ways to document under-
reporting of intake, which occurs strikingly in obese patients, but in
all patients. Over-reporting is also a problem among patients who are
frequently ill because they fail to report intakes on such days.

It is also important to develop better ways to report intake
of dietary supplements commonly used in CKD. The field needs
more validated and better nutrition-related QOL instruments, better
automated recording methods, and better dietary analysis software for
both medical foods and dietary supplements commonly consumed by
those with kidney disease.

3.8. Summary of Dietary Intake Assessment

Dietary assessment in CKD is challenging because dietary intakes
vary greatly from day to day, dietary and oral nutritional supplements
are often used, and patients may find it difficult to report intakes. The
dietary components of particular concern vary somewhat depending
on the stage of the disease and the nutritional status of the individual
patient. In general, food records and some assessment of appetite are
appropriate.

4. ASSESSMENT OF BODY COMPOSITION

Body composition can be assessed at levels ranging from the simple
such as subcutaneous fat thickness to the complex such as amounts of
total body potassium. The body compartments of most common interest
are adipose and muscle tissues, which are available for energy needs,
but among persons with CKD, these compartments can also affect
chemical and water balances, the dose of dialysis and nutritional recom-
mendations. Adults with CKD can be elderly with low body weights,
low body mass index (BMI), and low levels of body fat and muscle
mass (86,87) or African-American, overweight or obese with high
BMTI’s and levels of body fatness (88). Members of these and similar
groups are likely to have CVD, diabetes, and other comorbidities
associated with CKD (89). Selecting an assessment method depends
upon the body compartment of interest and the availability of compar-
ative reference data. Assessing body composition in adults with CKD
can facilitate the prescription and monitoring of appropriate clinical
and nutritional therapies (90). This chapter provides an update of body
composition assessments in adults with CKD (91).
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4.1. Levels of Body Composition

The body’s composition can be described as amounts of elements
like oxygen, carbon, nitrogen, potassium, and calcium, or molecules
such as water, or properties of tissues, such as density or resistance
or tissue thickness, or the weight of a compartment or tissue as a
percentage of body weight. Total body nitrogen and potassium are
measures of protein stores, and total body calcium is a measure of
total body bone mineral. Changes in amounts of nitrogen, potassium,
and calcium affect persons with kidney disease and can contribute to
comorbidity. Measures of isotopes of oxygen and hydrogen can be
used to determine energy expenditure and the amount of TBW. At the
tissue level, body composition consists of adipose, muscle, and skeletal
tissues. Descriptions of these levels are based upon findings from
healthy adults, but these levels and interactions among them change
with age and especially with the presence of CKD and associated
comorbidity. In addition, there are sex and race factors and effects on
body composition that should be considered for adults diagnosed with
CKD.

4.2. Measures of Body Composition

There are direct and indirect assessments of body composition.
Direct assessments generally measure at the elemental, molecular, or
cellular level and are accurate but frequently invasive, while indirect
methods are less accurate measures at the molecular and tissue level.
Neutron activation determines specific elements by exposing the body
to a source of high energy neutrons (92). Total body counting measures
the decay of naturally occurring isotopes in the body, many of which
are present in tissues at known concentrations, such as potassium
40. Computed tomography (CT) uses the attenuation of X-rays and
radiographic densities of different body tissues to produce images via
software. Magnetic resonance imaging (MRI) measures the energy
released by the changing orientation of hydrogen protons in a strong
magnetic field to produce images also from software. Both CT and
MRI can quantify anatomical amounts of muscle and adipose tissues
especially visceral adipose tissue (93,94). MRI body composition data
are available (95), but reference data from this and other body compo-
sition assessments in groups of healthy adults are limited (96).

A summary of assessment methods and their utility is given in
Table 6. These methods are for healthy adults where body composition
parameters are static. The methods applicable to adults with CKD are
dual energy X-ray absorptiometry (DXA), BIA, TBW, and prediction
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Table 6
Body Composition Assessment Methods

Method Assessment Precision  Reliability  Utility
Neutron Total body Very high Very high Low
activation nitrogen,

calcium
Computed Bone, adipose Very high  Very high Low
tomography tissue
Magnetic Adipose tissue ~ Very high  Very high Moderate
Resonance
Spectroscopy
Dual Energy Bone, adipose Very high Moderate  High
X-ray tissue,
Absorptiometry fat-free mass
Total body Total body High Moderate  Moderate
water water,

fat-free mass
Total body Total body High Moderate  Moderate
scanning potassium 40
Bioelectrical Total body Very high Moderate  High
impedance water
Anthropometry  Body size, High to Moderate  Very

subcutaneous medium high

adipose tissue

(97-100), but their use is affected by the incompatibility of the assump-
tions of these methods and the dynamic effects of kidney disease and
dialysis on the body’s composition, due in part to the unknown effects
of high levels of extra-cellular fluid and solute on the quantification
abilities of these methods in the predialysis state. For adults under-
going dialysis, assessments are best obtained afterwards when body
fluid compartments are in a relatively normal inter-relationship.

4.2.1. DuaL ENERGY X-RAY ABSORPTIOMETRY

DXA quantifies bone mineral content (BMC) and bone mineral
density of the hip and spine primarily for diagnosing osteoporosis. The
differential attenuation of two low radiation energy levels through the
body and subsequent computer calculations allow the quantification
and total and regional analysis of adipose and soft tissues and estimates
of fat mass (FM) and non-skeletal fat-free mass (FFM) (101-103).
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DXA is convenient for measuring body composition in healthy adults
and is of potential value in dialysis patients (/04). DXA measures are
generally independent of age-, race- and gender-sensitive assumptions,
but the inherent problems and assumptions of DXA regarding levels
of hydration, potassium content, or tissue density to the estimation of
soft tissue values should be considered carefully for adults with CKD
(105-107).

DXA is an easy and convenient method for measuring body compo-
sition in most adults, and it is currently included in the ongoing
NHANES (708). However, it is limited by restrictions on body weight,
length, thickness, and width as a function of the available table scan
area with each manufacturer and type of DXA machine, that is, pencil
or fan beam. Many overweight and obese adults are too wide and too
thick for a whole body DXA scan with current machines (/09).

DXA estimates of body composition are also affected by differ-
ences among manufacturers in the technology, models and software
employed, methodological problems, and intra- and inter-machine
differences (106,110,111). The sum of the total body weights of FFM,
BMC, and FM should be within less than 2kg of measured body
weight; otherwise, concern should be raised for measurement and
machine accuracy. Inter-machine and inter-method comparisons of
DXA body composition estimates should be done cautiously. Regular
maintenance and calibration preserve the accuracy of DXA machines.

4.2.2. ToraAL Bopy WATER

TBW is quantified by isotope dilution using deuterium or tritium in
urine, saliva or plasma by mass spectrometry, infrared spectrometry,
or nuclear magnetic resonance spectroscopy (//2—115). The equili-
bration time for isotope dilution is about 2-3 h, but this is not well
documented, and variation in equilibration times with body size are
poorly understood in healthy adults much less the obese and those
with CKD. TBW needs to be corrected for natural abundance and
isotope exchange (111). Extra-cellular water (ECW) is also quantified
by chemical dilution using bromide as NaBr or other chemical elements
similar to chloride (//6,117), that estimate extra-cellular chloride
space. Bromide concentration in plasma is measured by high pressure
liquid chromatography.

FFM calculated from TBW assumes an average proportion of TBW
in FEM of 73%, but this ranges from 67 to 80% (118,119). However,
as much as 30% of TBW is present in adipose tissue as ECW in normal
adults, and this increases with the degree of adiposity in overweight and
obese adults and those with CKD, but available reference values are
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out of date. These proportions are higher in women than men, higher in
the obese, and can produce underestimates of FFM and overestimates
of FM in healthy adults. Variation in the distribution of TBW and
ECW due to obesity-associated comorbidity, such as diabetes, CVD,
and kidney failure, further affects estimates of FFM and FM based on
TBW.

TBW reflects urea distribution and is altered by renal insufficiency
(99,120). The prediction of TBW volume (V) in adults needing dialysis
is used to prescribe and monitor treatment (97). It is also used to
calculate the dose of dialysis in the determination of Kt/V (121-123),
but V has frequently been predicted from equations of Watson based
on non-representative White samples (/24). New prediction equations
for TBW from anthropometry and from BIA for White, Black,
and Mexican-American children and adults (/14,125,126) have been
published. The heterogeneity of comorbid conditions afflicting adults
with CKD increases the errors of these equations.

4.2.3. BIOELECTRIC IMPEDANCE ANALYSIS

Bioelectric impedance at 50kHz is used to estimate TBW, FFM,
and Total Body Fat (TBF) from measures of the resistance of the body
to a small alternating electric current at very low amperage (127).
Bioelectric impedance measured at multiple frequencies differentiates
the proportions of intra- and extra-cellular fluid volumes. All BIA
analysers employ some form of predictive modeling to obtain estimated
outcomes, but large errors for adults are a limitation, especially in the
presence of disease or comorbidity. BIA is used for dialysis patients
in the prescription and monitoring of the adequacy of dialysis based
on urea kinetic modeling (97). BIA assessments of TBW in dialysis
patients is an area for continued investigation (/28,129).

The conductor is body water, and BIA measures its impedance
which is the vector relationship between resistance and reactance at a
frequency. Resistance is the opposition of the conductor to the alter-
nating current as in non-biological conductors, and reactance is from
the capacitant effect of cell membranes, tissue interfaces, and non-
ionic tissues (/30). A conductor’s volume is proportional to its length
squared divided by its resistance, where stature (S) is squared and
divided by resistance (R) as an index of body volume, so that S*/R, is
directly related to the volume of TBW (/27). The impedance index is
used to estimate FFM and FM, but this is based upon the fraction of
73% of TBW in FFM. Because the hydration fraction of FFM is not
constant, S?/R is combined with anthropometric data to predict body
composition based upon results from other methods.
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Multi-frequency BIA uses at least two different frequencies. At
low frequency, the current is unable to pass through cell membranes
so that low frequency currents are conducted only through ECW.
At high frequency, currents penetrate cell membranes and thus are
used to estimate TBW. When predicting body fluid volumes with
multi-frequency BIA, the analysis may need to be adjusted for the
effects of the fluid containing materials of differing conductive capacity
(131). The mixture effects are greatest at low frequency because the
conductive volume, presumably ECW, is a smaller proportion of the
total volume. This approach has been used successfully by a number
of investigators to monitor changes in ECW, TBW, and FFM under a
variety of conditions (/32—135).

BIA prediction equations for estimating body composition describe
statistical associations based on biological relationships for a specific
population and are useful only for adults that closely match the
reference population in body size and shape. The ability of BIA to
predict fatness in obese adults is limited because there is a large
proportion of body mass and water in the trunk, the hydration of FFM is
lower, and the ratio of ECW to TBW is increased. Prediction equations
resident in commercial single-frequency impedance analysers are
not recommended unless sufficient information is provided by the
manufacturer regarding their predictive accuracy, errors, and the
samples used to develop them. BIA can be used for segmental assess-
ments also.

4.2.4. ANTHROPOMETRY

Anthropometric methods are practical, inexpensive techniques that
describe body size, identify levels of fatness and leanness in adults
with CKD. The body measurements listed in Table 7 were collected
in the MDRD and the Hemodialysis (HEMO) studies (136,137), using
standardized methods (/38). Standardized anthropometric techniques
are necessary for comparisons among studies and for assessing nutri-
tional status of an individual using reference data from the NHANES
(88,138,139). Measurements are taken on the right side, but because of
a cast or an amputation, the left side can be used. As vascular access
changes, circumference and skinfold measurement locations also shift.
An instructive video is available (1/40).

Stature and weight describe body size and mass. Weight is a measure
of total energy stores, leanness, overweight, and obesity, and adults
with high body weights tend to have high amounts of body fat and
vice versa. Weight combined with stature squared or BMI is an index
of overweight or obesity (and leanness). There are extensive national
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Table 7
Anthropometric Measurements for Use in Assessing Chronic Kidney
Disease
Measurement Assessment Accuracy  Reliability  Utility
Stature Total body size ~ Very high Very high High
Weight Total body size ~ Very high Very high High
Triceps skinfold  Adipose tissue Moderate  Very high Moderate
Subscapular Adipose tissue Moderate Moderate =~ Moderate
skinfold
Arm Fat-free mass High Moderate  Moderate
circumference and adipose
tissue
Calf Fat-free mass High Moderate Moderate
circumference
Knee height Lower leg High High High
length
Elbow breadth Body size High Moderate  Moderate

reference data available for BMI, and it has established direct relation-
ships with levels of body fatness, and BMI values above 25 are
associated with increased morbidity and mortality (/47). Obesity is
common among adults with CKD, but sarcopenia (loss of muscle
mass) can cause a normal weight adult to become “obese” because of
a high percentage of body fat in a condition recognized as sarcopenic
obesity (142).

Skinfolds measure subcutaneous fat thickness, and abdominal
circumference is an index of internal adipose tissue (/43). Midarm
circumference and triceps skinfold are combined to calculate midarm
muscle area. Midarm muscle area and calf circumference are related
to levels of protein stores or used as a marker for FFM. Calf circum-
ference is an indirect measure of muscle mass (/44). Elbow breadth
is a limited index of frame size (/45), and knee height is used to
estimate stature (/46,/47). Standardized body measures should be
taken immediately postdialysis.

4.3. Effects of Dialysis

Adults with CKD can be difficult to measure (/39), and two
health technicians are frequently required to gather health information.
Decreased functional status and increased comorbidity are challenges
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to body composition assessment methodology. Adults with CKD and
those undergoing dialysis can find standing difficult and some are
chair- or bed-ridden due to amputations. Recumbent anthropometric
techniques can be used with those unable to stand upright (/39), and if
stature cannot be measured, it is estimated from knee height (/47). For
those with bilateral, below-the-knee amputations, there is presently no
suitable method of estimating stature.

Anthropometric data for those receiving dialysis should include
postdialysis measures of weight, stature, calf circumference, arm
circumference, and triceps and subscapular skinfolds (88). Adults with
CKD and diabetes and especially those receiving dialysis can have
large weights, BMI, arm circumferences, and skinfold thicknesses
compared with those without diabetes. Adults on dialysis for 5 years
or more tend to have smaller weights and skinfolds than those on
dialysis less than 5 years. Adults receiving dialysis tend to be shorter,
lighter and have less adipose tissue than healthy persons of the same
ages based on data from NHANES 1II (/48). Limited anthropometric
reference data for dialysis patients have been published (/49), but the
recent HEMO Study anthropometric data provide a clinical reference
for adults with Stage 5 CKD (88).

4.4. Statistical Estimations of Body Composition

Statistical methods can be used to predict body composition for
groups or individuals when other methods are not possible (/50).
Predicting body composition requires a regression equation with FM,
TBW, or FFM as the dependent variable. The selection of predictor
variables depends on their biological and statistical relationships to
the outcome variable, and the strength of these relationships affects
the accuracy or precision of the prediction equation. Regression
methods include forward selection, stepwise and backward elimination
regression, and these are used if the predictor variables are not very
inter-related. Stature and weight are inter-related, and if used together
in the same equation, this can reduce precision and accuracy. If so,
a maximum R? or an all-possible subsets of regression procedure are
analytical choices.

Regression analysis assumes bivariate relationships between
outcome and predictor variables are linear, and it is assumed that the
dependent variable is normally distributed in order to allow statis-
tical inferences about the significance of the regression parameters. A
large sample results in more precise and accurate prediction equations
than a small sample, but the necessary sample size is a function of
the correlations between the outcome and predictor variables. The
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sample size required to achieve accuracy on cross-validation depends
on the number of predictor variables, the bivariate relationships among
the dependent variable and the predictor variables, and the variance of
the dependent variable in the cross-validation sample.

Numerous prediction equations for TBW, FFM, FM and %FM from
anthropometry and for TBW and FFM from BIA for non-Hispanic
white, non-Hispanic black, and Mexican-American children and adults
have been published (//4,125,126). Many of these equations are for
whites only, but there are a limited number for Native-American,
Hispanic-American, and non-Hispanic black American samples (/517,
152), and BIA prediction equations for TBW and FFM are available
for non-Hispanic white, non-Hispanic black, and Mexican-American
children and adults (125).

4.5. Limitations and Sources of Error

It is important to account for the limitations of body composition
assessments. Each method at best has an error of at least 2-3% body
fat when compared with other methods (/53), due in part to fact that
body composition in a living person is dynamic. Also, the effect of total
body or regional alterations in water content on methods in adults with
CKD is often not well understood. Disease states affect hydration status,
and an abnormal hydration status alters the assumptions underlying body
composition methods. In nephritic or CKD patients with truncal edema
(ascites), BIA may underestimate body water to a substantial degree. In
some with CKD, total body potassium may not correlate closely with
total body nitrogen, which is an indicator of total body protein. Also,
in CKD, total body potassium may not be a good estimate of FFM (90).

4.6. Alterations in Body Composition with Age,
Gender, and Ethnicity

In healthy adults, relationships among body constituents and compart-
ments tend to be stable, and this allows comparisons among levels of
body composition. However, these static relations become dynamic with
aging and disease, and variations occur also as a function of gender and
ethnicity. Changes and variations among body constituents and compart-
ments affect estimates of body composition and increase the errors of
these estimates. Changes in weight parallel energy and protein balance.
Body weight varies about +1.0 kg/day, but a consistent loss in weight
of more than 0.5 kg/day over time indicates possible negative energy
and/or water balance. Weight gains or losses are also associated with
changes in the subcutaneous and visceral adipose tissue. In middle-
aged adults and the elderly, fat redistributes to the trunk with aging.
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Adipose tissue decrease on the arm and the leg with age, but subcuta-
neous and internal adipose tissues increase on the trunk. These changes
can be associated with deterioration of limb and abdominal muscle
structure or tone as well as changes in fat patterning. Post-menopausal
women are reported to have more upper-body fat than pre-menopausal
women so that some changes may have endocrinological significance.

There are ethnic differences in body composition also. These
differences are affected by differences in socioeconomic status, diet,
utilization of health care, and levels of genetic admixture. African-
Americans have more dense bones and tend to have more bone mineral
than non-Hispanic whites (/54). At the extremes of the distributions
for body fatness, there are more African-American women than non-
Hispanic white women.

4.7. Reference Values

The NHANES is conducted by the National Center for Health
Statistics (NCHS), Centers for Disease Control and Prevention. These
surveys use multiple methods of data collection that include interviews,
physical examinations, physiological testing, and biochemical assess-
ments from a representative sample of non-institutionalized civilian
residents of the continental United States including Alaska (755).
Distribution statistics for stature, weight and selected body circum-
ferences, breadths, and skinfold thicknesses are available from the
NHANES at http://www.cdc.gov/nchs.

Estimated means from single-frequency BIA for TBW, FFM, FM,
and %FM of non-Hispanic white, non-Hispanic black and Mexican-
American adults from the third NHANES between 1988 and 1994 are
presented in Figs 1-4 (//8). Current NHANES data for BMI have
been published, and body composition estimates from DXA are in the
current NHANES (108).

NHANES III means for TBW, in Fig. 1, are estimated from BIA for
non-Hispanic white, non-Hispanic black, and Mexican-American men
and women. TBW means for these men and Black women are approx-
imately 2 to as much as 9L greater than that reported or estimated
previously (91,114,115). The large TBW volumes in the non-Hispanic
black women and of the other groups of men and women, in Fig. 1,
reflects the greater levels of obesity reported for these segments of
the population and noted in Figs 3 and 4 (/18,156). The TBW data
represent cross-sectional results of separate age cohorts, and the age
trends reflect differences between these cohorts rather than slopes
computed from serial measurements. There is limited serial TBW data
for adults in middle age, which indicate that TBW is relatively stable in
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Fig. 1. Estimated means for total body water (TBW) from National Health and
Nutrition Examination Survey III by 10-year age groups from 20 to 80 years for
non-Hispanic white (W), non-Hispanic black (B), and Mexican-American (M)
men and women.
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Fig. 2. Estimated means for fat-free mass (FFM) by 10-year age groups from 20

to 80 years for non-Hispanic white (W), non-Hispanic black (B), and Mexican-
American (M) men and women.
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Fig. 3. Estimated means for TBF by 10-year age groups from 20 to 80 years for
non-Hispanic white (W), non-Hispanic black (B), and Mexican-American (M)

men and women.
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Fig. 4. Estimated means for %FM by 10-year age groups from 20 to 80 years
for non-Hispanic white (W), non-Hispanic black (B), and Mexican-American (M)

men and women.
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healthy adults (715). It is likely that TBW decreases after menopause
and at older ages, but the degree of this decline is unknown.

4.8. Summary of Body Composition Assessment

There are a variety of methods available for assessing body compo-
sition, but the selection of a method depends upon what needs to be
known and why. Regardless of the method selected, none are perfect,
and the errors surrounding a body composition assessment should not
be ignored. Errors can have clinical relevance, especially if the person
is treated and observed over time, and these methods are only as good
as the limits of the errors surrounding their estimates. However, the
estimates are only as useful as the availability of suitable reference
data from a group of persons of at least the same age, race, and gender.

What has been described has been the status quo for assessing
protein-calorie nutrition, but what are our needs of improving current
methods or of developing new methods? The development of accurate,
inexpensive, noninvasive, portable methods of estimating body compo-
sition, body hydration, and fat patterning would facilitate greatly future
investigations. Areas for particular interest for study are the complex
relationships between changes in body composition and nutritional
status, physiological and psychological health, resistance to acute and
chronic diseases, and longevity in normal and clinical circumstances.
Future work should emphasize comparisons between men and women
for biological, social, and behavioral factors affecting changes with age
in body composition. However, the most pressing need is for the devel-
opment of reference data for anthropometry and body composition in
large representative samples of African, non-Hispanic, Hispanic, and
Asian Americans of all ages. Reliable and representative reference data
for anthropometry and body composition are needed before reliable
and valid prediction equations can be developed for epidemiologic and
clinical use.

This work on Body Composition Assessment was supported by
grants HD12252, HL0O72838, HL069995, and DKO071485 from the
National Institutes of Health, Bethesda, Maryland.

5. NUTRITION PHYSICAL ASSESSMENT

5.1. Physical Assessment Mandates in Chronic
Kidney Disease
During the past 30 years, renal dietitians have been first encouraged,

and more recently mandated by regulatory and professional organi-
zations, to perform nutrient-focused physical assessments. The first
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Medicare conditions for coverage in End Stage Renal Disease
(ESRD) facilities (157) asked RDs “to assess the nutrient and
dietetic needs of each patient.” The language separating “nutrient
assessment” and “dietetic needs” suggested a two-step process to
identify vitamin/mineral imbalance, then translate nutritional require-
ments into foods, menus, and appropriate supplementation. Given the
potential for both deficiency and toxicity inherent in CKD, physical
assessment findings were clearly valued in evaluating micronutrient
status in patients undergoing dialysis therapy.

The 1995 Comprehensive Accreditation Manual (/58) for the
Joint Commission on Accreditation of Healthcare Organizations
(JCAHO) defined nutritional assessment as a “‘comprehensive approach
to defining nutrition status which employs medical, nutrition, and
medication histories; physical examination; anthropomorphic measure-
ments; and laboratory data.” In addition, “physical examination for
manifestations of nutrient deficiency or excess in all high risk
patients” was mandated—a population easily including end-organ
failure patients. The year after the JCAHO mandates, the American
Dietetic Association (ADA) identified basic physical assessment as
a clinical competency for on-the-job entry-level dietetics practi-
tioners (159). Performing physical assessments remain in Standard 1
of Nutrition Assessment in the 2005 Scope of Dietetic Practice
Framework of the ADA (160).

The NKF KDOQI Nutrition Guidelines (/6/) validated the
Subjective Global Assessment (SGA) as a useful measure of protein-
energy nutrition status, concentrating on its concurrent evaluation of
somatic stores and nutrient intake. Most recently, the 2005 proposed
revisions to Medicare conditions for coverage in ESRD facilities (162)
retained initial mandates, with expanded goals to “achieve and sustain
an effective nutritional status.” Effective nutritional status is defined
as acceptable levels of “nutrients in the blood,” with “clinical signs of
nutrient deficiency” recognized as potential outcome measures.

With physical assessment clearly acknowledged as an essential skill
in Medicare/KDOQI directives, JCAHO recommendations, and the
ADA’s Scope of Practice, RDs are supported by clinical and profes-
sional guidelines to pursue nutrient-focused physical examinations.

5.2. Format of the Nutrition Physical
Examination
Nutrient-based lesions are observed on the external surfaces of the

body—its surface anatomy (/63). Because nutrients play defined roles
in tissue synthesis, deficiency and toxicity can modify normal structure.
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Altered tissue integrity observed in the mouth, skin, hair, eyes, and nails
provides clues to nutrient(s) involved, the time frame of nutritional injury,
and the functional deficits which may exist. Many NPE overviews have
been published (/64-167), but Kight’s NPE has been used in patients
with CKD as a template for comprehensive physical examinations (/68),
Medical Grand Rounds (169), and case study work (/70). The NPE
begins with an examination of oral and perioral structures, skin and
related structures (eyes, hair, and nails), and concludes with a systems
assessment (cardiovascular, central-nervous, endocrine, GI, immuno-
logical, musculoskeletal, and renal) that allows functional assessment.
The SGA initially put forward by Detsky (/7/) and modified
for the CKD population by McCann (/72) focuses on altered fluid
balance and somatic fat, muscle wasting. Changes in weight, dietary
intake, GI symptoms, functional capacity, and disease processes are
also considered. The tool can be scored, which provides the potential
for longitudinal evaluation in response to therapy. Its application in
patients with CKD was recently reviewed by Steiber et al. (173).

5.3. Approach to the Nutrition Physical
Assessment

Brief tutorials on physical examination techniques useful in discov-
ering altered surface anatomy are presented. Because RDs are more
familiar with a nutrient-focused approach, comprehensive nutrient
assessments for vulnerable nutrients summarize nutrient disposition,
dietary sources, drug/nutrient interactions, laboratory evaluation, and
medical comorbidity data. Niacin, vitamin B¢ (V-By), and zinc have
been selected for in-depth review, given their altered nutrient dispo-
sition with kidney failure (see Figs 5, 7, 9).

Historical findings in deficiency/toxicity, functional deficits, and
biochemical validation of lesions documented in patients with stage
5 CKD are described for each vulnerable nutrient. Early literature is
frequently cited, as deficiency in humans has long been documented
and human research committees today are loathe to approve depletion
studies on nutrients already known to be essential. When understood,
mechanisms of deficiency and toxicity are described. Newer, more
salient research in kidney failure is reviewed, chosen specifically for
its future application in this disease. Nutrient-based lesions identified
in niacin, V-Bg, and zinc are given in Figs 6, 8, and 10, respectively.

5.4. Physical Examination Techniques

Classic physical assessment involves inspection, palpation,
percussion, and auscultation, generally performed in that order (/74).
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Vitamin/mineral imbalance in dialysis patients affects tissue integrity
of the mouth, skin, scalp, eyes, hair, hair follicles, and nails. Inspection
and light palpation are techniques used most frequently. While presen-
tation of vitamin and mineral lesions can be discrete, they are generally
bilateral in the absence of injury.

5.4.1. EXAMINATION OF THE MOUTH

The lips are smooth, a deeper color than the face, with a clear
vermilion border. Vertical cracking (cheilosis) or erosion at the corners
(angular stomatitis) may be observed in active lesions; scarring may
be present if deficits have occurred in the past. Breath odor suggests
gingivitis if dank with decayed food, oral Candida if yeasty in people
with diabetes or iron deficiency (/75), or elevated BUN if ammoniacal
(174). An understanding of the patient’s dental hygiene, time since
the last dental visit, and bleeding with brushing will help determine
the etiology of oral lesions. Cracked, fractured teeth at the gum line
become sources of infection and abscess. Ill-fitting dentures following
weight loss adversely affect ability to chew and may cause maceration
at the corners of the mouth. The extended tongue will reveal color
and texture. Usual pigment is deep pink, with fingerlike projections
(papilla) scattered evenly over the surface of the tongue. Erosion of
papilla at the tip and lateral aspects of the tongue may suggest early
nutrient deficiency; balding with complete atrophy and lesions suggests
long-term disease (/76). The bald tongue on nutrient replacement will
develop new papilla in the central portion of the tongue first, with
papilla returning at the tip and lateral aspects last.

5.4.2. EXAMINATION OF THE SCALP, HAIR, AND SKIN

The scalp is observed at the natural separation in the hair and is
intact with natural oil. The patient is asked to show areas of soreness
or itching. Frequency of hair washing affects texture of hair and may
correlate with itchiness. Hair should be evenly distributed without
patchiness on the scalp. Absence of hair on the lower extremities
may suggest vascular compromise. The hair shaft is straight, whether
round or flat, emerging easily from a smooth hair follicle. A magnifier
will help establish whether the shaft is coiled or the follicle is hyper-
keratosed. Skin along the hairline, behind the ears, and between the
eyebrows is in tact with adequate lubrication; in nutrient deficiency,
these are primary sites for seborrheic-like dermatitis. Skin around the
neck and shoulders, along the arms and down the lower extremities, is
assessed for skinfold, muscle integrity.

Observing the scalp at the hair part, the skin at the midpoint of the
upper arm, and above the lateral malleolus (ankle) will provide easy
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reference points for future comparison. Periorbital and sacral tissues
may be sites for edema; pitting at the ankle or sock line upwards
toward the knee may be graded.

5.4.3. EXAMINATION OF THE EYES

The tissue adjacent to the eyes should be intact, without inflam-
mation or swelling. The lateral palpebral commissure (corner of the
eye) is generally darker in color, without redness or irritation. Eyes
are adequately bathed, without excessive tearing. The lower palpebral
conjunctiva is examined by placing the index finger beneath the lower
eyelid and gently easing the facial tissue downward, as the patient looks
up. Normal conjunctiva shows a rich pink capillary bed beneath a pale
anterior rim; pallor is defined as little or no red color beneath the anterior
rim (177). The iris meets the white sclera at the limbus. A raised yellow
plague (pinguecula) is a normal finding that may emerge along the
horizontal plane of the eye at the limbus in aging (/74). However, clear
glass-like crystals, observed by glancing a light off the surface of the eye
at the limbus in the 3:00 and 9:00 positions of the eye, suggests calcific
band keratopathy resulting from calcium/phosphorus imbalance (178).

5.4.4. EXAMINATION OF THE NAILS

Normal nail plates are clear in color, smooth in texture, and convex
in both directions. Longitudinal dyschromic bands or vertical ridging
in the nail plate are normal variants. Rubbing a gloved thumb over the
nail plate from side to side, nail bed to tip will reveal abnormalities in
shape and texture. Spooning of the nail plates (koilonychia) suggests iron
deficiency or environmental exposure to water (/79). Horizontal ridging
is abnormal, and of particular significance when found as Beau’s Lines,
singular arcuate erosions seen on all nail plates (/80). Pitting may occur
in psoriasis. The nail bed is pink in color, with a half mooned lunula at
the proximal nail. The nail bed blanches when light pressure is applied at
the nail tip, with capillary refill in less than 3 seconds. Tissue around the
nail is smooth without signs of inflammation or infection.

5.5. Physical Findings and Functional Deficits in
Niacin, V-B, and Zinc Imbalance

5.5.1. NIACIN

Pellagra was prevalent for many years with the understanding that
it occurred with poverty and corn intake. Joseph Goldberger of the
United States Public Health Service reproduced pellagrous symptoms
in dogs, leading to the discovery that yeast could prevent and cure
pellagra (181). Bean (176) graded the symmetrical, bilateral dermatitis
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Drug/Nutrient Interactions:
Statin-type Hypolipemics (255)
5-Fluoro-uracil (194)

Isoniazid (794)

Pyrazinamide (7194)
6-mercaptopurine (194)
Hydantoins (194)
Phenobarbitol (794)
Chloramphenicol (7194)

Deficits in iron, riboflavin, or
Vitamin Bg, Zinc decrease
conversion of tryptophan to
Niacin.

With adequate co-factors, 60
mg dietary tryptophan is
converted to 1 mg Niacin

[ ption/Elimi
Function: Co substrate, coenzyme
for hydride ion transfers in
dehydrogenases.

Absorbed: Stomach and intestine
by Na+ facilitated diffusion at usual
intakes; passive diffusion at high
intakes

Elimination:  Excess excreted in
urine (normals); Niacinamide is
metabolized in the liver

Biochemical Evaluation:
Plasma 2-Pyridone niacin
derivative

Plasma N1-methyl-nicotinamide

High Niacin/Toxicity:
Elevated Liver Function Tests
(LFT's) (257)

Elevated Bilirubin (257)

More prevalent in time released
Nicotinic Acid (258, 259).

/l\

Food Sources: (> 8 mg/svg)
Chicken breast, Cornish game hen,
Highly fortified breakfast cereal,
Tuna, Swordfish, Sturgeon, Trout,
Veal, Liver, and Brewer's Yeast

US Diet Sources:

Mixed foods, Poultry, ready to eat
Cereals, Beef, and Processed meats

RDA: 16 mg Male
14 mg Female

Upper Limit: 35 mg (flushing,
mediated by histamine; moderated
by aspirin 325 mg) (256)

Total Body Store: Not clearly
understood; Half-life 45 minutes (255).

Medical

Diagnoses:

Alcohol Misuse (260)
Crohn's Disease (194)
Malnutrition involving iron,
riboflavin, By, or zinc deficits.

Heart failure, hepatitis may
precipitate Niacin toxicity if liver is
not perfused adequately or
incapable of clearing nutrient
(Personal experience)

Dialysis Losses: Not established.

Physical Findings/Functional Deficits:
Deficiency: Pellagra - "3 D's"
Dermatitis (790): Reddened skin
darkens, vesicles, bullae develop
with desquamation; Bilateral
symmetrical distribution on sun
exposed skin (Casal Necklace);
Skin thickened, pigmented over
joints; Palms, soles dry, scaling
with rough elbows.  Diarrhea
(182): Raw, burning from mouth to
rectum.  Dementia (794):
Confusion, confabulation, memory
loss, disorientation, and delirium.
Oral (182):Scarlet sore tongue,
filiform papillae progressing to
complete atrophy.
Neurological (267): Confusion,
Loss of memory, Disorientation,
Confabulation, Mania, Depression,
Delirium, and Polyneuritis.
TOXICITY (256): Vasodilation,
Nonspecific gastrointestinal effects,
Jaundice with hepatotoxicity.

Fig. 5. Comprehensive niacin assessment in renal failure. If not annotated
otherwise, data cited from ref. (188).

of sun-exposed skin, and redness, inflammation and papillary atrophy
of the tongue found in niacin deficiency. In 1952, Goldsmith et al. (/82)
astutely monitored niacin depletion in women eating a corn or wheat
diet, supplemented with tryptophan to ensure minimal nitrogen balance
(183) and adequate B-vitamins, without niacin. Lesions developed
within 40-135 days in isolated niacin deficiency, with half the subjects
experiencing some symptom by day 50. Oral lesions occurred with and
without characteristic blistering, necrotic skin associated with pellagra
(182). Goldsmith coined the term “Pellegra sine Pellagra” from the
historical literature (/84), documenting deficiency without skin lesions.

Pellagrins continue to elude diagnosis when they present without
skin lesions. A necroscopy study diagnosed 20 cases of pellagra with
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A. Scarlet, atrophied tongue “Pellegra
Sine Pellagra” Niacin 3.6 ng/mL
(R 3.5-7.0) ©OSteve Castillo

(©)

C. Scarlet, bald tongue Pellagra
Niacin 1.9 ng/mL (R 3.5-7.0) ©Steve
Castillo

(e)

E. Bullous lesions Pellagra Niacin 3.0
ng/mL (R 3.5-7.0) ©Steve Castillo

(b)

B. Early skin peeling “Pellegra Sine
Pellagra” Niacin 3.6 ng/mL
(R 3.5-7.0) ©Steve Castillo

(d

D. Angular stomatitis Pellagra Niacin
1.9 ng/mL (R 3.5-7.0) ©Steve Castillo

®

F. Necrotic skin blebs Pellagra Niacin
3.0 ng/mL (R 3.5-7.0) ©Steve Castillo

Fig. 6. Nutrient-based lesions associated with laboratory validated niacin deficit.
Photographs may not be reproduced, copied, projected, televised, digitized, or
used in any manner without photographer’s express written permission.
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(® (b)

G. Exfoliated elbow Pellagra Niacin H. Exfoliated palm Pellagra Niacin 1.9
1.9 ng/mL (R 3.5-.70) ©Steve Castillo  ng/mL (R 3.5-7.0) ©Steve Castillo

®

I. Exfoliated knuckles Pellagra Niacin
1.9 ng/mL (R3.5-7.0) ©Steve Castillo

Fig. 6. (Continued)

neuropathology from 74 chronic alcoholics who presented only mental,
neurological, and GI symptoms at death (/85). Although pellagra is
frequently related to alcohol or malabsorption (186,187), use of non-
fortified grains like rice and corn as primary energy sources, combined
with low protein diets, can expedite niacin deficiency. Pre-formed
niacin is derived primarily from fortified breads and cereals (/88). Food
intake data from rice-eating PD patients (/89) tallied thiamin, niacin,
and riboflavin intakes between 50 and 83% of the Recommended
Dietary Allowances (RDA).

Functional niacin deficits include diarrhea, with and without
bleeding, dysphagia, nausea, vomiting, and anorexia (/90). Autopsy
reports reveal scarlet, exfoliated oral surface, extending throughout the
GI tract (191). Diffuse inflammation is also found in vaginal mucosal
tissues (182,192,193); amenorrhea is common (/82,191). Long-
term neuropsychological manifestations of photophobia, asthenia,
depression, hallucinations, confusion, memory loss, and psychosis
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(194) are thought to be mediated by impaired conversion of tryptophan
to the neurotransmitter serotonin (/93). Early unresolved cases resulted
in dementia and death (/91,195).

A comprehensive niacin assessment is shown in Fig. 5. Pellagrous
lesions observed in dialysis patients at San Francisco General Hospital
(Fig. 6) include sore, scarlet, atrophied tongue, angular stomatitis,
bullous skin vesicles, necrotic blebs, and exfoliated elbows, palms,
and knuckles. Pellagra sine Pellagra was also observed with severe
glossitis and mild, tissue-like peeling of the skin.

5.5.2. VitamMIN By

5.5.2.1. Vitamin B, Deficiency. Although V-B, deficiency was
identified following the development of seizures and anemia in
infants given purified diets (/96), experimental depletion in adults
was achieved using an anti-metabolite, desoxypyridoxine. Vilter et al.
(197) described seborrheic dermatitis of the nasolabial folds, eyebrows,
angles of the mouth, retroauricular spaces, and scalp as the primary
lesion, evolving after 19-21 days of desoxypyridoxine treatment.
Dermatitis was followed by glossitis, glossodynia, and red, hypertro-
phied filiform papillae on the lateral aspects of the tongue. Sensory
neuritis began as tingling, numbness in the hands and feet, and
ascended quickly as extremities became hyperesthetic to pinprick.

Microcytic anemia accompanies V-B, deficiency resulting from the
role of plasma pyridoxal phosphate (PLP) in synthesizing aminole-
vulinate synthase, an essential enzyme in the first step for heme
synthesis (/98). Without heme to sequester iron, differential smears
may reveal sideroblasts, immature erythroid cells with mitochondrial
granules of non-heme iron (/99).

Functional deficits of deficiency include depression, confusion
(200), and hypoactive deep tendon reflexes (/97). Neurological
sequelae are not well understood, but may result from altered PLP
function in metabolism of synaptic transmitter amines, noradrenalin,
adrenaline, tyramine, dopamine, and serotonin (20/). Accumulation
of abnormal tryptophan metabolites within the brain is thought to
exacerbate neuropsychiatric symptoms (202), as V-By is required in
tryptophan conversion to nicotinic acid (/98). PLP is also necessary
to form the singular inhibitory neurotransmitter, gamma-aminobutyric
acid, whose absence may predispose to seizure activity, recalcitrant to
anti-seizure medications, in severe V-B, deficiency (203,204).

Drug therapies can contribute to V-B, deficit. Loop diuretics deplete
V-B; in early kidney failure as they decrease tubular resorption of
water. V-B,, vitamin C, and oxalate losses have been shown to
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Drug/Nutrient Interactions: F ion// ion/Eliminati Food Sources: (> 0.8 mg/svg)
Antituberculars Function: Coenzyme in metabolism Highly fortified ready to eat (RTE)
Isoniazid (INH) (262) of amino acids, glycogen, and cereals, beef liver, soy-based meat
Antihypertensives sphingoid bases. substitutes; fortified instant
Hydralazine (Forms hydrazone Absorbed:  Throughout small oatmeal.
complex with pyridoxal making it intestine by nonsaturable passive US Diet Sources:  RTE Cereals,
unavailable for enzyme reactions diffusion, which has implications for mixed foods (sandwiches containing
(206). risk of toxicity. meats), white potatoes, non-citrus
Loop Diuretics fruits, beef, pasta, rice, cooked
Furosemide (205) Biological Half Life: cereals.
Approximately 25 days RDA:  1.7mg Male
V-B, supplementation 1.5 mg Female
recommendations were 25 mg per
day during INH therapy (262), later Upper Limit: 100 mg with adverse
researchers showed 6 mg day was effect peripheral neuropathy
required in high dose INH therapy Total Body Store : Males ~ 110
(269. ‘\
Zinc and Riboflavin are /

required to phosphorylate
pyridoxal-5'-phosphate (264). Physical Findings/Functional Deficits:
DEFICIENCY:

Oral:  Filiform papillary hypertrophy

progressing to atrophy, Glossodynia
/ \ (197).
Dermatologic: Seborrheic-like

l dermatitis in nasolabial folds,
Biochemical Evaluation: eyebrows (197). )
Plasma 5' Pyridoxal Phosphate ¥ Microcytic,
(PLP) at least 20 nmol/L Medical Sideroblastic Anemia (265),
Diagnoses//Comorbidities: Lymphocytopenia (197, 266).
PLP is a good indicator of V- Alcohol Misuse Ne“’°'°9ﬁ°= .Depression, (?onfusion
B, tissue stores and has been Dialysis Patients (197), Epileptiform convulsions from
chosen by the National Academy Congestive Heart Failure accumulation of abnormal
of Sciences as the primary tryptophan metabolites (267),
criterion to assess the CAPD/CCPD Losses/day (nmol): Hyperesthesias (197), Hypoactive
Recommended Dietary Allowance 8 + 2 Pyridoxal Phosphate deep tendon reflexes (DTR's) (197).
(RDA). 545 + 61 total V-B6 (f) TOXICITY Muscular: Gait
HD Losses (ml/min): imbalance, Ataxia (274), Fasciculations
Cuprophan 86 +61.7 (215,216), Diminished DTR's (214),
Cellulose Triacetate 73 +90.2 Preserved muscle strength (214).
(375 ml/min blood flow rate (212) Neurologic: Numbness (215),

Perioral numbness (274), tingling in
toes, limbs, hands, fingers, face

(215), Lhermitte's Sign (214, 215, 216), (+)
Romberg (215), Thermal, vibratory
insensitivity (268), Reduced
proprioception (269).

Also Important: Bilateral,
stocking-glove distribution of
symptoms (2176), Dose-Response to
severity of symptoms (268), Duration
exposed of significance (268),
"Coasting" may follow cessation (268).

Fig. 7. Comprehensive vitamin B, (V-B4) assessment in renal failure. If not
annotated otherwise, data cited from refs (198,150-195).

correlate with water diuresis (205). The antihypertensive medication,
hydralazine, forms hydrazone with PLP, compromising V-B, decar-
boxylase activity (206). Isoniazid (INH), used as an anti-tubercular,
combines with pyridoxine to form isonicotinyl hydrazine, which can
result in PLP-mediated INH neurotoxicity in low V-B, intake, that is,
in alcoholic, malnourished, (207), or CKD populations (208-211).
V-B, losses through the dialyzer are significant, which double with
high efficiency, high flux cellulose triacetate membranes, compared to
cuprophan membranes (2/2). Losses through the peritoneal membrane
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(b)

A. Filiform papillary hypertrophy B. Filiform papillary hypertrophy

with fused papilla Plasma Pyridoxal Lateral view PLP 1.3 ng/mL (R 3.6-18)
Phosphate (PLP) 1.3 ng/mL (R ©Steve Castillo
3.6-18) ©Steve Castillo

(© (@

C. Erosion of papilla with D. Tearing of eyes V-B6 depletion PLP
longstanding V-Bg¢ deficit PLP 3.1 6.4 ng/mL (R 3.6-18) ©OSteve Castillo
ng/mL (R 3.6-18) ©OSteve Castillo

(e)

E. Seborrheic-like dermatitis Nasolabial fold, nares

PLP 1.3 ng/mL (R 3.6-18) ©OSteve Castillo
Fig. 8. Nutrient-based lesions associated with laboratory validated vitamin By
(V-By) deficit.
Photographs may not be reproduced, copied, projected, televised, digitized, or
used in any manner without photographers’ express written permission.
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are lower than HD membranes, but dietary intake alone has not been
able to sustain PLP concentrations (2173).

A comprehensive V-B¢ assessment is shown in Fig. 7. The
primary lesion photographed by Castillo in deficient HD patients was
filiform papillary hypertrophy (Fig. 8). Mild seborrheic-like dermatitis
and increased tearing were also identified in patients with PLP
concentrations between 1.3 and 6.4 ng/mL (laboratory range 3.6—18.0).
PLP is believed to reflect tissue stores of the nutrient, which was used
by the NAS to estimate the RDA for V-B,.

5.5.2.2. Vitamin B, Toxicity. High doses of V-B present in foods
do not cause toxicity, but V-B, accumulates with supplementation due
to its non-saturable passive absorption process. Toxicity is generally
relegated to the dorsal root ganglia with its increased blood vessel
permeability, unlike the blood-brain barrier that insulates the brain
(214). Clinical symptoms of V-B toxicity include numbness, pares-
thesias, ataxia, Lhermitte’s sign, and pain. Symptoms documented are
sensory deficit, sensory ataxia, (+) Romberg’s sign, and loss of Achilles
reflexes (215). Neuropathy associated with V-B toxicity presents in
a bilateral, stocking-glove distribution barring injury, beginning at the
distal digits (2/6). Limited clearance of V-B, in dialysis patients has
been associated with elevated PLP concentrations with supplemen-
tation as low as 50 mg daily (2/7). With its potential for both deficiency
and toxicity, it is good nutrition practice to document PLP concen-
trations when renal vitamin intake is uncertain or when supplemental
V-B; is prescribed with anti-tubercular or cardiovascular treatments.

5.5.3. ZINC

5.5.3.1. Zinc Deficiency. Prasad et al. (2/8) first described zinc
deficiency as ‘“‘adolescent nutritional dwarfism,” documenting the
nutrient’s role in growth and sexual maturity. While the early syndrome
occurred with iron deficit, identification of an autosomal recessive
defect causing acrodermatitis enteropathica (2/9) produced a clear
phenotypic presentation of zinc deficiency alone. Skin lesions with
predictable distribution around body orifices and extremities predom-
inate, with functional deficits of diarrhea, compromised T-cell function,
and altered central nervous function. The pivotal role of zinc in gene
expression, cellular growth, and differentiation is the underlying cause
of generalized metabolic impairment in deficiency (220).

Subjects without kidney disease enrolled in well-controlled, induced
zinc depletion studies show classic dermatitis around the mouth, nose,
inflammation of the mucosal membranes (22/), and structural changes
in hair bulb formation (222)—signs that appear as plasma zinc falls.
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Drug/Nutrient Interactions:

ACE Inhibitors (270)
Loop/Thiazide Diuretics (233-235)
Corticosteroids (271)

Exogenous Estrogen (271)

Iron supplements, Ca++
phosphate > 1,360 mg/day,
and high phytate, milk casein,
nucleic acid intake decrease
absorption.

Absorption is higher in animal
PRO versus plant diets.

Zinc, Riboflavin are required
to phosphorylate, activate V-B 6.

Ca Acetate inhibits Zinc
absorption in hemodialysis
patients (272).

Zinc is used to inhibit copper
absorption in Wilson's disease
(273).

Zinc is necessary to mobilize
V-A from liver stores (274).

Biochemical Evaluation:
Serum Zinc - Pre-breakfast >
70 meg/dL sign of deficit.

Plasma Zinc preferable with
reduced contamination from
erythrocytes.

Endogenous Zinc Excretion
can also be used (227).

Substantial diurnal,

postprandial variation in

plasma zinc concentrations
(plasma nadir in early PM ~

12% below AM peak level) (277).

F i ption/Eli
Function: Catalytic enzyme
activity, creation of "zinc finger-like"
structure for protein folding,

regulatory of gene expression.
Absorbed: Exogenous absorption
via Albumin-bound, saturable trans-
cellular process in small intestine
(jejenum).

excretion from intestine; Minor:
Kidney, integument, semen,

menses. Endogenous intestinal zinc
losses best correlate with absorbed
zinc.

Elimination: Major:  Secretion into,

~

Food Sources: (> 3 mg/svg)
Red meats, liver, dark turkey,
oysters, bran cereal, and wheat
germ.
US Diet Sources: >3% total
intake Beef, hamburger, pork, hot
dogs, milk, bread, and eggs (275).
RDA: 11 mg Male

8 mg Female

Upper Limit: 40 mg cut-off for
reduced copper status, assessed by
Erythrocyte Copper-Zinc Superoxide
Dismutase activity.

Total Body Store: 1.5-2.5 g with
85% in skeletal muscle, bone;
Tissues with highest concentrations
bone, prostate, choroid of eye (276).

I

Medical
Diagnoses/Comorbidities:
Malabsorption Syndromes
Sprue, Crohn's, Short bowel
syndrome (Supplement 12.2 mg/L
small intestine fluid; 17.1 mg/Kg
stool or ileostomy output (278).

Physical Findings/Functional Deficits:
DEFICIENCY : Acrodermatits
Enteropathica

Oral:  Circumorificial dermatitis (227)
Eye: Dermatitis on lateral canthus
Hair:  Alopecia, Defective hair sheaths,
atrophied dyspigmented bulbs (222).
Skin: Patchy dry skin, Scrotal
dermatitis (227).

Nails: Leukonychia (287)
Gastronintestinal: Diarrhea, Poor
intake, Reduced taste acuity (237).
Compromised ethanol metabolism (279).
Growth:  Delayed in children
Hematologic:  Reduced retinol-
binding protein, albumin, and pre-
albumin.

Hormonal:  Reduced testosterone,
free T4, and IGF-1

Altered innate,

Long-term Alcohol C
Reduced absorption, increased
urinary excretion (279).
Sickle Cell Disease (280)
Chronic Renal Disease
fecal losses (272, 226, 227).

Increased

cellular, and humoral immunity;

Delayed hypersensitivity skin tests (282).
Sexual:  Delayed maturation,
impotence.

Visual: ~ Abnormal dark adaptation (283)
TOXICITY : Epigastric pain, nausea,
vomiting, loss of appetite, abdominal
cramps, diarrhea, and headaches;
Anemia, leukopemia, neutropenia from
copper deficit (251, 252); Myelopathy
(spastic gait)/sensory Atakia (284).

Fig. 9. Comprehensive zinc assessment in renal failure. If not annotated otherwise,
data cited from ref. (230).

Use of plasma/serum zinc as an indicator of zinc status was criticized in
early studies, but more recent kinetic research suggests that plasma zinc
concentration may be a valid indicator of whole-body zinc status in the
absence of infection or stress (221), particularly when levels are low.
Zinc studies in kidney failure consistently reveal reduced serum
concentrations (223-225). Metabolic research in patients receiving
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(b)

A. Angular stomatitis Zinc 50 B. Seborrheic-like dermatitis of the
mcg/dL (R 50-150) ©Steve Castillo nasolabial fold Zinc 50 mcg/dL
(R 50-150) ©Steve Castillo

(c) (@)

C. Seborrheic-like dermatitis between  D. Retroauricular dermatitis Zinc 50
eyebrows Zinc 50 meg/dL (R 50-150)  mcg/dL (R 50-150) ©Steve Castillo
©Steve Castillo

(e) ®

o

E. Circumorificial dermatitis Zinc F. Seborrheic-like dermatitis of the

52 mcg/dL (R 50-150) ©David scalp Zinc 50 mcg/dL (R 50-150)
Giacalone ©Steve Castillo

Fig. 10. Nutrient-based lesions associated with laboratory validated zinc deficit.
Photographs may not be reproduced, copied, projected, televised, digitized, or
used in any manner without photographer’s express written permission.
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()

G. Alopecia Zinc 45 mcg/dL H. Leukonychia Zinc 45 mcg/dL
(R 50-150) ©Steve Castillo (R 50-150) ©David Giacalone
() )

1. Beau’s Lines R hand J. Beau’s Lines L hand
Hospitalization, bacteremia ©David Hospitalization, bacteremia ©David
Giacalone Giacalone

(k)

K. Beau’s Lines Thumb
Hospitalization, bacteremia ©David
Giacalone

Fig. 10. (Continued)
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maintenance HD on fixed zinc intakes indicate increased fecal loss
is a major contributor (226). Aluminum hydroxide gels and ferrous
sulfate were shown to increase zinc losses (227). Calcium carbonate
also binds zinc, but to a lesser degree than calcium acetate (228). Other
factors that may contribute to zinc depletion in predialysis patients
include reduced zinc intake with low protein diets (229-237) and
increased urinary losses with angiotensin enzyme inhibitors (232) and
loop/thiazide diuretics (233-235).

Functional studies in HD patients present conflicting reports
on the ability of zinc to improve taste acuity, impotence, and
immunity. Supplementation of 120 mg elemental zinc as sulfate post-
HD treatment for 6 weeks was shown to improve taste acuity in 95%
of cases (236); 50mg zinc as acetate over a 6- to 12-week period
was associated with significant improvement in taste thresholds for
salt, sweet, and bitter (237). Matson et al. (238) failed to demon-
strate improved taste acuity or increased serum zinc in HD patients or
controls following 60 mg elemental zinc as sulfate, but poor response
may have been related to the inability to normalize plasma zinc concen-
trations in this study. Indeed, research by Henkin et al. (239,240) in
non-renal patients suggests salivary zinc concentration best correlates
with reversal of taste dysfunction.

A double blind study by Mahajan et al. (24/) showed improved
potency, libido, and frequency of sexual intercourse by HD patient
report, following a 6-month course of 50 mg elemental zinc. Later work
by Rodger et al. (242) with supplementation up to 100 mg elemental
zinc daily did not demonstrate improved potency using subjective
measures of sperm count, nocturnal penile tumescence, testos-
terone, sex hormone binding globulin, and gonadotrophin concen-
tration.

Ribeiro et al. (243) showed improved delayed hypersensitivity skin
tests with Escherichia coli and phytohemagglutinin (PHA)-stimulated
lymphocyte blastogenesis after 100 days of 15 mg elemental zinc as
acetate twice daily, consistent with improved skin tests by Brodersen
et al. (244), Bonomini et al. (245), and Antoniou et al. (246). Briggs
et al. (247) did not find increased cellular lymphocyte blast formation
in vitro with cells isolated from zinc-supplemented HD patients
exposed to PHA, pokeweed, conconavalin A mitogens, or strepto-
kinase/streptodornase soluble antigen.

A comprehensive zinc assessment is shown in Fig. 9; lesions
observed in hypozincemic dialysis patients are shown in Fig. 10.
Seborrheic-like dermatitis in the scalp, between the eyebrows, behind
the ears, and along the nasolabial folds predominates; angular
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stomatitis, circumorificial dermatitis, alopecia, and leukonychia are
also seen. Beau’s Lines (248) were observed in the nails of a HD
patient hospitalized with bacteremia complete probable zinc-related
lesions.

5.5.3.2. Zinc Toxicity. Given research using zinc supplemen-
tation 3—-10 times the RDA, concerns about zinc-induced copper
deficiency is appropriate. Literature supports increased risk for copper
deficiency with modest zinc supplementation, when the zinc to copper
ratio is high (249). Monitored zinc to copper intake at 15:1 has
shown limited effects on copper absorption (250) and is frequently
used as the industry standard for nutritional supplements. Classic
copper deficiency symptoms of anemia (normocytic and hypochromic),
leukopenia, and neutropenia have been observed in patients receiving
total parenteral nutrition (25/) and jejunostomy feedings (252).
Idiopathic myelopathy is recently described as a functional copper
deficit that curiously mimics sensory ataxia and gait disturbances
observed in V-B,,deficiency (253). With consistent evidence that zinc
deficit exists in kidney failure, the best advice may be to ‘“start low
and go slow.” Copper indicators should be monitored if zinc supple-
mentation continues for more than 90 days.

5.6. Placing Physical Findings Within the
Clinical Context of the Patient

Lesions and functional deficits must be placed within the clinical
context of the patient. Their presence fits within a time frame,
consistent with the patient’s nutritional history, disease state, and
laboratory findings. These data enable construction of a nutrient-
focused hypothesis, explaining why a particular nutrient imbalance
would occur in a particular patient, at a particular time. Findings are
shared with the interdisciplinary team, and the RD develops the nutrient
intake plan with the patient.

Advanced practice RDs must estimate the patient’s nutrient store and
availability from food and supplements against the nutritional “cost”
(254) of dialysis therapy, hospitalization, and medical diagnoses with
their prerequisite drug/nutrient profiles. Assiduous physical assessment
aimed at early identification of physical findings, functional deficits
consistent with nutrient imbalance, with a prompt nutrient replacement
response, is crucial in end-organ failure. It is the author’s belief that
nutrient-focused physical examinations will ultimately direct the nutri-
tional management required by Medicare guidelines (/62) to achieve
“effective nutritional status.”
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5.7. Summary of the Nutrition Physical
Assessment

RDs in today’s interdisciplinary team must master comprehensive
nutrient assessments that consider tissue stores, dietary intake,
nutrient disposition in health and disease, interaction with phamaceu-
ticals/nutraceuticals, and laboratory assessment. Professional and
regulatory statutes have strengthened the RD’s role by mandating
a physical assessment component. Physical assessment techniques,
historical studies describing lesions/functional deficits in selected
nutrient imbalance, and physiological mechanisms responsible for
altered tissue integrity have been explored. Conscientious nutrition-
focused physical examinations are complementary to the renal nutrition
specialist’s disciplined reasoning, hypothesizing nutrient imbalance.
Observable lesions and functional deficits emerge as the ultimate
expression of clinically significant nutritional disease.
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2.

To identify the nutrients and foods most commonly believed to be
associated with blood pressure.

To evaluate the evidence for or against the effect of certain nutrients
and food groups on blood pressure.

. To discuss the current dietary recommendations for the prevention and

treatment of hypertension.

. To describe how current dietary recommendations for hypertension

apply to people with chronic kidney disease.

Summary

Hypertension is a major cause of chronic kidney disease. A key component
of treatment is lifestyle modification, especially dietary change. A number of
nutrients and food groups have been touted to reduce blood pressure, including
sodium, potassium, calcium and dairy foods, magnesium, protein, certain types
of fatty acids, vitamin C, and fruits and vegetables. However, the studies
examining the associations between these nutrients and foods and blood pressure
are of varying quality. The Dietary Approaches to Stop Hypertension studies
have successfully lowered blood pressure with a diet high in fruits, vegetables,
and low-fat dairy foods.
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1. INTRODUCTION

According to national data, approximately 65.2 million U.S. adults
(31.3%) had hypertension in 1999-2000, about a 30% increase since
1988-1994 (1). A significant number of patients with chronic kidney
disease (CKD) have high blood pressure. Hypertension can be treated
and sometimes prevented with the proper dietary intake. Some studies
suggest that certain nutrients, including sodium, potassium, calcium,
magnesium, protein, unsaturated fats, and vitamin C, may have an
effect on blood pressure level. Research has also found associations
of blood pressure with food groups such as fruits, vegetables, and
dairy products. This chapter will review the evidence for treating
hypertension with diet modification.

2. NUTRIENTS AND BLOOD PRESSURE
2.1. Sodium

Although the debate over the extent of dietary sodium’s influence
on blood pressure has raged for decades, Intersalt, the cross-sectional
epidemiological study conducted in 32 countries in the mid-1980s
found that higher 24-hours urine sodium excretion (a marker for
sodium intake) was positively associated with higher blood pressure
(2,3). The association was stronger for the older participants (40-59
years old). Other cross-sectional studies have also found an association
between sodium intake and blood pressure (4).

Randomized, controlled trials that reduce sodium intake have also
found significantly lower blood pressure in the sodium-restricted group
(5-7). Pooled estimates from a meta-analysis of randomized trials
to reduce sodium intake for at least 4 weeks found a significant
reduction in blood pressure for the treatment groups (8). The second
trial of Dietary Approaches to Stop Hypertension (DASH) tested
both the DASH diet—a diet high in fruits, vegetables, and low-fat
dairy foods—and sodium intake (9). Participants with prehypertension
(systolic blood pressure of 120-139 mm Hg or diastolic of 80-89)
or stage 1 hypertension (systolic of 140-159 mm Hg or diastolic of
90-99 mm Hg) were randomized into the typical U.S. diet (control)
or the DASH diet in a parallel group design. Within each diet arm,
they spent a month consuming that diet at each of three sodium
levels: high, intermediate, and low (150, 100, and 50 mmol/day of
sodium, respectively, for a 2000-kcal diet). In both diet groups, blood
pressure was significantly lower for the lower sodium levels, showing
an independent effect of sodium on blood pressure.
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One 2-year prospective study did not find a significant association
between sodium excretion and blood pressure, but found that fewer
than 20% of 296 healthy participants experienced a significant increase
in blood pressure at high sodium intakes (/0). Indeed, some people
seem to be more sensitive than others to the effects of sodium on
blood pressure. Despite this fact, most recent studies show that sodium
restriction does reduce blood pressure. The effect is more pronounced
in African Americans, older people, and persons diagnosed with hyper-
tension. As a result, the prevailing recommendation is to reduce sodium
intake in hypertension.

The 2004 Dietary Reference Intake for sodium recommends
consuming no more than 1500 mg of sodium per day, 1300 mg for those
over age 50 (/1), considerably lower than the previous recommen-
dation of 2400 mg per day. The 2005 Dietary Guidelines for Americans
recommends that most people consume less than 2300 mg per day,
but highlights the 1500 mg limit for people with hypertension, African
Americans, and older adults (/2).

2.2. Potassium

Both observational and experimental studies have shown that
potassium intake is inversely associated with blood pressure. A meta-
analysis of 33 randomized controlled trials conducted from 1981 to
1995 found that potassium supplementation (from the diet in six of
the studies) significantly reduced systolic blood pressure by 3.11 mm
Hg and diastolic blood pressure by 1.97 mm Hg (/3). A more recent
meta-analysis also found that low potassium significantly increased
risk of hypertension (/4). Even a low dose (600 mg) of potassium
can significantly reduce blood pressure (/5). In addition to interven-
tions, cross-sectional epidemiological studies suggest the same result
(4,16).

Increasing potassium intake can have a greater effect on blood
pressure when sodium intake is high (/7). This association may be
due to the increase in sodium excretion that results from increasing
potassium intake. Intersalt and other studies have also found a signif-
icant association of blood pressure with the sodium to potassium ratio,
the lower the sodium : potassium ratio, the lower the blood pressure
(2,4,13). However, the literature does not mention an ideal ratio.

The Institute of Medicine and the 2005 Dietary Guidelines for
Americans have raised the recommended intake of potassium to
4700 mg per day (/1,12). This increase was instituted in large part in
an effort to prevent and treat hypertension.
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2.3. Calcium and Dairy Foods

Results from cross-sectional studies examining dietary calcium and
blood pressure have been mixed (4,/8). Most trials examining the
effect of calcium supplementation on blood pressure have found no
change or only small reductions that are inconsistently significant
(19-23). A pooled analysis of 42 randomized controlled trials found a
small blood pressure reduction from calcium supplements and dietary
calcium (24). Dietary calcium had almost twice the reduction in blood
pressure compared to supplemental calcium, but the difference was
not significant.

Some studies have shown that diets high in calcium, mostly from
dairy products, have a blood pressure lowering effect. Of greatest
note, the DASH trials found that increasing low-fat dairy intake in a
diet high in fruits and vegetables reduced blood pressure even further
than high fruit and vegetable intake alone (25). However, a study
that examined blood pressure and milk intake included three treatment
groups: (i) skim milk, (ii) high calcium skim milk, and (iii) high
calcium skim milk enriched with potassium. Only the group consuming
the high potassium milk significantly reduced blood pressure (26). Any
association of dairy consumption and blood pressure may be due to
calcium, but may also involve other nutrients present in milk. More
studies are needed to determine the extent of the influence of calcium
intake on blood pressure.

2.4. Magnesium

Trials examining the effect of magnesium intake on blood pressure
have yielded inconsistent results. A 2002 meta-analysis of 20 trials
supplementing magnesium suggest small, dose-dependent reductions
in blood pressure (27). However, most of the trials that have included
magnesium to date have had small sample sizes, which limit the
conclusions that can be drawn from the data. As with calcium, more
carefully controlled studies are needed to further elucidate any associ-
ation between magnesium and blood pressure.

2.5. Protein

A 1996 review of studies examining the association of dietary
protein with blood pressure found little or no effect of protein intake
on blood pressure among intervention studies (28). However, some
observational studies did find decreased blood pressure with higher
protein intake. Since that review, the cross-sectional Intersalt study
found that total and urea nitrogen excretion, as markers of protein
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intake, were associated with lower blood pressure when adjusting for
age, sex, alcohol intake, BMI, and urinary sodium, potassium, calcium,
and magnesium excretion (29). The INTERMAP study suggests that
the effect of protein on diet may vary depending on the type of protein.
The cross-sectional study collected dietary intake data and found
an inverse association between vegetable protein intake and blood
pressure, but a positive association between animal protein intake and
blood pressure (30). In addition, three randomized trials that found an
inverse association between protein and blood pressure increased the
protein levels in the diet by adding vegetable protein (3/-33). These
studies suggest that vegetable protein may be beneficial in controlling
blood pressure.

2.6. Fatty Acids

Three meta-analyses of randomized controlled trials administering
large doses of omega-3 oils to people with hypertension found an
inverse association with blood pressure (34-36). There was a greater
effect on blood pressure for persons 45 years or older (34). However,
there was little effect of omega-3 fatty acids on healthy adults or in
trials using small doses of the oil. Although the evidence for this
association is relatively strong, the potential side effects associated
with consuming large doses of fish oil may be prohibitive.

Some studies suggest that monounsaturated fat can also reduce
blood pressure in people with hypertension. A randomized crossover
study that examined the effect of a high monounsaturated fatty acid
(MUFA) oil (olive oil) and a high polyunsaturated fatty acid (PUFA)
oil (sunflower oil) on blood pressure (37). The olive oil significantly
reduced blood pressure, but the sunflower oil did not. The OmniHeart
Study examined the effects of a high carbohydrate diet, a high protein
diet, and a diet rich in MUFAs in the form of olive, canola, and
safflower oils and also in nuts and seeds (28). The MUFA diet lowered
blood pressure more than the high carbohydrate and had a similar
effect to the high protein diet. Another crossover study of 42 healthy
participants tested four diets enriched with (i) saturated fatty acids,
(i) MUFA, (iii) n-3 PUFAs, and (iv) n-6 PUFAs. The MUFA group
had the lowest blood pressure and the saturated fatty acid group had
the highest (38). These studies suggest that omega-3 and MUFAs may
have a beneficial effect on blood pressure. However, most of these
studies had small sample sizes and involved people with hypertension,
limiting the generalizability of the results.
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2.7. Vitamin C

The effect of vitamin C on blood pressure is unclear. Some cross-
sectional studies from Europe have found an inverse association
(39,40). However, one study from Germany divided survey respon-
dents into four groups, high vitamin C-high fruits and vegetables; high
vitamin C-low fruits and vegetables; low vitamin C-high fruits and
vegetables; and low vitamin C-low fruits and vegetables (control) (41).
The women in the two high fruits and vegetables groups had lower
systolic blood pressure compared to the control group. The high
vitamin C-low fruits and vegetables group did not have improved
blood pressure compared to the control group. This suggests that any
differences in blood pressure may largely be due to fruit and vegetable
intake, not dietary vitamin C intake. Additionally, two interventions
found little difference in blood pressure between vitamin C and placebo
groups (42,43).

3. THE DASH DIET

The key to modifying diet to reduce blood pressure may rest in
overall dietary patterns as opposed to consumption of a single nutrient
or food. The DASH studies illustrate how a dietary pattern can success-
fully affect blood pressure level. The original DASH study featured
three treatment arms—i(i) a usual intake that mirrored the typical U.S.
diet; (ii) the typical diet modified to include higher amounts of fruits,
vegetables, and fiber, and lower in snacks and sweets; and (iii) a diet
high in fruits, vegetables, and low-fat dairy foods, and lower in total
fat, saturated fat, and cholesterol (25). Table 1 summarizes the compo-
nents of the DASH (combination) diet. Participants ate the assigned
diet for 8 weeks. At the end of the 8 weeks, participants eating the
fruits and vegetables diet had systolic and diastolic blood pressures
2.8 and 1.1 mm Hg lower than the mean blood pressure in the control
group (p <0.001 and p = 0.07, respectively). The combination fruit,
vegetable, and low-fat dairy diet group had systolic blood pressure
5.5mm Hg and diastolic blood pressure 3.0mm Hg lower than the
control group (p < 0.001 for both). The effect of the diet was greater
for African Americans and for those with hypertension.

The second investigation into this diet compared the control and
combination (DASH) diets at three different sodium levels as described
above (7). In the DASH-Sodium trial, blood pressure decreased
as sodium intake decreased. Consuming the DASH diet at the
lowest sodium level (50 mmol/day) resulted in lowest blood pressure.
A behavioral intervention using the DASH diet (Premier) found that
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Table 1
The DASH Eating Plan (Based on 2000 Calorie Diet)

Food group Servings per day Nutrient sources

Grains and grain 7-8 Major sources of energy

products and fiber

Vegetables 4-5 Rich sources of potassium,
magnesium, and fiber

Fruits 4-5 Important sources of
potassium, magnesium,
and fiber

Low-fat or fat-free 2-3 Major sources of calcium

dairy foods and protein

Meats, poultry, and 2 or less Rich sources of magnesium

fish and protein

Nuts, seeds, and dry 4-5 per week  Rich sources of

beans magnesium, potassium,
protein, and fiber

Fats and oils 2-3 27% calories as fat

Sweets 5 per week

Taken from ref. (47).

it is possible to successfully incorporate the DASH dietary pattern
and reduce blood pressure in a community setting (44). The results of
these carefully controlled studies and the subsequent behavioral study
show that an eating pattern can be an effective tool in reducing blood
pressure.

4. RECOMMENDATIONS FOR DIET
IN HYPERTENSION

4.1. The Seventh Report of the Joint National
Committee (JNC) on Prevention, Detection,
Evaluation, and Treatment of High Blood
Pressure Recommendations
The importance of lifestyle modification, especially dietary change,
in prevention and treatment of hypertension is well recognized. JINC

7 was written in 2003 to incorporate results from the latest hyper-
tension studies and trials into useful guidelines for preventing and
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treating hypertension (45). JNC 7 sees lifestyle modification as a
critical component of hypertension management. Its dietary recom-
mendations (Table 2) include losing weight if overweight or obese,
reducing sodium intake to less than 100 mEq/l (2.4g) of sodium,
limiting alcohol consumption to no more than two drinks per day, and
adopting the eating pattern shown to effectively lower blood pressure
in the DASH studies. The report also includes an approximate amount
of reduction in systolic blood pressure that can be achieved for each
of these dietary changes. It advocates adopting more than one strategy
to achieve even greater results.

Table 2
JNC 7 Diet-Related Lifestyle Modifications

Approximate systolic

Modification Recommendation BP reduction, range
Weight Maintain normal body 5-20mm Hg/10-kg
reduction weight (BMI, 18.5-24.9) weight loss

Adopt Consume a diet rich in 8—14mm Hg

DASH eating fruits, vegetables, and

plan low-fat dairy products

with a reduced content of
saturated and total fat

Dietary Reduce dietary sodium 2-8 mm Hg
sodium intake to no more than
reduction 100 mEq/1 (2.4 g sodium

or 6 g sodium chloride)
Moderation Limit consumption to no 2-4mm Hg
of alcohol more than 2 drinks per
consumption day [1 oz. or 30 ml

ethanol (e.g. 24 oz. beer,
10 oz. wine, or 3 oz.
80-proof whiskey)] in
most men and no

more than 1 drink per
day in women and
lighter-weight persons

BMI, body mass index; DASH, Dietary Approaches to Stop Hypertension.
Taken from ref. (42).
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4.2. KDOQI Guidelines

Dietary modification is a critical component of managing CKD.
The National Kidney Foundation Kidney Disease Outcomes Quality
Initiative (KDOQI) has guidelines for diet in hypertension in CKD
(Table 3) (46). With the exception of protein intake, the KDOQI
recommendations for macronutrient intake in CKD largely mirror the
recommendations for the general population. The sodium recommen-
dations are in keeping with the sodium recommendations described
above. However, because of potassium retention in kidney disease, the
recommended intake of 4700 mg per day is not advisable for CKD
patients, especially for those with glomerular filtration rate (GFR)
<60 ml/min/1.73 m?. Similarly, protein intake should be lower in CKD
(about 10% of energy), especially in stages 3 and 4, to reduce the
production of nitrogenous wastes and to try to slow the progression of
the disease. Although the DASH diet is beneficial in lowering blood
pressure, the higher potassium and phosphorus intakes that result from
the diet may lead to hyperkalemia and hyperphosphatemia respectively,
especially in patients with GFR <60 ml/min/1.73 m?.

Table 3
KDOQI Nutritional Recommendations

Stage of CKD

Nutrient Stages 1-2  Stages 1-4 Stages 3—4
Sodium (mg/day) <2400

Total fat (% of <30

energy)

Saturated fat (% of <10

energy)

Cholesterol (mg/day) <200

Carbohydrate (% of 50-60

energy)

Protein (g/kg/day % 1.4 (~18) 0.6-0.8 (~10)
of energy)

Phosphorus (g/day) 1.7 0.8-1.0
Potassium (g/day) >4 2-4

CKD, Chronic Kidney Disease; KDOQI, Kidney Disease Outcomes Quality
Initiative.
Reprinted with permission from ref. (45).
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5. SUMMARY

In summary, current evidence suggests that lowering sodium intake
and increasing intake of potassium, vegetable protein, omega-3 and
MUPFAs, fruits, and vegetables, can help lower blood pressure. In
CKD, however, increasing some of these nutrients and food groups is
contraindicated.
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LEARNING OBJECTIVES

1. To describe techniques for early intervention and screening in those
at risk of or with diabetes to reduce microvascular and macrovascular
complications.

2. To integrate the goals of therapy in diabetes and chronic kidney disease
and their comorbidities regarding glycemic control, hypertension, and
lipid management.

3. To identify the nutrition recommendations for patients with diabetes
and chronic kidney disease.

4. To discuss the current glucoregulatory medications for diabetes.

Summary

Diabetic nephropathy is a complication of diabetes mellitus (DM) that can
be prevented or slowed by medical and nutritional interventions. Glycemic
control coupled with the management of hypertension and dyslipidemia can
alter the progression of chronic kidney disease (CKD) in stages 1 through 4.
Careful management of carbohydrate (CHO) intake is essential to diabetes meal
planning, emphasizing how much and when to consume CHO. At all stages
of CKD (1-4), persons with DM should achieve a dietary protein intake that
meets, but does not exceed, the Recommended Dietary Allowance of 0.8 g/lkg
body weight/day, or 10% of total calories.
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1. INTRODUCTION

The development of diabetic nephropathy, a complication of
diabetes, can be prevented or slowed down by medical and nutritional
interventions. This chapter provides an overview as to how glycemic
control coupled with the management of hypertension (HTN) and
dyslipidemia can alter the progression of chronic kidney disease (CKD)
in some stages 1 through 4. There are a number of references cited
for additional depth and overview of diabetes management which is
beyond the scope of this chapter (/-4).

1.1. Facts and Statistics about Diabetes

Diabetes is a group of diseases marked by high levels of blood
glucose resulting from defects in insulin production, insulin action, or
both. Type 2 diabetes mellitus (T2DM), the most common form of
diabetes, is due to a progressive insulin secretory defect with insulin
resistance, whereas type 1 diabetes mellitus (T1DM) develops from an
autoimmune [B-cell destruction that usually leads to absolute insulin
deficiency (/). Although diabetes is a chronic, progressive disease with
no known cure, steps can be taken to control the disease and lower the
risk of complications associated with the disease.

One in three Americans and one in two minorities born in 2000 will
develop diabetes in their lifetime (5). Today, almost 21 million people
(7% of the population) in the United States have diabetes, with nearly
one-third unaware that they have the disease. An estimated 41 million
people have pre-diabetes. Prevalence increases with age as 21% of
people 60 years of age or older have diabetes. It is estimated that one
dollar out of every 10 health care dollars is spent on diabetes and its
complications (5).

Diabetes is the leading cause of kidney failure, accounting for 45%
of new cases of stage 5 CKD in 2003 (6). Risk of nephropathy is
disproportionately found among certain ethnic groups, with a greater
risk, 2.6-5.6 times, in non-Hispanic blacks, 4.5-6.6 times in Mexican-
Americans, and 6 times in American Indians (5). These rates are
troublesome, with access to affordable quality healthcare often being
a factor. Most individuals are not seen by a nephrologist until they
are diagnosed with stage 3 or 4 CKD, although earlier referral has
been found to improve quality of care while reducing costs by
prolonging the initiation of dialysis (7,8). Additionally, early inter-
vention with medical nutrition therapy (MNT) has an important role in
slowing the progression of CKD while maintaining optimal nutritional
status (9).
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2. EARLY INTERVENTION AND SCREENING

Early screening and detection, along with tight glucose and blood
pressure control, can delay the onset and course of diabetic nephropathy
(1,7). Persistent hyperglycemia leads to nephropathy via several
mechanisms, including hypertrophy, increased endothelial cell perme-
ability, and increased matrix protein synthesis. Hyperglycemia also
causes an increase in vasodilatory prostaglandins, which promotes an
increase in renal perfusion and intraglomerular pressure, resulting in
hyperfiltration (70).

There is a direct correlation between elevated blood pressure
and the degree of decline in glomerular filtration rate (GFR).
Alteration of hemodynamic factors produces increases in mesangial
matrix formation and basement membrane thickening. Higher systolic
blood pressure specifically leads to extracellular matrix accumulation,
increased glomerular permeability, proteinuria, and glomerulosclerosis
(10). Elevated total cholesterol and low-density lipoprotein choles-
terol (LDL-C) have been found to be independent risk factors for
the progression of renal disease. Nephropathy in smokers tends to
progress more rapidly than in non-smokers, with adverse effects
on blood pressure; therefore, smoking cessation should always be
encouraged (/).

In general, every 10mm Hg reduction in systolic blood pressure
lowers the risk for any diabetes-related complication by 12% (5).
Studies have also shown that each percentage drop in hemoglobin
AIC (HbAI1C) blood test value (e.g., from 8 to 7%) can reduce
the risk of microvascular complications by up to 40% (11-13).
Better control of blood lipids [LDL, high density lipoprotein (HDL),
and triglyceride (TG)] can decrease complications of cardiovascular
disease (CVD) by 20 to 50% (5,14,15). Additionally, treatment with
angiotensin-converting enzyme inhibitors (ACEI) or angiotensin II
receptor blockers (ARBs) effectively reduces the decline in kidney
function, independent of any blood pressure lowering effect (16).

The earliest clinical evidence of nephropathy is the appearance of
microalbuminuria (>30mg/day). Persistent microalbuminuria in the
range of 30-300 mg/day is the earliest stage of nephropathy in TIDM
and a marker for the development of nephropathy in T2DM (/). At
this point, without specific interventions, approximately 80% of those
with TIDM will progress to overt nephropathy or clinical albuminuria
(>300 mg/day) with HTN within 10-15 years. Once this occurs, the
GFR will gradually decline, with stage 5 CKD developing in 50% of
persons having T1DM within 10 years and >75% by 20 years. A higher
proportion of patients with T2DM have microalbuminuria and overt
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nephropathy shortly after diagnosis due to being previously undiag-
nosed with diabetes for several years. Ironically, after 20 years, only
about 20% of patients with T2DM and overt or clinical nephropathy
will progress to stage 5 CKD (1,7).

The American Diabetes Association (ADA) recommends an annual
test for the presence of microalbuminuria in patients with T1DM
after at least 5 years of the disease and starting at diagnosis for
patients with T2DM, since they often go undiagnosed for many years
(1,7). Screening for microalbuminuria is most commonly performed
in an office setting by obtaining a random spot urine collection
for measurement of an albumin-to-creatinine ratio (/,7). In addition,
microalbuminuria is also used as a marker of increased cardiovascular
morbidity and mortality for patients with either TIDM or T2DM (1,17).
The presence of microalbuminuria doubles the risk of cardiovascular
morbidity and mortality in T2DM (16).

According to the National Kidney Foundation (NKF), urinary
albumin excretion (UAE) in addition to the level of GFR may be
used to determine the stage of CKD. The current NKF classification is
based on GFR levels, as a significant decrease in GFR may be found
in the absence of increased UAE in a substantial number of adults
with TIDM and T2DM, particularly those with stage 3 CKD (/,17).
Elevations in UAE over baseline levels can be due to exercise (within
24 h of the test), infection, fever, heart failure, marked hyperglycemia,
and/or HTN (1).

Serum creatinine should be measured at least annually to estimate
GFR and the stage of CKD in all adults with diabetes, regardless
of the degree of UAE. The GFR can be easily estimated using the
newer prediction equation developed by Levey et al. (/8) based on
data collected from the Modification of Diet in Renal Disease study:

186 x S x A™%% x (0.742 if female) x (1.21 if African American),

where S_, = serum creatinine, and A = age.

Estimated GFR can be calculated by using the equation at the
website http://www .kidney.org/professionals/kdoqi/gfr_calculator.cfm.

Monitoring microalbuminuria annually can help assess response to
therapy after instituting ACEI or ARB therapy and achieving blood
pressure and glycemic control. Although unconfirmed by prospective
trials, reduction of microalbuminura to the near normal range is
suggested to improve renal and cardiovascular prognosis (/). Table 1
summarizes additional metabolic consequences common to each stage
of CKD.
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Table 1
Stages of Diabetic Nephropathy/Chronic Kidney Disease and Metabolic
Consequences

Stage 1: e GFR >90 ml/min/1.73 m?; normal or increased GFR with
enlarged kidneys
e Hyperglycemia leads to increased kidney filtration due to
osmotic load and toxic effects of high blood glucose

Stage 2: e Mildly decreased GFR 60-89 ml/min/1.73 m?
e Clinically silent phase, but continued kidney hyperfiltration
and hypertrophy
e Concentration of PTH starts to rise

Stage 3: e Moderately decreased GFR 30-59 ml/min/1.73 m?.

e Microalbuminuria (defined as 30-300 mg/day); loss of
albumin in urine

e Within 5 years 20% develop nephropathy on standard care;
50% do not progress

e Microalbuminuria is a better predictor of progression in type 1
than type 2 diabetes

e Microalbuminuria is a predictor of increased cardiovascular
disease, particularly in type 2 diabetes

e Microalbuminuria is associated with higher hemoglobin
AlClevels (>8.1)

e Decrease in calcium absorption (GFR <50 ml/min/1.73 m?)

e Onset of anemia (erythropoietin deficiency)

e Lipoprotein activity falls

Stage 4: o GFR severely decreased 15-29 ml/min/1.73 m?
e Overt nephropathy
e Almost always with hypertension, >300 mg/day albumin in
urine, about 10% have nephrotic range proteinuria
e TGL concentrations start to rise
e Hyperphosphatemia
e Metabolic acidosis
e Tendency toward hyperkalemia

Stage 5: e Kidney failure (GFR <15 ml/min/1.73 m?) needing renal
replacement therapy (dialysis or transplantation)
e Over 30 years, >24% of patients with T1IDM progress to this
stage
e Over 25 years, about 8% of patients with T2DM progress to
this stage

GFR, glomerular filtration rate: PTH, parathyroid hormone; TGL, triglyceride;
T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
Adapted from refs (19,17,2).
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3. GOALS OF THERAPY
3.1. Glycemic Control

Glycemic control is fundamental to the management of diabetes
and for preventing complications. The Diabetes Control and Compli-
cations Trial (DCCT) showed that intensive therapy to control blood
glucose in T1DM resulted in fewer incidences of diabetic nephropathy
(11). Microalbuminuria was reduced by one-third, and in those with
microalbuminuria, the risk of progressing to proteinuria was about
half in those with tight glucose control (/,7,11). The United Kingdom
Prospective Diabetes Study found that patients with T2DM demon-
strated a 25% reduction in nephropathy with intensive diabetes therapy
and, for every percentage point decrease in HbA1C, there was a 35%
reduction in the risk of complications (1,12,13).

Because tight glycemic control has been shown to reduce the risk
of diabetic complications, a number of organizations have created
guidelines for glycemic control (7,20,21) (Table 2). The American
College of Endocrinology and the International Diabetes Federation
make more stringent recommendations for glycemic control than the
ADA. The ADA advocates that glycemic control be individualized.
Patients with special considerations, such as children, pregnant women,
the elderly, or those with advanced chronic diseases, may require less
or more intense goals for glycemic control (7).

Treatment efficacy can be assessed by performing a HbA1C test,
which measures a patient’s average glycemia over the preceeding 23
months. The HbA1C test should be done quarterly in patients whose
therapy has changed or who are not meeting blood glucose goals. In
patients who are meeting treatment goals and who have stable blood

Table 2
Glycemic Targets
Glycemic target ADA ACE IDF
AIC % <7.0 <6.5 <6.5
Fasting glucose, mg/dl 90-130* <110* <100(t)

Postprandial glucose, mg/dl <180*T <140*(T) <145(t)

AI1C, hemoglobin AI1C; ADA, American Diabetes Association (/); ACE,
American College of Endocrinology (20); IDF, International Diabetes Federation;
t, Self-monitored blood glucose; T, 2h.

* Plasma equivalent.
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glucose control, the HbA1C test should be performed at least twice
yearly (/). The limitations of HbA1C should be taken into consider-
ation when monitoring glycemic control in clients with CKD, as this
value may be reduced due to the shortened lifespan of erythrocytes (3).
However, the Kidney Disease Outcomes Quality Initiative (KDOQI)
Clinical Practice Guidelines for Diabetes in CKD state that “Target
HbA1C for all persons with diabetes should be <7%, irrespective of
the presence or absence of CKD” (3). Table 3 illustrates how HbA1C
levels correlate with mean plasma glucose concentrations, which can
help patients better understand this relationship.

It is now recommended that intensive diabetes management with
the goal of achieving near normal glycemia be implemented as early
as possible and in as many patients with diabetes as is safely possible
using a physician-coordinated collaborative and integrated health-care
team approach (/). Diet is often the most complex aspect of intensive
diabetes therapy, so it is important to simplify and streamline nutrition
priorities for the patient with CKD (22).

Currently, it is estimated that among adults diagnosed with diabetes,
16% take insulin only, 12% take insulin and oral medications, 57%
take oral medications only, and 15% follow lifestyle management
with no insulin or oral medications (5). Careful attention to the
relationship between diet, insulin, and physical activity is necessary
to achieve HbA1C goals without undesired hypoglycemia and weight
gain. Food variations often explain erratic blood glucose results and

Table 3
Correlation Between A1C Level and Mean
Plasma Glucose Levels

Mean plasma glucose

AIC (%) mg/dl mmol/L

6 135 7.5

7 170 9.5

8 205 11.5

9 240 13.5
10 275 15.5
11 310 17.5
12 345 19.5

Adapted from table in ref. (/). Based on data from
the DCCT ref. (84).
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episodes of hypoglycemia and hyperglycemia (23). However, fluctu-
ations in blood glucose levels can also occur due to alterations in
insulin metabolism with changing kidney function. Because insulin is
degraded by the kidneys, patients with progressive renal impairment
often begin to require less exogenous insulin due to increased exposure
and reduced clearances and need to be alert to the signs and symptoms
of hypoglycemia and how to treat it (24). Studies have shown
that insulin reductions of up to 25-40% may be necessary with
moderate to severe kidney impairment (25). With reduced kidney
function, there is also decreased clearance of some oral agents used
to treat diabetes. Reduced kidney mass also decreases gluconeoge-
nesis, which can compromise the ability of a patient to defend against
hypoglycemia (3).

3.1.1. TREATING HYPOGLYCEMIA

The 15/15 rule should be used to treat hypoglycemia; namely, take
15 g of carbohydrate (CHO), wait 15 mins and retest the blood sugar or
evaluate relief of symptoms. If necessary, repeat with another 15 g of
CHO and continue the process until the blood glucose level normalizes.
(4,26). The usual methods for treating hypoglycemia may result in fluid
overload and/or hyperkalemia in the oliguric patient with diabetes.
Better choices that will provide 15g of CHO are 10 jelly beans, 6
lifesavers, or 3—4 commercial glucose tablets. Once the blood glucose
returns to normal, if the next regular meal will be delayed, then the
patient should eat a snack with additional CHO to stabilize the glucose
level 1h later (4,26).

3.2. Hypertension Management

Tight blood pressure control plays an important role in the treatment
and prevention of diabetic nephropathy (7). In patients with TIDM, the
onset of HTN is frequently associated with the development of diabetic
nephropathy. It is estimated that 65% of patients with T2DM also
have HTN, which is often present as part of the metabolic syndrome.
Microvascular and macrovascular complications of diabetes are exacer-
bated when HTN is present as a comorbidity (27). The Seventh Report
of the Joint National Committee (JNC VII) and the ADA set a target
blood pressure goal of <130/80 mmHg for patients with diabetes and
kidney disease based on the findings of several large, randomized trials
(1,28) (refer to Chapter 5 for more details).
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3.3. Reduce Cardiovascular Morbidity

Cardiovascular death rates are two to four times higher in those with
diabetes than in those without diabetes (/,29), with heart disease and
stroke responsible for about 65% of deaths in people with diabetes.
Consensus panels evaluated the increased morbidity and mortality in
the diabetes population, and in the Third Report of the National Choles-
terol Education Program (NCEP), diabetes was reclassified as a risk
factor for coronary heart disease (CHD) (30). According to the NCEP,
patients with diabetes should achieve LDL-C levels less than 100 mg/dl
(15). Typically, statin drug therapy and lifestyle changes are necessary
to achieve LDL-C goals. Attention is then focused on achieving the
secondary targets, namely TG less than 150 mg/dl, HDL-C greater that
40 mg/dl in men and greater than 50 mg/dl in women, and non-HDL
less than 130 mg/dl (30).

People with TIDM tend to have a normal lipid profile if glycemia
is controlled. On the other hand, people with T2DM usually have
elevated TG levels and decreased HDL-C with normal total cholesterol
and LDL-C levels (/4). Those with diabetes tend to have smaller and
more dense LDL-C particles which are more atherogenic. Patients with
diabetes and CVD also have excess thromboxane production in vivo
(14). Thromboxane is a potent vasoconstrictor and platelet aggregant.
Aspirin blocks thromboxane synthesis and is recommended at doses
of 81-325 mg daily for primary and secondary prevention of CVD in
patients with diabetes (/) (refer to Chapter 7 for further information).

4. MEDICAL NUTRITION THERAPY (MNT)

MNT is an integral component of diabetes and CKD management
and should emphasize the role of the patient in problem solving
as much as possible, using a variety of education strategies and
techniques. General goals include the following (1,24):

e maintenance of near normal blood glucose levels by balancing food
intake, exercise, and available insulin with stage of kidney function;

e achievement of optimal serum lipids and blood pressure to reduce the
risk of CVD;

e adequate energy intake to attain or maintain a reasonable body weight;

e achievement of acceptable biochemical parameters and fluid status;

e prevention and treatment of acute and long-term complications of
diabetes and CKD;

e improvement in overall health through appropriate food choices and
physical activity; and
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e consideration of lifestyle, personal and cultural preferences, and
financial situation while respecting the individual’s willingness to make
changes.

Monitoring blood glucose, HbA1C, lipids, blood pressure, and
kidney function are essential to evaluate nutrition-related outcomes. If
goals are not met, changes must be made in the overall management
plan. The role of the dietitian is to help patients learn a problem-solving
approach that evaluates diet as one of many factors that impact these
goals (22).

4.1. Dietary Strategies for Carbohydrate
Management

Careful management of CHO intake is essential to any diabetes meal
planning approach and emphasizes knowing how much and when to
consume CHO. This component of the diet has the greatest impact as
both the amount (in grams) and type of CHO in food influences blood
glucose levels (37). Many dietary strategies can be used to achieve
consistency, and the registered dietitian is well qualified to match
the appropriate meal planning strategy to each patient’s lifestyle and
capabilities.

A “constant carbohydrate” meal plan suits patients who use diet
alone to control their blood glucose levels, those on fixed doses of
insulin or oral diabetes medications, or patients with low literacy.
Emphasis is placed on keeping the amount of CHO relatively constant
for each meal and eating meals at the same time every day. Insulin
would be adjusted around usual CHO intake as much as possible
rather than CHO being altered to meet the insulin regimens. Some
modifications in food choices may be needed to accommodate sodium,
potassium, and phosphorus restrictions (22,24).

The “carbohydrate counting” method provides the most flexibility
and is the preferred meal-planning approach for adjusting insulin
around usual dietary intake. Initially, careful record keeping by reading
food labels and measuring portion sizes for CHO foods is essential
until an accurate ratio of insulin to grams of CHO (I/C ratio) is estab-
lished. The patient counts the grams of total CHO to be eaten and then
matches it with the proper amount of insulin. This requires motivation
and a higher literacy level. The final insulin dose must also take into
account exercise and current blood glucose levels (correction factor
adjustment). It is important to keep protein and fat intake relatively
constant and not vary widely in CHO consumption to order to avoid
excess energy intake and undesired weight gain at the expense of blood
glucose control (22,24).
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Individuals who have premeal glucose values within target range
but who are not meeting HbA1C targets should consider monitoring
2-h postprandial glucose (PPG) after the start of the meal. Treatment
should be aimed at reducing PPG values to <180 mg/dl and thereby
comparably reducing HbA1C (/). There are now pharmacologic agents
that primarily modify PPG levels.

The Exchange List for Meal Planning is familiar to many people
with diabetes. Foods are categorized into six food groups with similar
amounts of CHO, protein, fats, and calories. Foods within each group
can be traded, depending on the amounts consumed (22,24). Although
the exchange lists can provide structure and a higher degree of
metabolic control, they also require a higher level of literacy due to
their complexity.

Low CHO diets, defined by the Institute of Medicine (IOM) as
restricting total CHO to <130gm/day, are specifically not recom-
mended in the management of diabetes (/,32). CHO are an essential
source of energy for optimal functioning of the brain and central
nervous system and for exercise performance. CHO are the only source
of dietary fiber and they supply important water-soluble vitamins,
minerals, and other phytochemicals and antioxidants important for
good health. The ADA recommends that CHO be derived primarily
from whole grains, fruits and vegetables, and non-fat or low-fat dairy
products (/). However, with decreasing kidney function, food choices
and portions may need to be adjusted based on serum potassium and
phosphorus levels. Dietary guidelines for diabetes are often liberalized
on the renal diet to provide adequate calories from increased amounts
of unsaturated fats and simple CHO, especially with low protein
diets.

4.1.1. GLYCEMIC INDEX

Controlling high postprandial blood glucose levels is an ongoing
challenge in diabetes management. Both the quantity and the type or
source of CHO found in foods influence PPG levels. Most experts
agree, and the ADA position is, that the evidence for total CHO intake
from a meal or snack is a more reliable predictor of PPG (4,31,33,34).
The impact and relative importance that type or source of CHO has
on PPG levels continues to be an area of debate. Two methods that
categorize CHO-containing foods based on their glycemic response
are the glycemic index (GI) and the glycemic load (GL) (4,31).

The GI ranks CHO foods based on how they affect postprandial
glycemia. Some foods result in a marked increase followed by a more
or less rapid fall in blood glucose, whereas others produce a smaller
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peak along with a more gradual decline in plasma glucose (4,31).
The specific type of CHO (starch vs. sucrose) present in a particular
food does not always predict its effect on blood glucose (35). Foods
ingested in 50 g portions are quantified in comparison to a reference
food, either glucose or white bread, and the increase in blood glucose
(over the fasting level) that is observed after 2h determines the GI
value for that food.

The GL of a particular food is the product of the GI of the food and
the amount of CHO in a serving, so it primarily reflects CHO intake.
No intervention studies have been done to show a benefit from using
the GL technique in persons with diabetes to determine the effect of a
mixed meal on PPG and insulin levels, as well as the effects on all day
glucose and insulin levels. In fact, no studies to date have found that
the amount of CHO eaten per day is significantly associated with the
development of type 2 diabetes. This greatly diminishes the importance
of GL as a contributor to the onset or development of diabetes (36-37).

There are a number of confounding issues regarding the GI that
make its usefulness complicated (4,31,35,38,39). Some of these include
the following:

e The GI of a food varies substantially depending on the kind of food,
its ripeness, the length of time it was stored, how it was cooked, how
it was processed, and its variety (e.g., types of potatoes or rice).

e The GI does not predict PPG response in individuals with diabetes as
accurately as it does in healthy persons.

e The GI of a food varies from person to person (inter-individual variation
of 10%) and even in a single individual (intra-individual coefficient of
variation ranges 23-54%) from day to day, depending on blood glucose
levels, insulin resistance, and prior food intake.

e The GI of a food might be one value when eaten alone and another
value when it is eaten with other foods as part of a complete meal.

e The GI value is based on a portion that contains 50 g of CHO, which
is rarely the total amount eaten.

e Most GI values reflect the blood glucose response to food for only
2h, whereas glucose levels after eating some foods remain elevated
for up to 4h or longer in people with diabetes because of their altered
hormonal responses.

e Another concern is that many high fat foods have a low GI. If food
manufacturers begin lowering the GI of processed foods by adding high
fat ingredients or high fructose corn syrup (which has a low GI), then
consumers once again face the dilemma of altered snack or convenience
foods being perceived as healthy.
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In summary, there appears to be a small effect from a low GI diet
over a high GI diet, primarily on PPG. Use of a low GI diet does not
affect fasting plasma glucose values. The GI concept can be used as
an adjunct to help “fine-tune” glycemic control. However, there is still
insufficient evidence for the ADA to recommend use of low GI diets
as a primary strategy in food/meal planning (4,37).

4.1.2. FIBER

Fiber intake should be encouraged within the constraints of the
renal diet. High fiber diets (50 g fiber/day) have been shown to reduce
glycemia in subjects with TIDM and T2DM and to reduce hyperin-
sulinemia and lipemia in subjects with T2DM (4,26). Because there
are potential barriers to achieving such a high fiber intake, the ADA
position as a first priority encourages people with diabetes to aim
for the same fiber intake goals set for the general population (14 g /
1000 kcal/day).

4.2. Protein Guidelines for Diabetes and CKD

Although glucose is the primary stimulus for insulin release,
protein/amino acids enhance insulin release when ingested with CHO,
and thus aid the clearance of glucose from the blood (4,26). Dietary
protein intake appears to have an important impact in those with
evidence of diabetic nephropathy. The KDOQI Diabetes and CKD
Nutrition Management Guidelines and the ADA position statement
for Nutrition Recommendations and Interventions for Diabetes
state:

e At all Stages of CKD (/—4), persons with diabetes should achieve a
dietary protein intake that meets, but does not exceed, the Recom-
mended Dietary Allowance (RDA) of 0.8 g/kg body weight/day (3).

e Reduction of protein intake to 0.8—1 g/kg/day in the early stages of CKD
and to 0.8 g/lkg/day in the later stages of CKD may improve measures
of kidney function and is recommended (4).

Further protein restriction to 0.6 g/lkg body weight/day should GFR
begin to drop more rapidly than 4 ml/min/year at CKD stage 4 has
been shown to slow the decline in selected patients who are stable
and closely monitored (//-13). However, this needs to be balanced
with the possibility of undernutrition in patients with diabetes who are
prescribed a low protein diet, as insulin deficiency stimulates gluco-
neogenesis and increases protein degradation. Metabolic acidosis also
needs to be corrected to maintain positive nitrogen balance. Based on
the available evidence, the KDOQI Diabetes Work Group concluded
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that “limiting dietary protein will slow the decline in kidney function
and progression of albuminuria, and it may prevent Stage 5 CKD”
(3). The benefits of limiting dietary protein intake are more evident
in T1DM than in T2DM, but that may be due to fewer studies having
been done in the latter population. Based on two meta-analyses, low
protein diets had more pronounced benefits in diabetic than non-
diabetic kidney disease (40,41). Even modest limitations of dietary
protein (0.89 g/lkg body weight/day vs. 1.02 g/kg body weight/day)
substantially reduced the risk of stage 5 CKD or death in persons with
T1DM and stage 2 CKD (42).

At the other end of the spectrum, high protein diets are a particular
concern in diabetes because they appear to have more pronounced
effects on renal hemodynamics (including glomerular hyperfiltration
and increased intraglomerular pressure) and kidney damage (increased
albuminuria and accelerated loss of kidney function based on GFR)
(3). Therefore, the KDOQI Diabetes Work Group state that diabetic
persons with CKD should avoid high protein diets (>20% of total
daily calories) that are recommended in common popular diets such as
Atkins, Protein Power, the Zone, South Beach, and Sugar Busters (3).

The KDOQI Diabetes Work Group suggests that the Dietary
Approaches to Stop Hypertension (DASH) and DASH-Sodium diets
(43) that emphasize sources of protein other than red meat may be an
alternative to lower total protein intake in persons with HTN, diabetes,
and in CKD stages 1-2. Diets that emphasize proteins from plant
sources (vegetables, soy, whole grains, legumes, and nuts) instead of
animal sources (particularly red meat) may be renal-sparing (3,43—47).

The NKF KDOQI Guidelines on Hypertension in CKD recommend
a version of the DASH diet with modifications for CKD stages 3—4
(43,48). These modifications decreased dietary protein from 1.4 g/kg
body weight/day to 0.6-0.8 g/kg body weight/day as well as restricted
phosphorus (0.8-1 g/day) and potassium (2-4 g/day) intake (3,48).
Because most persons with diabetes and CKD have HTN, which
is characterized by enhanced sodium retention, a dietary sodium
restriction to 2.4 g/day (100 mmol/day), as recommended by the
DASH-Sodium diets and the 2005 Dietary Guidelines, would apply to
this population (3,43).

Individuals will remain well nourished as long as an adequate
energy intake is maintained for those who achieve the RDA for protein
(0.8 g/kg body weight/day). Regardless of the level of protein intake,
greater than 50% of the protein should be of high biologic value
(HBV), coming predominantly from lean poultry, fish and soy- and
vegetable-based proteins (3) [see Chapter 25, for the biologic values of
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selected animal and vegetable food sources, noting that anything >60%
is considered HBV for adults (49,50)]. The ADA Nutrition position
statement defines good quality protein sources as having a high protein
digestibility-corrected amino acid score (PDCAAS) and which provide
all nine indispensible amino acids (4). Examples are meat, fish, poultry,
eggs, milk, cheese, and soy (32).

4.3. Dietary Fat Recommendations

When protein intake is limited, an increase in CHO and/or fats
is required for adequate energy intake. According to the National
Academy of Sciences, Institute of Medicine (NAS/IOM), non-protein
calories (90% of total) should be distributed as 30% or less from dietary
fats and up to 60% from complex CHO (3,32). The metabolic profile
and need for weight loss should be considered when determining the
fat content of the diet (32).

Dietary fat, when eaten with CHO, slows glucose absorption and
delays the peak glycemic response (37). Saturated fat and trans fatty
acids are the principal dietary determinants of plasma LDL-C, the
major risk factor for CVD. Because individuals with diabetes are
considered to be at similar risk for CVD as those with a history of
CVD, the most recent guidelines for dietary fat intake (amount and
type) from the NCEP and the American Heart Association (AHA)
would apply. These recommendations state that total fat should be
25-35% of total calories, with saturated fat <7% and trans fat <1%
of calories (30,51) (refer to Chapter 7 for more detail).

The KDOQI Diabetes Work Group suggests that increasing the
intake of omega-3 and monounsaturated fatty acids may provide
favorable effects on progression of CKD, although the level of evidence
is weak and based on the opinion of the Work Group. Few studies have
examined the effects of fatty acid intake or supplements on the markers
of kidney disease and the risk factors in patients with diabetes, and
those studies have been short term and in small numbers (3,52-53).

The IOM established guidelines for the intake of omega-3 fatty
acids. Adequate intake (Al) of alpha-linolenic acid was established at
1.6 g/day for men and 1.1 g/day for women. The more physiologically
potent eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
can be substituted for up to 10% of these amounts (32). The AHA and
the KDOQI Clinical Practice Guidelines for Cardiovascular Disease
in Dialysis Patients recommends 12—16 ounces of oily cold water fish
weekly, which would provide EPA and DHA well in excess of the 10%
Al amounts recommended (5/,54). Patients with documented CHD
are advised to consume 1 g of EPA and DHA daily, either from fish
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or supplements. Under a physician’s care, supplements which provide
2-4 g of EPA + DHA daily are recommended for individuals with
hypertriglyceridemia (51).

4.4. Energy Needs and Weight Management

In the early stages of CKD, the primary goal for MNT is to
prevent protein and energy malnutrition (PEM), which increases the
risk of poor clinical outcomes and morbidity and mortality (55). The
DCCT recommended the usual level of 25 kcal/kg body weight/day be
increased to 35 kcal/kg body weight/day for people with diabetes (/1).
The NKF KDOQI Nutrition guidelines for stages 1-3 CKD are based
on energy expenditure (/7,55). The ADA MNT Guides for nondialysis
use the basal energy expenditures equation (considering stress, protein
intake, and weight goals) (2,9).

The energy needs of patients with CKD parallel those of normal
healthy individuals (55). However, a recent review of evidence-based
guidelines for MNT in CKD recommends a range of calorie levels,
depending on age and level of kidney function (56). The NKF KDOQI
Nutrition guidelines for stage 4 CKD recommend 30-35 kcal/kg/day
for individuals >60 years of age and 35 kcal/kg/day for those <60 years
of age, using standard body weight based on the second National Health
and Nutrition Examination Survey (NHANES II) (58). The ADA MNT
Guides for nondialysis patients recommends 3545 kcal/kg/ideal body
weight (to achieve positive or neutral nitrogen balance) (9). In a review
of emerging research since the year 2000, and after evidence-based
guidelines were published, overall, nondialyzed patients with CKD
seem to have lower energy requirements in comparison to healthy
controls and maintenance dialysis patients (56).

Only one study, by Avesani et al. (2001) (57), tried to determine
whether the measured resting energy expenditure (MREE) of nondi-
alyzed patients with CKD (n=24) differed from that of nondialyzed
patients with CKD and diabetes (n=24, with only 3 TIDM). The
MREE was based on indirect calorimetry using a metabolic cart.
Outcomes showed that CKD patients with diabetes had higher MREE
(12.5% higher) than those without diabetes, with significant correla-
tions to lean body mass and creatinine clearance. Multiple regression
analysis showed that having diabetes added 182kcal to the REE.
Dietary energy intakes were not significantly different between those
with diabetes (mean 23.4 £ 5.4 kcal/kg/day) and those CKD patients
without diabetes (mean 24.8 £+ 6.9 kcal/kg/day). However, there was
no evidence of PEM [normal level of serum albumin and mean body
mass index (BMI) 26 kg/m?].
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4.4.1. WEIGHT MANAGEMENT AND EXERCISE

For overweight individuals with T2DM in stages 1-3 CKD,
moderate weight loss of 5-10% with maintenance improves insulin
sensitivity, glycemic, and blood pressure control and reduces CVD risk
(2,58). The primary approach for achieving weight loss is therapeutic
lifestyle change, which includes a moderate reduction in energy intake
(500-1000 kcal/day) and an increase in moderate physical activity
(contributing approximately 200 kcal/day), which should result in a
slow but progressive weight loss (1-2 1b/week) (7).

Recommendations for physical activity should be modest and
based on the patient’s willingness and ability. The ADA guidelines
recommend a goal of at least 150 min/week of moderate intensity
activity (50-70% maximum heart rate) over at least 3 days/week.
Resistance exercises three times/week are also encouraged (/,4). It is
important to monitor blood glucose levels before exercising in people
with TIDM because vigorous exercise could lead to hypoglycemia
or hyperglycemia, depending on the initial blood glucose levels.
For planned exercise, a reduction in insulin dosage is the preferred
method to prevent hypoglycemia. However, for unplanned exercise,
an additional 10-15g of CHO may be needed for every 60 min of
moderate intensity exercise (4).

Pharmacologic treatments for obesity such as sibutramine
(Meridia®, Abbott Laboratories) and orlistat (Xenical®, Roche US
Pharmaceuticals) are the most studied drugs, and they are the only
two approved for long-term treatment of obesity. Most patients who
take these drugs, including those with diabetes, have sustained weight
loss of up to 10% of their body weight compared with patients on
placebo (59).

Sibutramine has a dual action as an appetite suppressant and as a
norephineprhine and serotonin re-uptake inhibitor. Its utility is limited
in patients with CKD patients because it can cause mild tachycardia
and an increase in blood pressure (59). Orlistat is a potent inhibitor of
pancreatic lipase. It acts in the lower gut to prevent the breakdown of
long-chain fatty acids inhibiting the absorption of fat in the intestine
resulting in excess fat removal in the stool. Unfortunately, insurance
does not typically cover weight loss therapies and monthly out-of-
pocket costs exceeding $100-$200 can be prohibitive for most patients.

4.5. MNT Summary

Table 4 summarizes the nutrition recommendations for patients with
diabetes and CKD (3). There is no evidence for additional vitamin
and mineral supplements in persons with diabetes who do not have
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Table 4
Daily Nutrition Recommendations for Diabetes and Chronic Kidney
Disease
Recommendation
Stages 1-2 Stages 1-4 Stages 3—4

Nutrient CKD CKD CKD
Calories 30-35 kcal/kg

Obese (=) 500-1000 kcal
Carbohydrate 60%
(% kcals)

Fiber 14 g/1000 kcal
Protein g/kg/day 0.8 g/kg
(% kcals)
Fat (% kcals) 30%

Saturated fat 7%

(% kcals)
Cholesterol, mg <200 mg
Sodium, mg <2400 mg
Phosphorus 1700 mg 800-1000 mg
(mg/day)
Potassium >4000 mg 2400 mg
(mg/day)

Adapted from refs. (3,4). Reprinted with permission from the National Kidney
Foundation, Inc.

underlying deficiencies. Routine supplementation with antioxidants is
not advised because of uncertainties related to long-term efficacy and
safety (26). A detailed MNT protocol for CKD (non-dialysis) from the
American Dietetic Association is presented in Chapter 25 (9).

4.5.1. MEDICARE REIMBURSEMENT FOR MNT

Effective on January 1, 2002, Medicare beneficiaries diagnosed with
diabetes and non-dialysis kidney disease inclusive of postrenal trans-
plant were eligible for reimbursement of MNT. Beneficiaries must have
a fasting glucose level >126 mg/dl to meet the diagnostic criterion for
diabetes. Chronic renal insufficiency or non-dialysis kidney disease
is defined as a GFR of 13-50 ml/min/1.73 m?, not severe enough to
require dialysis or renal transplantation. Effective on February 27,
2001, Diabetes Self Management Training (DSMT) services were
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eligible for Medicare reimbursement. Refer to the Centers for Medicare
and Medicaid Services (CMS) guidelines published elsewhere for more
detail (2,60-62).

5. MEDICAL MANAGEMENT OF DIABETES
5.1. Insulin Therapies and Oral Agents

Until 1995, insulin and sulfonylureas were the only classes of drugs
available in the United States for the treatment of diabetes. Since then,
new insulin analog and insulin delivery devices, four new classes of
oral medications, and a new class of “incretin mimetics” have been
approved for diabetes management (63).

Patients with T1DM require exogenous insulin in contrast to patients
with T2DM who do not require exogenous insulin for survival, at least
initially (/). Patients with T2DM continue to lose beta-cell function
despite treatment. At diagnosis, they usually have less than 50%
of their normal insulin secretion and, after 6 years, less than 25%.
This progressive decline in beta-cell function is the reason many fail
oral therapy and require insulin (64). Some studies have shown that
beta-cell function may be preserved with early insulin therapy that
reduces the initial “glucose toxicity” (65). Simply introducing a once-
daily injection of a basal insulin at bedtime, such as insulin glargine,
detemir, or NPH, to an existing oral regimen can help reach glycemic
goals (66).

Insulin dosing is very patient-specific, and there is no one way that
works best for all patients. When a basal and bolus insulin combination
is used, it increases the patient’s flexibility and may allow the patient
to skip or change meal times or adjust the bolus dose based on the
meal content. However, the newer “physiologic” approach, which tries
to mimic normal insulin secretion, requires multiple daily injections
or a pump. A peakless basal insulin is usually given once or twice
daily, and a short-acting bolus insulin is usually given before each
meal (65). Fasting hyperglycemia is controlled mainly by basal insulin
secretion, which regulates hepatic glucose production; bolus insulin is
for postprandial glycemic control.

Most patients with T2DM prefer the most simple insulin regimens
possible in combination with oral agents such as using insulin glargine
and insulin pens or premixed insulins (64). A comparison of current
insulin therapies used in the treatment of TIDM and T2DM (64,67)
and current oral agents used in the treatment of T2DM are presented
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in Tables 5 and 6 (63,66,68-71), respectively. The first generation
sulfonylureas should be avoided in patients with CKD because they
rely on the kidney for elimination of the drug and active metabo-
lites, which could result in prolonged action and a greater risk of
hypoglycemia (3).

5.2. Postprandial Glycemic Control and Incretin
Mimetics

High postprandial blood glucose levels are a major problem that
impact glycemic control in most people with T2DM. This cycle is
triggered when the release of insulin is both delayed and blunted
in response to blood glucose levels. The alpha cells of the pancreas
respond by increasing the excretion of the hormone glucagon, which
stimulates the liver to release glucose in the blood and causes further
increases in postprandial blood glucose levels (72). To achieve the
currently recommended evidence-based glycemic target for HbA1C of
7% or less, better control of postprandial hyperglycemia is needed.
This is because as blood glucose control approaches target levels,
postprandial blood glucose makes a proportionally greater contribution
to overall glycemic exposure (72).

Incretins are hormones that enhance insulin secretion in response to
elevated blood glucose levels from oral intake by stimulating the beta
cells of the pancreas to produce the right amount of insulin at the right
time. They also suppress the secretion of glucagon in the presence
of hyperglycemia (which helps decrease hepatic glucose output) and
slows gastric emptying, both of which help improve blood glucose
regulation (73).

5.2.1. GLUCAGON-LIKE PEPTIDE-1

Glucagon-like peptide-1 (GLP-1), secreted by intestinal L cells,
appears to be the major mediator of the incretin effect as it binds
to receptors in the pancreas, stomach, lung, and brain, and it also
stimulates insulin secretion from the pancreas in response to high blood
glucose levels (74). Both insulin and GLP-1 are normally present and
work together in healthy individuals without diabetes. Secretion of
these hormones is deficient in patients with T2DM. GLP-1 is estimated
to account for 70-80% of the endogenous incretin effect that has a role
in maintaining normoglycemia in nondiabetic individuals following a
caloric load (75).
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5.2.2. EXENATIDE (BYETTA® )

Exenatide injection, Byetta® (Amylin Pharmaceuticals/Eli Lilly),
is the first of a new class of drugs known as “incretin mimetics”
approved to treat people with T2DM who are unable to control
their blood glucose levels with oral agents and to specifically help
improve postprandial hyperglycemia. Studies consistently show a
sustained 1% reduction in HbA1C levels with initial weight reduc-
tions averaging 4-5 Ib. Glycemic control has been maintained for up
to 2 years with long-term use of exenatide, resulting in continued
weight loss of up to 1015 Ib, an effect rarely seen with other diabetes
medications. Additionally, fasting glucose was reduced by 28 mg/dl
(63,75).

5.2.3. PRAMLINTIDE (SYMLIN®)

Another injectable drug, pramlintide acetate (Symlin®, also
marketed by Amylin Pharmaceuticals) has many of the same incretin
effects but with different mechanisms of action. Pramlintide is a
synthetic version of the hormone amylin, which is co-produced and
co-secreted with insulin in the beta cells of the pancreas and then binds
to receptors in the stomach and brain. It acts to suppress appetite,
slow gastric emptying, and suppress glucagon secretion, which reduces
hepatic glucose output postprandially. Amylin secretion has been
shown to be delayed and diminished in more advanced cases of T2DM
and markedly reduced or absent in people with TIDM (75,76). Without
sufficient amylin, glucose enters the blood rapidly following meals,
producing glycemic peaks. Without amylin, it is harder for insulin
to lower these peaks, making glycemic control more challenging. In
contrast to exenatide, pramlintide has no stimulation on the beta cells
(76—77). In cohort studies, the addition of amylin to insulin resulted
in significant reductions in A1C (between 0.5 and 0.7%) with a mean
weight loss of 2kg over 6 months (78). These findings have been
sustained over 2 years in uncontrolled open-label extension studies
with additional weight loss up to 4 kg (79). Patients with moderate or
severe renal impairment (CrCl 20-50 ml/min) did not show increased
exposure or reduced clearance of pramlintide compared to subjects
with normal renal function (75).

It should be emphasized that current research is exploring new
medications to assist with glycemic control, and availability of
pharmacological agents changes rapidly. A comparison of pramlintide
(Symlin) and exenatide (Byetta) (80-81) is presented in Table 7 and
Table 8 provides a summary of the current glucoregulatory options for
T2DM (74,82).
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5.3. Self-Monitoring of Blood Glucose (SMBG)

In recent years there has been an impressive increase in new self-
monitoring of blood glucose (SMBG) systems to improve glycemic
control. The ADA recommends a minimum of once-daily monitoring
for patients on insulin or insulin secretagogues to assist in the
prevention of hypoglycemia. However, to obtain optimal glucose
control, it is necessary for a patient using insulin therapy to test a
minimum of three times/day to detect variations in blood glucose levels
that may require adjustments in insulin dosages (/).

Results of SMBG can be useful in preventing hypoglycemia and
for adjusting medications, food intake, and physical activity to achieve
glycemic goals. The ADA acknowledges that the benefits of tight
control may not be indicated for the elderly (=65 years of age) or
patients with advanced complications. The optimal frequency and
timing of SMBG for patients with T2DM is not known, but should be
sufficient to reach glucose goals (/). A reasonable goal would be to
monitor fasting blood glucose and then vary a second blood check by
rotating different days and times to see if a pattern emerges prior to
certain meals, 2 h postprandial, or at bedtime. It is especially important
to test 2 h postprandially in a person with T2DM, as this time period
tends to be most problematic in this population. It is also important for
health care providers to evaluate each person’s monitoring technique
for accuracy, both initially and at regular intervals thereafter. Despite
education, few patients self-monitor their blood glucose levels on a
regular basis or adhere to the SMBG regimen prescribed by their health
care providers (83).

6. CONCLUSION/SUMMARY

The incidence of both diabetes and CKD is on the rise. Living
with either diabetes or CKD is challenging for anyone. Managing
diabetes in the presence of CKD requires additional effort on the part
of the patient and the health care team to improve outcomes and to
decrease morbidity and mortality in this population. Because of the
complexity of diabetes and CKD and their comorbidities, multiple drug
therapies, in conjunction with MNT, are necessary to achieve the goals
of therapy; therefore, patient adherence becomes a serious concern.
The nutrition needs of patients with diabetes and CKD change as the
progression and treatment of the disease changes. Understanding the
treatment goals at each stage is crucial to optimize the nutritional status
of patients throughout the course of their disease and to individualize
their education and meal plans accordingly (22).
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7. CASE STUDY

G.O. is a 58-year-old Caucasian male who is morbidly obese and
is referred for MNT with interest in starting Symlin to aid weight loss
and improve glycemic control. Patient is not interested in gastric bypass
surgery. His medical history reveals T2DM x 19 years, HTN, hyper-
lipidemia, CKD, anemia, gout, arthritis; morbid obesity; retinopathy.
Current medications include Novolin 70/30, takes 80 u. a.m. and 90 u.
with supper; Zocor 40 mg; Tricor48 mg; Lasix 80 mg; Vasotec 40 mgbid;
Atenelol 100 mg; Losartin 100 mg; Lasix 80 mg; Norvasc 10 mg; Allop-
urinol 100 mg; Cardura 4 mg; Colchicine 0.6 mg; Procrit 8000 units SC
q wk; MVI daily. His physical exam presents with height: 5'11”; weight:
370# (BMI 52 kg/m?); BP 140/60 mmHg; pedal edema 2+. Laboratory
data included HbAIC 8.5, Glucose 193 mg/dl (postprandial); SCr.
2.6 mg/dl; MAC 123 mm; Hgb 10.1 g/dl; TC 201 mg/dl; TG 671 mg/dl;
HDL 32 mg/dl; LDL unable to calculate. He routinely only checks blood
sugar (BS) two times/day at a.m. and HS; sporadically will check four
times/day including lunch and dinner; reports three to four episodes
of hypoglycemia monthly (usually from meal delay). He did not bring
meter or BS log with him. He is married; works 7 a.m. to 3 p.m. as
a computer analyst for a large company; quit smoking 18 years ago;
no alcohol consumed. He complains of swelling in feet and does not
regularly exercise; reports balance/stability problems with gout and
excess weight. Dietary history revealed that he has used the Atkins Diet
in the past and lost up to 40 1b only to regain the weight. Most recently
on Atkins diet 9 months ago but developed kidney failure requiring
hospitalization (admission labs indicated: Gluc 102, BUN 197, Cr 6.6,
Ca++ 13.9, K+ 4.8, C02 25, Hgb 11.4). Kidney function stabilized
and no longer follows Atkins diet. Eats out weekly at Olive Garden
restaurant. Reports no previous diabetes classes or education from a
dietitian. Desires weight loss to 300#. G.O., in attempt to lose weight,
has altered his meal pattern recently and reports that breakfast at work
8:30 a.m. (1 c. cereal with 1/2 c. 1% milk and banana), a.m. snack (snacks
on bag of microwave popcorn throughout morning), noon lunch (frozen
Weight Watchers meal or 2 c. homemade navy bean/corn chowder
soup and 1.5 oz chips with diet Coke), p.m. snack (apple, hard candy,
and diet Coke), supper 5:30 p.m. (6 oz. meat, 2 starch servings, green
salad or vegetable, diet Coke), HS snack (ice cream bar or cookies).

7.1. Case Study Questions

1. What is the patient’s estimated GFR and CKD stage?
2. Because patient did not bring meter or SBGM records with him, what
is his average blood sugar based on his HbA1C?
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3. Is patient a good candidate for Symlin? Why or why not?
4. If Symlin initiated, what precautions/guidelines need to be followed?
5. What dietary protein intake would you recommend?
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Summary

Chronic kidney disease (CKD) patients are at higher risk for cardiovascular
disease (CVD) than the non-CKD population. The Kidney Disease Outcome
Quality Initiative guidelines support intervention to reduce and manage CVD
risk factors including dyslipidemia in this population. The achievement and
reduction of dyslipidemia to optimal levels in CKD stages 1-4 can be most
successfully accomplished using a multifactorial health care team approach that
includes comprehensive assessment and intervention using lifestyle, dietary,
and pharmacological strategies.
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1. INTRODUCTION

The National Kidney Foundation’s Kidney Disease Outcome
Quality Initiative (KDOQI) has produced a cohort of clinical practice
guidelines directed toward improving the quality and breadth of care
given to patients with chronic kidney disease (CKD) (/). The KDOQI
Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation,
Classification, and Stratification created a clinical action plan that
defined five stages of kidney function by glomerular filtration rate
levels (2). This classification system re-directed the existing focus
when patients were near or at kidney failure (stage 5 requiring renal
replacement therapy such as hemodialysis or transplantation) to earlier
clinical intervention during stages 1-4 which might delay or retard
progression. By applying the KDOQI classification system to existing
population surveys, it is now conservatively estimated that more than
20 million Americans (one out of nine adults) have some risk factors
for CKD (2).

Recent analyses have suggested an increase in cardiovascular
disease (CVD) as high as 100% greater in CKD compared to the
general population even when matching for gender, race, age, and
other confounding risk factors (3). Control of dyslipidemia in earlier
stages of CVD may help lower or prevent cardiovascular risk (4). Lipid
screening has been added to the expanded activities for the National
Kidney Foundation’s Kidney Early Evaluation Program beginning in
2006 (5). The American Kidney Fund’s Minority Intervention Kidney
Evaluation and Take Charge: Protect Your Kidneys public education
programs both include lipid levels as part of their CKD risk factor
evaluation (6). This chapter will focus on the definition and treatment
of dyslipidemia in stages 14 of CKD.

2. PATHOPHYSIOLOGY

Dyslipidemia is defined as elevated serum levels of lipid compo-
nents in the blood: total cholesterol (TC), high-density lipoproteins
(HDL), low-density lipoproteins (LDL), and other lipid particles.
Abnormal lipid profiles are seen in kidney function impairment
and particularly in protein-losing nephropathies such as nephrotic
syndrome (4,7).

Lipid metabolism, specifically cholesterol synthesis, takes place in
the liver. The liver produces bile which is the primary lipid-reducing
agent stored in the gallbladder. Cholesterol can be synthesized in the
liver. It can be removed from circulating lipoproteins and be directly
absorbed from the small intestine from cholesterol secreted in the
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bile or from dietary cholesterol. Excess circulating cholesterol results
in hyperlipidemia. Individual variation in lipid response comprises
differences in absorption or biosynthesis of primary and receptor-
mediated lipid products that may or may not be CKD related. Chronic
elevation may lead to deposits on inner arterial walls (fatty plaque)
resulting in accumulation and atherosclerosis.

The process of reverse cholesterol transport also exists whereby
cholesterol may be removed from areas of lipid accumulation and
returned to circulation. The exact mechanisms responsible, however,
are still being understood. HDL, as the primary carrier, transports
cholesterol back to the liver where it is either reused or excreted.
This metabolic process uses a cohort of enzymes and protein pathways
to decrease monocyte penetration of wall sites. Macrophages attract
oxidized LDL which appear to increase inflammatory effects (§,9).

3. EXISTING CLINICAL PRACTICE GUIDELINES
AND PEER-REVIEWED RECOMMENDATIONS

KDOQI suggests that all CKD patients should be managed as high-
risk using existing lipid guidelines for non-CKD high-risk patients.
Specific KDOQI guidelines have been published for dyslipidemias in
CKD and are discussed in this chapter (4,7/0). Currently, there are no
long-term studies of lipid management in CKD patients that provide
any additional information to direct care. A meta-analysis of the general
population supported the beneficial, low-risk effect of dietary and
pharmaceutical modifications to reduce level of serum lipids (/7).

4. ASSESSMENT

4.1. Biochemical

Serum lipids should be assessed at the first office visit. Patients may
have been screened for TC with a non-fasting sample as part of general
risk assessment. Ideally, a fasting lipid profile should be obtained.
The lipid profile should include TC, HDL, LDL, and triglycerides.
Values reported outside of reasonable laboratory parameters should be
repeated for reliability. Instructions for fasting should be reinforced
with the patient prior to the subsequent blood draws (4,10).

Serum lipids should be drawn annually or whenever a treatment
change warrants re-assessment of effect. Serum lipid patterns may
change during CKD stages 4 and 5. The ramifications of the duration
of lipid abnormalities and their relationship to later CVD risk are
unknown. When hyperlipidemia is particularly resistant to standard



180 Part II / Chronic Kidney Disease During Stages 1-4 in Adults

treatment, the clinician may consider additional biochemical testing
for contributory inflammatory markers (c-reactive protein and newer
novel biomarkers such as monocyte chemoattractant protein or plasma
selectin) (4,12). Hidden sources of infection should be investigated
(i.e., foot and nail infection particularly in diabetics) and advanced
periodontal disease.

4.2. Physical

Measured, rather than self-reported, height and weight should be
recorded. The body mass index should be calculated and compared
to standardized tables for baseline assessment. Patients with fluid
accumulation such as edema, amputees, or other body composition
imbalances need special adaptations to standardized formula. (13).
Physical assessment should include an evaluation of recommended
cardiac activity level and intensity based on American Heart Associ-
ation guidelines in preparation for lifestyle intervention (/4).

Patterns of body composition have not received much attention in
the literature. Ideally, individuals should have optimal lean muscle
mass in proper proportion to adipose tissue to achieve a body mass
index comparable to normal body weight (14,15). There are several
hand-held instruments that can be used to estimate lean body mass
with individual strengths and weaknesses on reliability and validity
of data over time. Employing a single instrument to track changes of
an individual over time using their own baseline to measure progress
may be more consistent and reliable rather than comparing to a hetero-
geneous group mean or trend. Adipose tissue location, particularly
abdominal fat stores estimated by waist circumference, has also been
used in cardiovascular risk factor evaluation.

A detailed medical history should be taken including, but not
limited to prior laboratory values, family history of associated lipid
or vascular disorders, comorbid conditions, and current medications
(4,10,14,15).

4.3. Nutritional

A registered dietitian will be most able to evaluate the dietary intake
and recommend specific food changes to promote lower serum lipids.
Dietary intake patterns can be assessed by one of several methods
(see Chapter 4). Specific attention should be given to the type of fat
consumed by saturation level, pattern of fat consumption throughout
day, and use of fat in food preparation. Detailed information from a
computer analysis of nutrient content should guide dietary changes
(4,10,13-15).
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A single educational session will be insufficient to enact dietary
change. Routinely scheduled long-term monitoring is required. The
services of a registered dietitian delivered to Medicare-eligible patients
diagnosed with diabetes and kidney disease are reimbursable with a
referral from their treating physician (/6). This professional assessment
and on-going monitoring are essential to attain the dietary goals.

5. INTERVENTION
5.1. Lifestyle

The American Heart Association recommends establishing a
consistent daily physical activity pattern for all adults. Sustained
cardiac activity will promote the use of circulating lipids for energy,
rather than storage as atherosclerotic deposits. Also, regular exercise
to achieve a sustained cardiovascular benefit heart rate level may
reduce serum fat particle size (/4). Patients can visually understand
this exercise principle if a bottle of salad oil combined with red vinegar
is shown first in a resting state of separated layers and then shaken (as
in exercise) to distribute and reduce the fat particle size.

The increased cardiac output and corresponding muscle strength
generally have minimal risk when undertaken within the context
of daily activities found in the home (climbing stairs, walking,
vacuuming, and carrying groceries). CKD patients may have anemia
which can reduce oxygen-carrying capacity of the blood and exhibit
symptoms of fatigue. Anemia can be treated with multifaceted
protocols that include iron supplementation in conjunction with
injectable erthyropoeitin, the kidney hormone decreased in CKD.

The American Heart Association recommends a minimum of 10,000
steps per day to achieve basic cardiac health (/4). A simple pedometer
can be used to record steps taken per day. Complicated models
monitoring stride distances are not necessary. Although the accuracy
between pedometers has been shown to be variable, the use of the same
pedometer by the same patient on a daily basis minimizes variability
and provides a consistent baseline measurement upon which to monitor
physical activity. Physical activity can be increased by small incre-
ments of as few as 100-250 steps per day until the minimal goal has
been reached or as higher goals are attained. The use of a pedometer
should become routine over time. The placement of the pedometer in
relation to the hip flex movement is important to obtain accurate and
consistent results.

To sustain motivation, many individuals benefit from pairing with a
“walking buddy” or walking group to provide continuous support and
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activity opportunities. Recent lifestyle studies have shown individuals
who owned dogs increased their daily walking frequency and distance
when compared to individuals who did not. In addition, social support
generally has been shown to decrease relative risks of death in both
the general and chronic disease populations (/7).

5.2. Dietary

The general dietary principles to treat dyslipidemia by diet in CKD
stages 1-4 are summarized in Table 1. The key component of dietary
intervention is type and amount of fat consumed with emphasis on
reducing saturated and trans-fatty acid content. This is a general
population goal for both healthy and CKD individuals (4,15). As such,

Table 1
Summary of Dietary Recommendations to Address Dyslipidemia in CKD
Stages 1-4
Dietary
modification Intervention method Anticipated change

Attain and
maintain healthy
body weight

Maintain normal

Match energy
intake to
energy output

Match caloric

Calculate and implement
amount of calories required
using goal body weight

Provide adequate dietary

distribution protein while providing serum albumin
among diet sufficient total calories Decrease risk of
components Emphasize quality of protein-calorie

Decrease total
fat calories to
<30% of total
calories

Decrease total
cholesterol
intake
<300 mg/day

protein when quantity
limited to potentially retard
progression

Decrease total fat calories
consumed from all dietary
sources

Reduce intake of dietary
cholesterol (i.e., egg yolks
and animal fats); substitute
whole milk dairy products
with skim and low fat
alternatives; replace egg
yolks with egg substitute
products

malnutrition

Normalize serum
lipids

Normalize serum
cholesterol
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Decrease Decrease intake or avoid Decrease LDL
saturated fat saturated fats (i.e., animal
calories <7% fats, butter, full fat dairy
of total products, mayonnaise,
calories avocado and tropical oils
such as palm and coconut)
Change type of  Promote intake of Decrease LDL
fats used non-hydrogenated vegetable
in food oils (peanut, canola and
preparation olive) or nut oils (walnut
and flaxseed)
Increase use of Promote use of olive oil, Increase HDL
monounsatu- sunflower oil and canola oil
rated fats
within total
fat intake
amount
Increase use of  Increase consumption of Increase HDL
omega-3 fatty green leafy vegetables,
acids within flaxseed, nuts (almonds,
total fat walnuts), and use of fatty
intake amount fish 1-2 servings/week
Avoid use of Avoid commercially fried Decrease LDL
trans- foods, hydrogenated fats, Increase HDL
unsaturated partially hydrogenated
fatty acids vegetable oils and

margarines and processed
foods containing these fats

CKD, chronic kidney disease; HDL, high density lipoprotein; LDL, low density
lipoprotein.

the integration of diet modifications can be beneficial to both the
individual as well as other individuals living within that household,
potentially maximizing the benefit and compliance to everyone.

5.2.1. DETERMINATION OF BoDY WEIGHT AND TOTAL DAILY
CALORIES

General guidelines suggest reducing total fat calories but also
assume individuals will not consume more calories per day than they
need to attain or sustain a healthy weight. The estimation of the
amount of daily dietary fat to be consumed should be based on a
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reasonable body weight. Obesity will be promoted or sustained using
the current body weight if presently at obese or overweight levels. Body
mass index of 25-29.9 kg/m? is considered overweight by government
guidelines. The consumption of “empty” calories will contribute to
overall non-lean body mass. The definition of “healthy” weight in
many patients within the context of chronic disease has challenges of
its own, and the use of formulas contained in KDOQI guidelines has
been shown to be used inconsistently in practice (18,19).

Recent literature from the chronic dialysis population (CKD stage 5)
has shown a trend toward greater survival at higher body weight
levels compared to normal and underweight levels. Although the exact
mechanism is not fully understood, this “J-curve” observation may be
related to the cushion of additional body fat stores available for energy
during concurrent hospitalization or stress periods. It is important to
maintain a reasonable body weight during CKD stages 1-4 and avoid
malnutrition when progressing to CKD stage 5. The exact benefit or
need for a “cushion” of fat stores and muscle mass, however, has yet
to be determined (20).

5.2.2. AMOUNT AND TYPE OF DIETARY FAT

A typical 2000 calorie per day diet should contain <30% total fat.
This is calculated as 600 calories (30% of 2000 calories and 600
calories/9 calories per gram of fat) which equals approximately 66 g
or less of total fat per day. No more than 7% of total calories (140
calories or 16 g of fat) should come from saturated fat (74).

Saturated fat has more hydrogen bonds than polyunsaturated and
monounsaturated fat. Typically, saturated fat remains solid at room
temperature (such as animal fat from meat, lard, and butter) whereas
unsaturated fat is softer or liquid at room temperature (such as
vegetables oils, or tub compared to stick margarine). These hydrogen
bonds are more difficult to break down and metabolize thus circulating
as larger fat particles in the serum. The composition of the diet should
be changed to encourage the intake of predominantly polyunsaturated
and monounsaturated sources within the total daily fat intake.

Trans-fatty acids have been altered during processing to change
the natural “cis” configuration (the most unsaturated version) to the
“trans” configuration (primarily to increase shelf life). Trans-fatty acids
function as saturated fatty acids during metabolism and have been
implicated in reducing HDL and increasing LDL cholesterol (8). They
are found predominantly in processed foods (cookies, crackers, and
baked goods). Many fast food restaurants use frying oils that contain
a high content of trans-fatty acids.



Chapter 7 / Dyslipidemias 185

Nutrition labels allow for rounding of fat grams on a label to 0.5 g or
zero if that food contains less than 5 g of fat per portion and rounding
to the nearest 1g if containing more than 5g of fat per portion. If
a consumer uses the nutrition label as the general guide to counting
fat grams per day, the accuracy of their estimate can be propor-
tionate to the number of food items they consume each day. Nutrition
labels in the United States must now also contain trans-fatty acid
composition.

5.2.3. OTHER BENEFICIAL DIETARY MODIFICATIONS

Other factors that may help reduce hyperlipidemia include fiber
and use of plant sterols. The level of dietary fiber has decreased with
the increased consumption of refined foods. The Westernized diet
promotes the use of animal protein compared to plant sources.

Increasing the consumption of dietary fiber to levels of 20-30 g/day
has been linked to lower LDL levels. Soluble fiber binds to bile acids
which may decrease the absorption of cholesterol. Both soluble and
insoluble fiber may also decrease gastrointestinal transit time which
may improve insulin sensitivity by slowing carbohydrate absorption.
Insoluble fiber is found primarily in wheat products but has shown
less LDL effect than soluble. Soluble fiber is found in a wide
variety of foods including barley, bran, raw or partially cooked fruits
and vegetables, nuts and seeds, oats and oatmeal. A wide variety
of over-the-counter psyillum capsules and soft fiber equivalents are
available as alternatives or supplements to dietary modification. Fiber
intake should be increased gradually over time in conjunction with
liberal fluid intake to decrease gastrointestinal symptoms until gut
adapts to higher load (4,10,14,15). Dietary fluid and potassium restric-
tions may require adaptations when progression to CKD stage 5 is
eminent.

Plant sterols and their stanol esters are naturally present in small
quantities in plant sources. Most research has been done in soybean
derivatives where they have been chemically concentrated to produce
commercial products marketed as butter or margarine substitutes. Plant
sterol esters in this new format which exceed what can be consumed
by diet alone have been shown to potentially lower LDL in the general
population. Clinical trials have included more than 1800 people with
doses of up to 25 g/day. No clinical studies have been done in CKD
patients but they are rated as a safe food-grade additive. A daily intake
of approximately two tablespoons consumed as part of two separate
meals per day (total 2-3 g/day) is the recommended dose with no
evidence that higher levels produce a greater effect (21).
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6. PHARMACOLOGICAL

There are several classes of drugs used for reducing serum lipids.
Each drug has a unique mechanism by which it changes lipid
metabolism or absorption. Most use the gastrointestinal tract as an
exchange or as a means to excrete excess lipid through the feces.

Regular bowel habits will promote the efficacy of many of these
drugs. The gastrointestinal tract can increase absorption of specific
dietary components such as potassium in CKD as a compensatory
mechanism to decreased absorption-reabsorption by the kidneys. Consti-
pation may be a problem due to lower fluid intake and binding features
of concurrent drugs such as phosphate binders in later stages of CKD.

The type of pharmacological intervention used is not as important
as the attainment of the overall goal of lipid reduction. A variety
of options may be necessary to achieve compliance within financial
and administration issues while avoiding side-effects and potential
complications. Dietary and pharmacological intervention should be
used together to maximize lipid reduction effect as their mechanisms
of action are complementary, not competitive (4,10,11).

7. SUMMARY

The achievement and reduction of dyslipidemia to optimal levels
in CKD stages 1-4 is a multifactorial approach. Practitioners need
to use comprehensive assessment techniques to evaluate the status of
the individual. Intervention strategies that include physical activity,
dietary changes, and pharmacological options need to be contin-
ually monitored to achieve goals. The use of a registered dietitian
is necessary to provide the support and continuous monitoring of
daily food intake to modify existing habits and promote new patterns.
The individual should attain a healthy body weight while maintaining
optimal nutrition status in preparation for progression to stage 5 CKD.
A strong integrated health team approach is necessary to diagnose,
evaluate, and treat dyslipidemia throughout the CKD stages. KDOQI
guidelines provide a template upon which to plan and coordinate
quality care.
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8 Nutrition and Pharmacologic
Approaches

Kathy Schiro Harvey

LEARNING OBJECTIVES

1.

Describe nutrition risks associated with chronic kidney disease,
including protein energy malnutrition, renal osteodystrophy, cardio-
vascular complications, and anemia.

. Identify appropriate interventions to prevent and/or treat nutrition risks

associated with chronic kidney disease, including estimating protein,
calorie, sodium, and phosphorus needs.

. Discuss how to treat chronic kidney disease complications such

as cardiovascular disease, hypertension, hyperlipidemia, anemia, and
diabetes.

. Describe nutrition strategies that may be appropriate for treating IgA

nephropathy.

. Describe how self-management techniques can be used to enhance

nutrition knowledge and promote behavior changes in people with
chronic kidney disease.

Summary

Chronic kidney disease (CKD) is a worldwide public health problem and a
progressive, debilitating condition. People with CKD are at high risk of malnu-
trition, and the first priority of nutrition therapy must focus on the prevention
and/or treatment of protein energy malnutrition. Additional nutrition therapy
goals include slowing the progression of CKD and its uremic complications and
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preventing renal osteodystrophy, cardiovascular disease, and diabetic compli-
cations. Nutrition and pharmaceutical therapies which address these issues
are complex, but with appropriate intervention patients can maintain nutrition
health, slow the progression to stage 5 CKD, stabilize cardiac status, and
reduce diabetic complications. Successful nutrition therapy includes the active
involvement of a qualified renal dietitian.

Key Words: Chronic kidney disease stages 1-4; protein restriction; malnu-
trition; energy needs; hyperphosphatemia.

1. INTRODUCTION

Chronic kidney disease (CKD) is a worldwide public health problem
and a progressive, debilitating condition. In 2002, the National
Kidney Foundation (NKF) Kidney Disease Outcomes Quality Initiative
(KDOQI) published Clinical Practice Guidelines for Chronic Kidney
Disease: Evaluation, Classification, and Stratification (/) (Tables 1
and 2). Using the KDOQI definition, the NKF estimates that 20 million
Americans have CKD (2). The prevalence of stage 5 CKD in the

Table 1
Chronic Kidney Diseases: A Clinical Action Plan
GFR (ml/
Stage Description min/1.73 m?) Action®
1 Kidney damage >90 Diagnosis and treatment,
with normal of 1 Treatment of comorbid
GFR conditions, stowing
progression, CVD risk
reduction
2 Kidney damage 60—89 Estimating progression
with mild | GFR
3 Moderate | GFR 30—-59 Evaluating and treating
complications
4 Severe | GFR 15-29 Preparation for kidney
replacement therapy
5 Kidney failure <15 (or Replacement (if uremia
dialysis) present)

CVD, cardiovascular disease, GFR, glomerular filtration rate. Chronic kidney
disease is defined as either kidney damage or GFR <60 ml/min/1.73 m? for >3
months. Kidney damage is defined as pathologic abnormalities or markers of damage,
including abnormalities in blood or urine tests or imaging studies.

“Includes actions from preceding stages.

Reprinted with permission of the National Kidney Foundation (7).
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Table 2
Abbreviated MDRD and Cockroft-Gault Equations
for Estimating GFR (1)

Estimated GFR ml/min/1.73 m? =
1. Abbreviated MDRD equation:
Exp(5.228-1.154 x In(Scr) — 0.203 x In(Age) — (0.299 if female)
=+ (0.192 if African American)
2. Cockcroft-Gault Equation:

(140~ Age) x Weight . (0.85 if female)

United States, defined as those receiving dialysis or kidney trans-
plantation, is it much less than 472,000 (3). Decreased glomerular
filtration rate (GFR) is associated with complications in virtually all
organ systems. In general, the severity of complications worsens as
the level of GFR declines. Among the most serious complications are
high blood pressure, cardiovascular disease (CVD), hyperlipidemia,
anemia, malnutrition, and bone disease. The incidence and effect of
these complications or comorbid conditions may explain the lower
occurrence of stage 5 CKD compared to stages 1-4; many people with
CKD die before they reach stage 5 (4-6).

This chapter will discuss the nutrition-related risk factors that are
associated with the progression and outcomes of CKD. It is not
surprising that nutrition plays a significant role in CKD considering
that most chronic diseases in America today are correlated with diet
and lifestyle behaviors. CVD, hypertension, obesity, and diabetes are
all common to CKD and are related to a sedentary lifestyle, a high
fat and a high sodium diet, which are common in Western societies.
This chapter will suggest interventions that can improve or stabilize
overall health and nutrition status and possibly prevent the progression
of CKD to stage 5.

2. MALNUTRITION IN CKD

According to the KDOQI Clinical Practice Guidelines for CKD,
protein energy malnutrition develops during the course of the
disease (/). As kidney function decreases, there is a spontaneous
drop in protein and energy intake. Kopple (7) evaluated clinically
stable patients with moderate to advanced CKD and found that
the nutrition parameters—protein intake, serum albumin, cholesterol,
transferrin, body weight, body fat and muscle, and body mass index
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(BMI)—declined with GFR. Energy and protein intakes were strongly
associated with many of the nutrition parameters. Ikizler assessed
nutrition status and protein intake in patients with CKD and found that
as kidney function declined, protein intake decreased as did nutrition
markers of serum transferrin and cholesterol (8). Other researchers
have evaluated the incidence of malnutrition and potential factors
associated with it. There seems to be agreement that inadequate intake
is a significant cause, related to anorexia caused by an accumulation
of uremic toxins, metabolic and hormonal derangements, depression,
and gastrointestinal abnormalities (/,8). Additional factors related to
malnutrition include acidosis and inflammation.

Metabolic acidosis is common in CKD and is associated with
increased protein catabolism. The degradation of essential branched
chain amino acids and muscle protein is stimulated during metabolic
acidosis, resulting in muscle catabolism and suppression of albumin
synthesis (9). Evidence strongly suggests a chronic inflammatory
state in CKD, especially as GFR drops below 60 ml/min/1.73 m?.
Inflammation is associated with anorexia, increased skeletal muscle
protein breakdown, increased whole body protein catabolism, cytokine-
mediated hypermetabolism, and disruption of growth hormone and
IFG-1 axis leading to decreased anabolism (/,10).

2.1. Protein Needs

Considering the strong risk of malnutrition in CKD, calculating
appropriate energy and protein needs is critical. Protein-restricted diets
for CKD have been used for over 30 years, mainly to alleviate uremic
symptoms, but also to blunt the glomerular hyperfiltration in residual
nephrons of diseased kidneys, and thus slow the progression to renal
failure. Studies in humans indicate that an intake of animal protein can
induce an increase in GFR. The mechanisms for this effect on renal
dynamics are not completely understood, but two major theories have
been proposed. One theory is that a high protein diet can increase the
release of hormones such as glucagon, insulin-like growth factor-1 and
kinins, which all stimulate an increased GFR. Additionally, intrarenal
mechanisms may play a role in protein-induced hyperfiltration. The
increased filtered load of amino acids can enhance proximal sodium
reabsorption, ultimately leading to an elevation in GFR (/7).

Studies in humans have shown positive effects of reduced protein
intake on kidney function in people with CKD. Smaller studies seem
to have the most positive results, suggesting that a low protein diet
may protect against CKD progression in at least some conditions,
such as diabetic nephropathy and chronic glomerular disease. Ihle
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and Walser (/2—14) followed patients on very low protein diets and
found a reduction in GFR decline and progression to stage 5 CKD.
Larger controlled trials have shown less impact of restricted protein
intake, including the largest trial to date, the Modification of Diet in
Renal Disease Study (75,16). This study followed over 800 patients
with CKD for 2-3 years. Initial results showed only a modest effect
of a low protein intake (~0.6 g/lkg) on rate of progression of CKD,
but after secondary analysis of the data, the study group concluded
that the balance of evidence is more consistent with a beneficial
effect of protein restriction. In two meta-analyses, Fouque et al.
(17,18) evaluated 43 randomized controlled trials and concluded that
reducing protein intake in patients with CKD reduces the occurrence
of renal death by about 40% compared with higher or unrestricted
protein intakes.

Discrepancies between researchers and study findings can be
explained by many factors.

e Methods of assessing kidney function varied and included creatinine
clearance by urinary creatinine, serum creatinine, GFR by estimation
equations, and GFR by iothalamate. Measurement of kidney function
and rate of decline will vary depending on the assessment tool used.

e Blood pressure at baseline and during the study period will affect
outcome, in the same manner as the type of treatment used to control
blood pressure. Studies included patients with different blood pressure
ranges and treatments.

e The underlying disease may also impact the rate of decline of kidney
function. Some studies included people with diabetes treated either
with or without exogenous insulin, polycystic disease, glomerular
nephropathies, and so on. Protein intake may affect kidney function
differently depending on the primary disease.

e The level of kidney function at the start of the intervention may have
affected outcomes. Protein restriction studies included patients with
mild-to-severe CKD, and it is possible that protein restriction may have
a greater impact at different stages of CKD.

e QOutcome measurements varied from study to study: change in creatinine
clearance vs. rate of decline of GFR vs. stage 5 CKD vs. death. Clinical
interpretation will be affected by the measurement tools.

Studies have been done to evaluate the effects of different protein
sources on kidney function in CKD. There is some evidence that
plant proteins have less effect on GFR in humans compared to animal
proteins. Elliott et al. evaluated epidemiological data as part of the
International Collaborative Study of Macronutrients and Micronu-
trients and Blood Pressure (INTERMAP) Study and found that subjects
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who consumed a diet higher in vegetable protein had lower systolic
and diastolic blood pressure compared to those who ate high animal
protein diets (/9). In studies with CKD patients following vegetable
protein diets, results are inconsistent. Soroka et al., Anderson et al.,
and Wheeler et al. (20-22) found no difference in renal function
in subjects following animal-based low protein diets vs. plant-based
low protein diets. In most cases, both diets resulted in slowing the
deterioration of renal function and decreasing proteinuria. However,
Stephenson et al. and Teixeira et al. (23,24) studied soy protein diets
in patients with diabetes and concluded that substitution of soy for
animal protein resulted in decreased albumin excretion and improved
GFR and lipid profiles. In all studies, subjects maintained adequate
nutrition status and improved clinical profiles compared to the usual
uncontrolled diets. Plant-based low protein diets appear to provide the
same or more benefits as animal-based low protein diets for those with
CKD and offer an alternative to those who prefer a vegetarian diet.

Because of the risk of muscle wasting and malnutrition in CKD,
and the possibility that it can be exacerbated by a low protein intake,
Castaneda et al. (25) evaluated mechanisms for preventing catabolism
and muscle wasting in a group of older adults with stage 4 CKD. Subjects
on low protein diets who practiced resistance training had stable body
weights, improved muscle strength, and decreased muscle catabolism
compared to those who did not participate in resistance training.

Given that a reduced protein intake is most likely a positive
intervention in CKD, the question remains, what level of restriction
is optimal and at what stage of CKD should restriction begin?
The Recommended Dietary Allowances of the Food and Nutrition
Board for protein is 0.8 g/kg/day. This level is believed to provide
adequate protein for most healthy adult men and women, although
it is well below the average protein intake in the United States
of 90-100 gm/day (16). KDOQI Guidelines have evolved over the
past several years with regard to protein recommendations, from
0.6 g/kg/day to 1.4 gm/kg/day depending on the stage of CKD
(1,26,27). General recommendations for stages 1-2 CKD suggest a
protein intake of 0.8—1.4 gm/kg/day and 0.6—0.8 gm/kg/day for stages
3—4 CKD. For stage 5 (kidney failure), 0.6 gm/kg/day would be
acceptable to treat or ameliorate uremic symptoms, prior to initiating
dialysis or transplant. The KDOQI Guidelines for Nutrition in Chronic
Renal Failure and those of the American Dietetic Association (ADA)
state that at least 50% of the protein must be of high biological value
(Table 3) (25,26,28) (refer to Chapter 25 for additional information
concerning high biological value proteins).
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Table 3
Low Protein Meal Plan

Morning

1 cup rice krispies with %2 cup non-dairy creamer and 1 tsp sugar
4 grapefruit

Coffee with cream

Noon

Grilled cheese sandwich with

1%2 ounce cheese and 2-3 Tbs margarine
1 cup carrot and cucumber slices with
4 Tbs ranch dressing

1 apple with caramel dip

Fruit drink

Evening

Chicken stirfry with 3 oz chicken and
1 cup sliced vegetables

1%2 cup rice with margarine

1 cup grapes

Iced tea

Approximately 2300 calories, 52 gm protein, 1700 mg sodium, 1700 mg potassium,
870 mg phosphorus.

In patients with nephrotic syndrome or proteinuria, a low protein
diet can result in decreased protein excretion. Several researchers
followed nephrotic subjects at various stages of CKD and found
that low protein diets result in decreased proteinuria, while nutrition
markers increased or remained stable (29—32). These findings suggest
that protein restriction can be safely used in patients with nephrotic
syndrome who maintain an adequate energy intake, and whose urinary
protein losses are replaced.

2.2. Energy Needs

When protein intake is restricted, it is imperative that energy intake
remain adequate to spare protein for essential anabolic functions
and to maintain nitrogen balance. Various studies have evaluated
energy needs in patients with CKD to determine if they are equal
to, greater than, or less than those of healthy people. Most controlled
studies involve small groups of patients. The overall conclusions
are that energy expenditure in CKD is close to that of healthy
controls (30-35kcal/kg body weight); however, energy expenditure
may increase with progressive chronic kidney failure (33-35). Unfor-
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tunately, numerous studies have shown that people with CKD consis-
tently eat less than recommended. Passey et al., Chauveau et al. and
Guarniera et al. followed patients with CKD on low protein diets which
included specific instructions to consume >30kcal/kg/day. Although
protein intake was maintained, energy intake declined over the study
periods to below recommended levels, as did indicators of lean tissue
mass (36-38). Byham-Gray (39) conducted an evidence-based review
of energy needs in patients with CKD, concluding that definitive
evidence is lacking and that practitioners must implement a reasonable
approach which follows practice guidelines, as well as being mindful
of patient values and preferences.

The KDOQI Guidelines recommend an energy intake of
30-35 kcal/kg/day based on the stage of CKD, the individual’s age,
and overall nutrition health (/,26). The ADA also recommends
30-35 kcal/kg/day or Basal Energy Expenditure considering activity
and stress factors, protein intake, and weight goals (28). Although
it is possible that some people with CKD can maintain nitrogen
balance and nutrition health with <30 kcal/kg/day, the risk of malnu-
trition is high and there is a strong tendency to eat less than recom-
mended. A calorie recommendation of at least 30-35kcal’/kg may
be prudent, with close monitoring to see that nutrition status is
adequate.

2.3. Vitamin Supplements

Due to the restricted protein recommendation in stages 3 and 4,
and because it is common for people with CKD to eat less calories
than prescribed, supplemental water-soluble vitamins at approximately
the level of the Dietary Reference Intakes is advised (28). Folate,
pyridoxine (B6), and cobalamin (B12) needs may be higher to help
prevent hyperhomocysteinemia. Biotin needs may also be higher due
to decreased biotin consumption with the low protein diet. Regarding
fat-soluble vitamins, research indicates that routine supplementation is
not advised. Serum levels of vitamin A increase as kidney function
declines, including elevations in liver and plasma. Studies of vitamin
E have been inconclusive, showing serum levels in CKD being
lower, normal, and higher than standard. Vitamin E supplements
are occasionally recommended by physicians for their antioxidant
properties. Adequate vitamin K levels are essential for maintaining
bone health, but there is little research on supplementing in the CKD
population. Vitamin D status must be monitored regularly in CKD and
supplemented as indicated (40) (Table 4).



Chapter 8 / Nutrition and Pharmacologic Approaches 199

Table 4
Vitamin Supplementation Recommendations in Chronic Kidney Disease

(CKD) Stages 1-4

US DRI (adults CKD Stages
Vitamin > 18 years) 1-4
Vitamin C 75-90 mg/day 60-100 mg/day
Thiamin (B1) 1.1-1.2 mg/day 1.5 mg/day
Riboflavin (B2) 1.1-1.3 mg/day 1.8 mg/day
Niacin 14-16 mg/day 14-20 mg/day
Folate 0.4 mg/day >1.0 mg/day
Pyridoxine (B6) 1.3-1.7 mg/day >5 mg/day
Cobalamin (B12) 2.4 microgram/day >2-3 microgram/day
Biotin 30 microgram/day 30-100 microgram/day
Pantothenic acid 5 mg/day 5 mg/day

Dietary Reference Intake (DRI) levels represent Recommended Dietary Allowances
(RDA) and Adequate Intakes (AI) (40).

3. CALCIUM, PHOSPHORUS AND VITAMIN D

CKD is associated with a variety of bone disorders and abnor-
malities in calcium, phosphorus, vitamin D, and parathyroid hormone
(PTH) metabolism, which begin to occur in the early stages of CKD.
Although it is unclear which factor begins the damaging cycle, it is
most likely that combinations of derangements at sites throughout the
body are occurring simultaneously. Reduction in kidney function even
at stages 2 and 3 will result in phosphate retention (4/). However,
hyperphosphatemia at this stage is rarely present, and patients are more
likely to present with normal or low serum phosphorus levels. It has
been postulated that a transient and possibly undetectable increase in
serum phosphorus due to decreased kidney function leads to a decrease
in blood levels of calcium, which then stimulates the parathyroid
glands to release more PTH. The elevation in blood levels of PTH
would decrease the tubular reabsorption of phosphate and increase
urine phosphates. The overall goal of this mechanism is to maintain
serum phosphorus and calcium levels at normal, but at the expense
of elevated blood levels of PTH. Serum PTH levels will slowly rise
and reach above normal range as GFR falls below 60 ml/min/1.73 m?
(42,43). Restriction of dietary phosphorus in conjunction with a low
protein diet has been shown to have a direct effect on lowering



200 Part II / Chronic Kidney Disease During Stages 1-4 in Adults

serum PTH (41,44,45). 1t appears that the calcimetic response to PTH
becomes blunted during the course of CKD, as skeletal resistance to
the calcium-mobilizing action of PTH takes place. There appears to
be down-regulation of PTH receptors throughout the body resulting
in less mobilization of calcium, which helps prevent hypercalcemia
(42,43,46,47).

Studies have shown that the skeletal resistance to PTH is also
due to a deficiency of dihydroxycholecalciferol [1,25(OH)2D3] or
vitamin D (42,47,48). Despite the presence of adequate functioning
kidney mass in early CKD (stage 2), the production of 1,25(OH)2D3
does not increase adequately to meet the needs of the target organs.
Absolute deficiency of and/or resistance to vitamin D develops. The
number of vitamin D receptors decreases as the loss of kidney function
progresses, resulting in resistance to vitamin D action. By stage 4
CKD, blood levels of 1,25(OH)2D3 are definitely low. Restriction of
dietary phosphorus has been associated with a significant increase in
blood levels of 1,25(0OH)2D3, and treatment with vitamin D has been
shown to prevent bone loss in patients at stages 3 and 4 (42,47).

Because naturally occurring phosphorus is found in high protein
foods, a restricted protein diet, as is recommended in CKD, tends to be
lower in phosphorus than a typical American diet (Table 3). However,
the phosphorus content of convenience, processed and fast foods must
also be considered in planning for a low phosphorus intake. Because
nutrition labels do not usually contain information on the phosphorus
content of foods and processed foods change often, frequent consul-
tation with food manufacturers is needed to obtain accurate nutrient
amounts (see Chapter 25).

In addition to a phosphorus restriction, use of phosphate binders
such as calcium acetate or calcium carbonate is usually required
as kidney function declines. Phosphate-binding compounds render
dietary phosphate and phosphate contained in swallowed saliva and
intestinal secretions unabsorbable. When taken with meals and snacks,
these compounds bind phosphate in the intestine before it can be
absorbed (Table 5). They are most effective when dietary intake of
phosphate is below 1000 mg/day. As intake increases, binder effec-
tiveness is reduced and hyperphosphatemia may persist. Additionally
binder compliance is often poor, as patients complain of the incon-
venience and distaste in taking potentially large doses of pills every
time they eat. Noncompliance can also be related to gastrointestinal
side effects of nausea, stomach or intestinal discomfort, diarrhea and
constipation.
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Table 5
Phosphate Binder Equivalents

Calcium based binders Non-calcium based binders

1 Phoslo (167 mg calcium) 1 Renagel 800 mg
2 Tums (400 mg calcium) 2 Renagel 400 mg
1¥2 Tums EX (450 mg calcium) 1 Fosrenol 250 mg
1 Tums Ultra (400 mg calcium)

2 CaCO3 500 mg (400 mg calcium)

Binding doses are approximately equal in phosphate binding capacity. (Note:
Renagel and Fosrenol have not been approved for CKD Stages 1-4).

Bone, PTH, and Vitamin D abnormalities such as high turnover
bone disease, bone resorption, osteomalacia, adynamic bone disease,
overt fractures, microfractures and bone pain are widespread in CKD
(42). The high mortality seen in CKD may be more directly related
to soft tissue calcification resulting from hyperphosphatemia, high
calcium-phosphorus product, high PTH, or high calcium load. Vascular
calcification has been implicated in the high rate of atherosclerosis and
cardiac dysfunction seen in the CKD population (47,49). As patients
with CKD progress toward stages 4 and 5, abnormalities with hyper-
phosphatemia, hypocalcemia, PTH secretion, and low 1,25(OH)2D3
worsen, impacting greater bone loss, cardiovascular events, and the
high prevalence of death, which occurs prior to stage 5 CKD. The
pathogenesis and progression of abnormal bone metabolism in CKD is
complex, involving a combination of minerals and hormones which act
on multiple organ systems throughout the body. More may be learned
by referring to Chapter 14.

The KDOQI Clinical Practice Guidelines for Bone Metabolism
and Disease in CKD recommend basic starting points for identifi-
cation and treatment of renal bone abnormalities based on evidence
and expert opinion (see Chapter 25) (42). However, due to a lack of
strong evidence for many of the guideline topics, controversy continues
about the best clinical practices for preventing and treating CKD bone
metabolism disorders. For example, which vitamin D is best to use at
which level of kidney disease; ergocalciferol, calcitriol, alfacalcidol,
or doxercalciferol? Maximum level of calcium consumption is also
controversial with practitioners recommending intakes from 1500 to
2500 mg/day. Since most scientific research in this field is funded
by pharmaceutical companies with a large financial interest in study
conclusions, it is a challenge for clinicians to accurately determine
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which drug treatment is most effective. Treatment guidelines must be
considered with an open mind, accepting that a variety of recommenda-
tions may be appropriate given that patients are monitored closely and
treatment plans are adjusted as outcomes warrant. A low protein meal
plan as recommended for CKD Stages 3 and 4 is also low phosphorus
(Table 3).

4. ANEMIA

Anemia develops during the course of CKD and the incidence
of anemia increases as GFR declines, primarily due to insufficient
production of erythropoietin (EPO) by the diseased kidneys (7).
Additional causes may be blood loss from repeated laboratory
testing, gastrointestinal bleeding, severe hyperparathyroidism, acute
and chronic inflammation, or deficiency of iron, folate, or vitamin
B12. It is recommended that all patients with GFR <60 ml/min/1.73 m?
be evaluated for anemia. If hemoglobin (Hgb) falls below 12.5 g/dL
in males or 11.0g/dL in females, an anemia workup is warranted.
This workup should include assessment of red blood cells, reticu-
locyte count, serum iron, total iron binding capacity, percent transferrin
saturation (TSAT), serum ferritin, and test for occult blood in stool (7).

Anemia in CKD is generally normocytic and normochromic. Micro-
cytosis may reflect iron deficiency; macrocytosis may indicate B12
or folate deficiency. Elevated reticulocyte count may suggest active
hemolysis, such as hemolytic uremic syndrome. An abnormal white
blood cell count and/or platelet count may reflect a more generalized
bone marrow dysfunction such as malignancy or vasculitis. Low levels
of serum iron, percent TSAT, or ferritin may indicate iron deficiency.
If iron deficiency is present, a stool occult blood test is recommended
to test for gastrointestinal bleeding. If a reversible cause of anemia is
not present or has been corrected, then EPO deficiency is the most
likely primary cause of anemia (Fig. 1).

4.1. Iron Deficiency

Iron deficiency is indicated if TSAT is <20% and/or serum ferritin
level is <100ng/mL (49). Due to the quantity of iron required,
increasing iron intake from foods will not adequately replenish iron
stores. Oral iron supplementation is needed, at least 200 mg elemental
iron in two to three divided doses in the form of ionic iron salts such as
iron sulfate, fumarate, or gluconate. These are less costly and provide
known amounts of elemental iron. Oral iron is best absorbed when
taken without food or other medications and supplemental ascorbic acid
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Yes

y

No Anemia <12.5 (males)
work-up <11.0 (females)

Yes

y

Anemia work-up: CBC, retics,
Fe, TIBC, TSAT, ferritin, GI Bleed

Refer for
hematology
work-up

r

Yes
y
| Tr;a"t];vié'::e%m \ l Treat with iron
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Anemia not Anemia corrected:
corrected Periodic follow-up
Fig. 1. Anemia work-up for chronic kidney disease stages 1—4. Retics, reticulocyte
count; CBC, complete blood count; EPO, erythropoietin; Fe, serum iron; GFR,

glomerular filtration rate; GI, gastrointestinal; TIBC, total iron binding capacity;
TSAT, transferrin saturation. Adapted from the National Kidney Foundation (7).

does not seem to improve iron absorption. Intestinal iron absorption is
inversely related to iron stores and increases as erythropoiesis improves
with EPO therapy. If iron status does not improve after 1-3 months
of oral iron, IV iron therapy may be needed. Iron dextran or sodium
ferric gluconate (500-1000 mg) may be administered and repeated as
needed to obtain and maintain adequate iron stores. While receiving
iron therapy, iron status should be checked every 1-3 months (50).

4.2. EPO Therapy

Once adequate iron status is verified (TSAT >20%, serum ferritin
>100 ng/mL) and other causes of anemia have been ruled out and/or
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corrected, EPO therapy may begin in doses of 80—120 units/kg/week.
The goal is to induce a slow, steady increase in Hgb and to achieve
a target level (11-12gm/dL) within a 2- to 4-month period. If the
increase in Hgb is <0.5-0.6 gm/dL over 2—4 weeks, the dose of EPO
may be increased by 50%. If Hgb increases to >3 gm/dL/month, the
dose of EPO may be decreased by 25%. If the target Hgb is surpassed,
the EPO dose can be reduced by 25% or maintained at the same dose,
but administered at a reduced frequency (50).

The most common cause of an inadequate response to EPO therapy
for the treatment of anemia is iron deficiency. If iron-replete patients
are not achieving their Hgb goal, they should be evaluated for condi-
tions such as infection or inflammation, chronic blood loss, osteitis
fibrosa, aluminum toxicity, hemoglobinopathies, folate, or vitamin
B12 deficiency, multiple myeloma, or hemolysis. Additionally, severe
malnutrition can result in the unavailability of needed substrate for
protein syntheseis in hematopoietic cells (50). It is unclear whether the
presence of anemia in CKD directly worsens prognosis or progression
to stage 5 CKD. However, evidence shows that low Hgb levels in CKD
are associated with higher rates of hospitalizations, CVD, cognitive
impairment, and mortality (/).

5. CARDIOVASCULAR RISKS

People with CKD are at increased risk for CVD, including coronary
heart disease, cerebrovascular disease, peripheral vascular disease, and
heart failure. CVD is the leading cause of death regardless of the stage
of CKD, accounting for 40-50% of all deaths. In persons diagnosed
with diabetes and kidney disease, CVD is related to the level of
albuminuria, with many studies showing increased CVD mortality in
people with diabetes, at all levels of albuminuria and proteinuria (/).

The Framingham Heart Study showed that the prevalence of CVD,
left ventricular hypertrophy (LVH) and cardiac dysfunctions was
higher in those with elevated serum creatinine levels compared to
those with normal levels of serum creatinine (5/). In a Canadian study,
patients with renal insufficiency were more likely to die after a cardiac
event compared to those with normal kidney function (52). Brugts
et al. (53) followed healthy elderly subjects and found that kidney
function was an independent predictor of myocardial infarction. De
Nicola et al. (54) evaluated the treatment of CVD risk factors in
patients with CKD and found it to be largely inadequate or omitted,
and those with diabetes and more advanced CKD received the worse
treatment.



Chapter 8 / Nutrition and Pharmacologic Approaches 205

Most persons diagnosed with CKD do not develop kidney failure,
dying before stage 5, and the cause of death is likely CVD. Risk
factors for CVD are more prevalent in the CKD population, including
the traditional risk factors of older age, hypertension, lipid disorders,
diabetes, and physical inactivity, and non-traditional risk factors such
as anemia and inflammation. Shlipak et al. (55) evaluated risk factors
associated with CV deaths in elderly Americans and found that in those
with CKD the traditional risks of diabetes, hypertension, smoking, low
physical activity, LVH, and moderate alcohol use were associated with
elevated risk of CV death. It appears that traditional risk factors may
be the optimal targets for CVD risk reduction in elderly patients with
CKD. The following sections explore the interventions to prevent and
treat the progression of CVD in patients with CKD.

5.1. Hypertension

Hypertension is both a cause and complication of CKD, with
50-75% of patients with CKD having blood pressure >140/90 mmHg.
It is generally recommended that people with kidney disease should
maintain blood pressure levels less than those suggested for the
general population. The NKF KDOQI Workgroup on Hypertension
and Antihypertensive Agents in Chronic Kidney Disease published
guidelines for identifying levels of risk and treatment options (Table 6).
These guidelines include coordination with the seventh report of the
Joint National Committee (JNC 7) for Prevention, Detection, Evalu-
ation and Treatment of High Blood Pressure (27). Refer to Chapter 5
for a more detailed discussion on hypertension and CKD.

For the earliest stages of hypertension (120-130 mmHg systolic/
80-89 mmHg diastolic) dietary and lifestyle modifications are the
first line of therapy. Studies have identified dietary patterns that are
effective in reducing hypertension and CVD. Low fat diets that include
nonhydrogenated and unsaturated fats as the predominant form of
dietary fat appear to provide some protection against heart disease.
Diets containing an abundance of whole grains, fruits, vegetables, and
omega-3 fatty acids also offer significant protection (27,56,57,58,59).
In 2000, the Dietary Approaches to Stop Hypertension (DASH) trial
showed that combining these interventions successfully reduced blood
pressure in adults (60) (refer to Chapter 5). In 2001, the DASH
Research Group showed that adding sodium restriction to the DASH
dietary plan further reduced blood pressure (6/). Compared to the
typical American diet, the DASH plan is lower in fat and sodium,
and higher in potassium, magnesium, calcium, fiber and antioxidants.
These results indicate that a whole foods approach which may include
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interactions between nutrients may be more effective in treating hyper-
tension than simply limiting or increasing one nutrient.

The DASH trials demonstrated the short-term efficacy and safety of
these diets, but did not include hypertensive adults with CKD. Sodium
handling by the kidney is altered in CKD and that sodium retention has
a major role in hypertension, primarily through expansion in extracel-
lular fluid volume. Therefore, it is generally recommended that sodium
intake be limited to less than 2.4 g/day in people with CKD. Sodium
restriction of less than 1.2 g/day may lower blood pressure further. In
those patients with “salt-wasting” nephropathy such as in some tubuloint-
erstitial diseases, dietary sodium should not be restricted, but may require
treatment with antihypertensive agents if hypertension develops (27).

While the DASH diet is effective in lowering blood pressure in the
general population, the macronutrient and mineral components may
not be appropriate for all stages of CKD. For stages 1 and 2 CKD, the
DASH diet may be safe and effective for treating hypertension and
preventing progression of CVD. However, for CKD stages 3 and 4, the
diet may contain higher protein and phosphorus intakes than recom-
mended (refer to Chapter 5). Additionally, patients with CKD are at
risk for hyperkalemia due to a reduced potassium excretion as kidney
function declines, and the potassium-sparing effects of angiotensin
converting enzyme inhibitors (ACEi) and angiotensin receptor blockers
(ARBs) or potassium-sparing diuretics, used for treating hypertension.
The DASH plan includes about 4500 mg/day of potassium which is
generally higher than recommended for people with CKD stage 3 or
4. Therefore, the DASH dietary plan should not be routinely recom-
mended for people with CKD stage 3 or 4. However, sodium limits to
less than 2.4 g/day would be appropriate. The low protein meal plan
in Table 3 meets the sodium limits of CKD stages 3 and 4.

Additional lifestyle changes may impact hypertension (refer to
Chapter 5). It is generally accepted that smoking cessation and moder-
ation of alcohol intake will improve heart health and help treat hyper-
tension; these recommendations are appropriate for people with CKD.
But the beneficial effects of weight loss and exercise on hypertension,
CVD, and progression of CKD are unknown. Weight loss to obtain
and maintain an appropriate body weight for height (BMI <25 kg/m?)
is most likely beneficial for CKD stages 1 and 2, as well as fitness
programs to improve muscle mass, flexibility, and strength. However,
considering the high risk of malnutrition as kidney function declines,
weight loss programs should be approached with caution in people
with CKD stages 3 and 4. Due to the high risk of protein energy
malnutrition in this population, maintaining an adequate calorie and
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protein intake is first priority. In obese subjects, controlled and gradual
weight loss might be appropriate if patients are monitored closely to
assure that they are able to consume an adequate protein intake, and
that they are not losing muscle mass. This becomes especially critical
as appetite and food intake declines spontaneously with decreasing
kidney function. Exercise programs which include resistance training
have been shown to help reduce catabolism and help maintain muscle
mass in people with stage 4 CKD (25).

5.1.1. DRUG THERAPIES FOR HYPERTENSION

In addition to dietary therapies, pharmacologic treatments for hyper-
tension will impact the progression of CKD. All antihypertensive
agents can be used to lower blood pressure in CKD, but multi-
drug regimens are usually required to reach blood pressure goals.
Drug therapies should be targeted to specific CKD causes and CVD
risk. Preferred agents may be indicated for patients with or without
hypertension, such as nondiabetic kidney diseases associated with
proteinuria. These are especially affected by treatment with angiotensin
converting enzyme inhibitors (ACEi) and ARBs, which will reduce
proteinuria and slow the progression of CKD. Concomitant use of
diuretics and/or nondihydropyridine calcium channel blockers may
increase the antiproteinuric effects of ACEi and ARBs. Dihydropy-
ridine calcium channel blockers seem to be less effective at slowing
kidney diseases with proteinuria. For patients with CVD, preferred
antihypertensive agents will depend on diagnosis, symptoms, and
comorbid conditions. Because fluid retention is one of the major
causes of hypertension in CKD, almost all patients will require diuretic
therapy in order to achieve blood pressure goal. Combinations of
diuretics, ACE inhibitors and ARBs, plus beta blockers, calcium
channel blockers, and aldosterone antagonists may be appropriate,
depending on cardiac and comorbid conditions. The NKF KDOQI
Guidelines on Hypertension and Antihypertensive Agents (Table 7) in
CKD provide an extensive review of appropriate pharmacologic agents
for specific conditions in CKD (27).

5.2. Dyslipidemia

Dyslipidemias (abnormal lipid levels, lipoprotein composition, or
both) are common in people with CKD. Considering the high incidence
of atherosclerotic cardiovascular disease (ACVD) in this population, it
has been recommended that all people with CKD should be evaluated
for lipid disorders (62) (refer to Chapter 7 for further details). Although
there have been no randomized controlled intervention trials which
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show that dyslipidemias cause ACVD in CKD, a large observational
study has shown that using statins to improve lipid profiles was
associated with lower all-cause mortality and reduction in CVD in
stage 5 CKD patients (63). In the general population, the relationship
between dyslipidemias and ACVD is significant in both men and
women, old and middle age, smokers and non-smokers, hypertensives
and normotensives, diabetics and nondiabetics, and in conditions of
both higher and lower low density lipoprotein (LDL), total choles-
terol (TC), high density lipoprotein (HDL) and TG. Considering the
evidence, there is reason to assume that dyslipidemias can contribute
to ACVD in patients with CKD also; therefore, it is prudent to evaluate
lipid profiles in people with CKD to detect abnormalities that can be
treated to reduce the incidence of ACVD.

It is unclear whether dyslipidemias cause or are the result of
decreased kidney function, or if conditions such as proteinuria cause
both reduced kidney function and dyslipidemias. A meta-analysis
concluded that the rate of decline in kidney function was significantly
less in those treated with cholesterol-lowering agents compared to
placebo (64). The prevalence of dyslipidemias in CKD can be influ-
enced by many factors, including changes in proteinuria, GFR, malnu-
trition, diet therapy, and treatments of CKD. The KDOQI Clinical
Practice Guidelines for Managing Dyslipidemias in CKD recommends
an evaluation of lipid profiles more frequently than in the general
population, at least annually and more often after therapies which
may affect lipids such as treatment with diet, lipid lowering agents,
or immunosuppressive agents (62). Treatments for dyslipidemias in
CKD are similar to those recommended by the National Choles-
terol Education Program (NCEP) Adult Treatment Panel III (ATP III)
Guidelines (Table 8) (62,65).

First step therapy involves therapeutic lifestyle changes (TLC)
including diet modifications, exercise, moderate alcohol intake and
smoking cessation (Table 9). There is ample evidence in the general
population that lipid-lowering diets can improve lipid profiles, but no
randomized trials have examined the safety and efficacy of a low-fat,
low cholesterol diet in CKD. Few studies have evaluated the effect of
exercise and weight loss on abnormal lipid profiles in CKD although
one small study by Goldberg et al. found a decrease in TG with
exercise (67).

The effect of weight reduction on dyslipidemia in obese subjects
with CKD is unknown. Nutrition therapy as recommended by ATP III
is similar to the DASH diet for treating hypertension and is mostly
likely safe for CKD stages 1 and 2. In CKD stages 3 and 4, the risk
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Table 8
Management of Dyslipidemias in Adults with Chronic Kidney Disease
If goal not  Alternative
Dyslipidemia Goal range Begin with met add therapy
TG>500 TG <500 TLC TLC + Fibrate
mg/dL mg/dL fibrate or or
niacin niacin
LDL LDL <100  TLC TLC + Bile acid
100-129 mg/dL low dose seques-
gm/dL statin trant or
niacin
LDL>130 LDL <100  TLC 4 low TLC + Bile acid
gm/dL mg/dL dose maximum seques-
statin dose trant or
statin niacin
TG>200 Non-HDL TLC + low  TLC + Fibrate
mg/dL and <130 dose maximum or
non-HDL mg/dL statin dose niacin
>130 mg/dL. statin

LDL, low density lipoprotein; HDL, high density lipoprotein; TG, triglyc-
eride; TLC, therapeutic life style changes. Adapted from the National Kidney
Foundation (62).

of malnutrition is high and the priority of nutrition therapy should be
adequate calories and protein, reduced sodium intake to control hyper-
tension, low phosphorus intake for controlling serum phosphorus and
PTH, consistent meals, and carbohydrate intake to maintain goal blood
glucose levels in people with diabetes. If these goals are being met,
it may be reasonable to implement dietary changes to improve lipid
profiles for 2-3 months before beginning drug treatment (Table 10).
For others, drug treatment of lipid disorders may be first-line therapy.

For those patients with nephrotic range proteinuria, increases in
total and LDL cholesterol and even TG are common. Treatment
of the underlying glomerular disease may induce a remission in
nephrotic syndrome and improve lipid profiles. Some studies have
shown reduced urine protein excretion and improved cholesterol levels
after treatment with ACE inhibitors and some show little impact of this
treatment on lipid levels (62). However, there is substantial evidence
that treatments with these drugs reduce the rate of kidney disease
progression in people with proteinuria, regardless of their effect on
plasma lipids.
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Table 9
Therapeutic Lifestyle Changes (TLC) for Adults with Chronic Kidney
Disease

Diet
Emphasize reduced saturated fat:
 Saturated fat <7% total calories
* Polyunsaturated fat < 10% total calories
* Monounsaturated fat < 20% total calories
Total fat 25-35% total calories
e Cholesterol <200 mg per day
* Carbohydrate 50-6-% total calories
Emphasize components that may reduce dyslipidemia
e Fiber 20-30 gm/day, emphasize 5-10 gm/day viscous (soluble) fiber
* Consider plant stanols/sterols, 2 gm/day
* Improve glycemic control
Emphasize total calories to attain/maintain BMI 22-26
* Match intake of overall calories to overall energy needs
¢ Goal waist circumference: men <40 inches, women <35 inches
* Goal Waist-hip ratio: men <1.0, women < 0.8
Physical Activity
Moderate daily lifestyle activities
» Use pedometer to attain/maintain 10,000 steps/day
* Emphasize regular daily motion and distance
Moderate planned physical activity
* 3-4 times/week, 20-30 minute periods of activity
* Choose walking, swimming, supervised exercise as tolerated
¢ Include resistance exercise to build lean muscle mass, reduce excess
body fat
Lifestyle Habits
Drink alcohol in moderation, limit one drink/day with physician approval
Smoking cessation

Adapted from the National Kidney Foundation (63).

5.2.1. DRUG THERAPIES FOR DYSLIPIDEMIA

For patients who do not improve LDL and TG levels with TLC, drug
therapies are appropriate, including use of statins, fibrates, niacin, and
bile acid sequestrants. The KDOQI Clinical Practice Guidelines for
Managing Dyslipidemias in CKD contain detailed recommendations
for when and how to implement drug therapies, including combining
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therapies with stage of CKD and contraindications for combination
treatments (Table 8) (62).

6. DIABETES IN CKD

Diabetic kidney disease (nephropathy) is a leading cause of CKD,
with estimates of greater than 40% of all CKD due to diabetes.
Prevention of diabetic nephropathy should be a major public health
goal as all people with diabetes are at risk for CKD. Without interven-
tions, approximately 80% of those with type 1 diabetes and 20-40%
of those with type 2 diabetes will progress to overt nephropathy
(albuminuria >300 mg/day) and hypertension. Refer to Chapter 6 for
an in-depth discussion of evaluations and therapies to identify, treat,
and prevent CKD in people with diabetes.

7. IGA NEPHROPATHY

IgA nephropathy (IgAN) is the most common primary glomeru-
lonephritis in the world. It is an immune complex-mediated glomeru-
lonephritis characterized by the deposition of IgA within the mesangial
regions of the glomeruli. Many patients develop a chronic, slowly
progressive decline in kidney function over 10-20 years, leading to
stage 5 CKD in 20-40% of cases (66,67). Treatment often includes
corticosteroids and/or ACE inhibitors. Two additional therapies
involving nutrition interventions have been examined.

7.1. Omega-3 (n-3) Polyunsaturated Fatty Acids

The omega-3 polyunsaturated fatty acids (PUFA) eicosapentanoic
acid (EPA) and docosahexanoic acid (DHA) (found in cold water
fish, flaxseed oil, and canola oil) have anti-inflammatory effects
in humans. EPA and DHA undergo biologic transformation into
trienoic eicosanoids, which lead to decreased production of proinflam-
matory mediators, resulting in vasodilatory rather than vasoconstriction
properties. In the kidney, EPA is used as substrate which results in
reduced manifestations of mesangial cell activation (68). Prospective
studies have evaluated the effect of EPA and DHA supplements on the
progression of IgAN and found that in long-range follow-up, the rate
of loss of kidney function can be lowered with doses of 1.9 g EPA and
1.4 g DHA (69). As a person would need to consume approximately
two servings of salmon per day to obtain that amount of EPA and DHA,
supplements provide a convenient and easy way to increase noninflam-
matory PUFA. An additional benefit may come from reducing intake
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of pro-inflammatory PUFAs, which are found in vegetable oils such
as safflower, sunflower, and corn oils.

7.2. Low Antigen Content Diet

The rationale for use of a low antigen content diet for the treatment
of IgAN involves the pathogenesis of IgA renal lesions. IgA is secreted
by B-cells as part of the mucosal immune system in the intestinal
tract, as triggered by viral and dietary antigens crossing the intestinal
mucosal barrier (68). Animal studies have shown IgA that is produced
in response to dietary antigens can form glomerular deposits (70).
Studies in humans have shown that a low antigen content diet was able
to reduce nephritogenic dietary antigens (7/). Long-term effects and
consequences of following the low antigen content diet have not been
reported, although one study recommends following the restricted diet
for 1 month initially, then 10-15 days every month thereafter (72).
The low antigen content diet includes avoidance of foods containing
common allergens such as gluten, nuts, dairy foods, citrus foods such
as oranges and grapefruit, cantaloupe, honeydew, berries, chocolate,
shellfish, eggs, and sulfites. Although the diet is complicated and
restrictive in many foods and nutrients, a qualified renal dietitian could
combine the low antigen components with an appropriate renal diet
in those patients with IgAN. Regular nutrition assessments would
be necessary to assure that the patient was consuming adequate
nutrients.

8. ADVANCED GLYCATION END PRODUCTS

Advanced glycation end products (AGEs) are a heterogeneous
group of compounds with significant prooxidant and proinflam-
matory actions. They form in the body under physiologic conditions
produced by nonenzymatic glucose—protein interactions, producing
highly reactive dicarbonyls which contribute to oxidative stress,
inflammatory response, and tissue injury. Endogenous AGE formation
is enhanced in diabetes, possibly due to the presence of elevated serum
glucose levels. AGEs have been implicated in the vascular damage
seen in diabetes and CVD, and, in animal studies, vascular disease
has been suppressed by restricting food AGE content. High levels of
AGEs are also seen in kidney failure, presumably due to accumulation
and secondary to decreased renal clearance (73-76).

AGEs form externally during the heat processing of food [i.e.,
the Maillard (or Browning) reaction], which produce fluorescent
compounds, brown pigments, and flavoring agents (77). Maillard
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reactions are responsible for the rich color and flavor, which forms on
roasted and broiled meats and baked breads. Studies have shown that in
CKD, higher AGE intake correlates with both higher serum markers of
AGEs and greater markers of inflammation. Reducing dietary intake of
AGEs will decrease serum levels and some inflammatory markers and
may impact inflammatory vascular disease (78,79). Dietary changes
to reduce AGE consumption include avoiding cooking methods which
promote Maillard reactions (frying, broiling, and grilling) and instead
cooking meat, fish, poultry, vegetables, and so on by boiling, poaching,
stewing, or steaming. These changes appear to be low risk, as long
as patients are able to maintain an adequate protein and energy intake
and it may be appropriate for those wishing to reduce accumulation of
toxic AGEs.

9. SELF-MANAGEMENT BEHAVIOR

Nutrition management of CKD involves one of the most complex
diet therapies prescribed. Patients with CKD must learn to balance
intake of protein and calories, as well as several micronutrients. If the
patient has diabetes, he/she must include carbohydrate control as well.
Depending on the individual’s overall health, clinicians may advise
modifying lipids, smoking cessation, increased exercise, and so on.
These are not behavior changes that patients can learn to do in brief
office visits with their clinicians, but involve intense education in new
lifestyles.

Self-management is a health care education approach, which recog-
nizes the central role that patients play in health promotion, disease
prevention, and successful disease management. Patients and clini-
cians work as partners to learn problem-solving skills and appropriate
interventions and resources. Patients develop skills through modeling
and practices to be self-supporting and in order to make successful
behavior changes. This approach is significantly different from tradi-
tional knowledge-based teaching, where patients are provided with
basic knowledge of why and how to change with no opportunity for
practicing or experiencing the change as part of the learning process.

The self-management approach has been effective in changing
behavior in patients with CKD (80,87). In hypertension treatment
studies, self-management has been shown to be more effective than
information-only education at teaching people how to follow a low
sodium diet. In addition, this approach has been shown to be more
effective at improving clinical outcomes (82,83).
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10. CONCLUSION/SUMMARY

People with CKD require nutrition therapy and lifestyle changes, and
it is unreasonable to expect the physician’s office to provide effective
nutrition education in a monthly clinic visit. Qualified registered
dietitians are the cornerstone of all successful dietary interventions,
being experts at assessing nutrient needs, conducting comprehensive
nutritional assessments, identifying foods to be limited on the diet,
recipe modification, shopping and cooking methods, and modifying
diets for cultural and religious practices and beliefs. Dietitians are
trained to determine the patients’ readiness to learn and to make
dietary changes and can assess what and how to teach effectively
to promote healthful lifestyles. Teaching self-management is time-
consuming, requires frequent contacts with clinicians for education,
goal setting, teaching self-monitoring and problem-solving skills,
evaluating progress, and providing feedback. Incorporating the skills
of a qualified dietitian will result in the most successful outcomes for
the patient with CKD.

11. CASE STUDY

BH has been referred to a nephrologist by the local Community
Health Center. Last month, BH went to the Health Center, complaining
of “flu symptoms” like fatigue, chronic cough, nausea, headaches,
and fever. BH is 66 years old, height 182 cm, body weight 83 kg,
with a previous diagnosis of diabetes. He quit smoking last year but
drinks alcohol occasionally. Medications included Glyburide 2.5 mg
everyday. His blood pressure was 163/89 mm Hg with trace peripheral
edema in his lower extremities. His lungs were clear. Laboratory
test results showed: creatinine 2.3 mg/dL, BUN 51 mg/dL, HbA1C
6.1%, potassium 4.6 meq/L, bicarbonate 26 meq/L, TC 219 mg/dL.
The Health Center prescribed Lasix 20 mg once daily, Lisinopril 5 mg
once daily, and referred BH to the nephrologist. When the nephrologist
sees BH a month later his blood pressure is 150/80 mm Hg. Trace
edema is still present below the knees. Cough, headache, and fever
have resolved, but he complains of ongoing fatigue and low energy.
Current laboratory tests show creatinine 1.8 mg/dL, BUN 52 mg/dL,
Hgb 10.6 gm/dL, potassium 5.3 meq/L, calcium 9.2 meq/L, phosphorus
5.0 mg/dL, Intact PTH 79 pg/mL, albumin 4.9 g/dL, glucose 95 mg/dL.
Calculated GFR is 40 ml/min/1.73 m?, CKD stage 3. The nephrologist
orders an anemia workup including iron studies. Ferritin is 83 ng/mL
and TSAT is 18%. The nephrologist discusses CKD with him the
importance of achieving a lower blood pressure and good blood sugar
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control. BH is told to add Norvasc 5mg and FeSO4 325mg (four
tablets daily) to his medications and is referred to a dietitian for
nutrition assessment and therapy.

11.1. Case Study Questions
1. Why is EPO therapy not prescribed, considering BH’s low Hgb?

11.2. Additional Follow-Up

One month later, BH and his wife meet with the dietitian. She
questions BH about lifestyle and usual eating patterns. He eats two
meals per day at restaurants, plus an afternoon snack at work. Exercise
includes housework and light yard work on weekends.

2. What are nutrition priorities for BH?

11.3. Additional Follow-Up

Three weeks later, BH and his wife return for follow-up, after seeing
the nephrologist. Current laboratory values include serum phosphorus
4.8 mg/dL, potassium 4.6 meq/L, Hgb 10.8 gm/dL, ferritin 110 ng/dL,
TSAT 23% and blood pressure 132/79. The nephrologist has instructed
BH to take Tums 1 with each meal and has begun EPO injections 8500
units/week. BH reviews his food records with the dietitian, showing
the changes he has made over the past several weeks.

3. BH’s Hgb is increasing with oral iron. Why is BH started on EPO
therapy?

4. Why are phosphate binders prescribed (Tums) when the serum
phosphorus level is decreasing?

5. What additional nutrition therapy should be presented to BH at this
clinic visit?

11.4. Additional Follow-Up

One month later, BH returns for follow-up. Current laboratory
values (from his nephrology visit) include serum phosphorus
4.3 mg/dL, Hgb 11.7 gm/dL, blood pressure 129/80, blood sugars range
90-130 mg/dL, and body weight has decreased to 80 kg. No medication
changes are noted. BH reports that with his smaller meat portions, he
often feels like he is not getting enough to eat.

6. Is BH’s recent weight loss a benefit or risk, considering his usual
weight, diabetes, hypertension, and CKD?
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LEARNING OBJECTIVES

1.

2.

Describe the goals of medical nutrition therapy for patients receiving
hemodialysis, peritoneal dialysis and nocturnal home dialysis.
Describe the differences in nutrition therapy between the different
types of renal replacement therapies.

. Identify factors that may impact the nutritional status of patients

receiving maintenance dialysis.

Summary

Medical nutrition therapy plays an integral role in the health of patients with
stage 5 chronic kidney disease. This chapter reviews the different types of renal
replacement therapies and corresponding dietary recommendations for calories,
protein, sodium, fluid, potassium, calcium, phosphorus, lipids, vitamins and
trace minerals. It also briefly discusses factors that may influence nutritional
status in patients receiving maintenance dialysis.

Key Words: Malnutrition; medical nutrition therapy; hemodialysis;
peritoneal dialysis; nocturnal home hemodialysis.

1. INTRODUCTION

Medical nutrition therapy (MNT) plays an integral role in the health

of the patient with stage 5 chronic kidney disease (CKD) receiving
maintenance dialysis. The health professional must understand the role
of nutrition in stage 5 CKD, the factors affecting assessment and mainte-
nance of adequate nutritional status and the nutritional implications
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associated with the different types of renal replacement therapies (RRT).
Currently there are over 350,000 patients receiving RRT in the United
States with those numbers expected to steadily increase (/,2). The
average age of the patient starting dialysis is increasing with a signif-
icant number of patients presenting to dialysis with numerous comorbid
conditions that may have already negatively impacted their nutritional
status. The nutritional status of the patient at the initiation of RRT is an
important risk factor for future outcomes, and malnutrition is associated
with increased mortality in patients receiving maintenance dialysis
(3). Nutritional management should include ongoing diet education,
nutrition assessment, individualized interventions and monitoring of
nutritional status. The goals of MNT in stage 5 CKD are (i) to achieve
and maintain neutral or positive nitrogen balance; (ii) to achieve and
maintain good nutritional status; (iii) to prevent the accumulation of
electrolytes and minimize fluid imbalance; and (iv) to minimize the
effect of metabolic disorders associated with stage 5 CKD.

Patients beginning RRT now have a choice of modalities that
include hemodialysis (HD), peritoneal dialysis (PD), and nocturnal
home hemodialysis (NHD) and renal transplantation. This chapter will
review the MNT for each modality and discuss factors that may impact
nutrition assessment and overall nutritional status. Renal transplan-
tation is another treatment option and is discussed in Chapter 10.

2. FACTORS INFLUENCING NUTRTIONAL
STATUS

Protein energy malnutrition (PEM) in the maintenance dialysis
population is associated with increased morbidity and mortality (4-7).
Between 10 and 50% of HD patients and 18 and 56% of PD patients
have some degree of malnutrition (8,9). Routine monitoring of the
patients’ nutritional status through the use of anthropometric measures,
biochemical parameters, and diet histories and interviews is important
in the early detection and prevention of PEM. The National Kidney
Foundation Kidney Disease Outcomes Quality Initiative (KDOQI)
Clinical Practice Guidelines for Nutrition recommends that a panel
of measures be used to routinely assess nutritional status (/0). Refer
to Chapter 4 for more information on individual parameters used in
nutrition assessment. Use of a variety of assessment tools is important
because some of the traditional anthropometric and biochemical
measures employed to assess nutritional status can be influenced by
multiple catabolic factors such as anorexia, inflammation, acidosis and
dialysis-related losses. This section will provide a brief overview of
some of these factors.
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Serum albumin has long been used as a marker of nutritional status
in the maintenance dialysis population and has been shown to indepen-
dently correlate with an increased risk of mortality (5-7). Serum
albumin between 3.5 and 4 g/dL is associated with an increased risk of
death twofold, and a low albumin at the initiation of dialysis increases
the risk of hospitalization as well as length of stay in the first year
of dialysis (3,5). Emerging evidence now indicates that there are two
types of malnutrition present in the dialysis population. Classic or
type 1 malnutrition is defined by loss of lean body mass, inadequate
oral intake, normal to mildly depleted albumin and normal C-reactive
protein levels (CRP) and is responsive to nutrition intervention (8,71).
Type 2 malnutrition is caused by inflammation and characterized by
markedly low albumin despite adequate oral intake, increased oxidative
stress, elevated CRP and other pro-inflammatory markers and is not
reversible with nutrition intervention (/7). Type 2 is also referred
to as Malnutrition-Inflammation Complex Syndrome because of the
interrelationship between malnutrition and inflammation in the dialysis
patient. Both conditions have been found to frequently coexist and
there may be a cause and effect relationship between these two factors,
presenting a challenge for the clinician trying to assess which type of
malnutrition is present.

Anorexia or poor appetite is a subjective factor in nutrition
assessment; however, recent studies have shown it to be predictive
of poor clinical outcomes as well as being associated with inflam-
mation (/2). Anorexia is estimated to be present in one-third of patients
receiving maintenance dialysis (/3). The etiology of anorexia is multi-
factorial and includes uremia, inflammation, infection, delayed gastric
emptying, comorbid conditions, medications, and psychosocial and
socioeconomic factors, absorption of glucose in PD and early satiety
and age (/3-15). Refer to Chapter 11 for further information on PEM
and inflammation.

Metabolic acidosis impacts nutritional status by increasing protein
catabolism and possibly decreasing protein synthesis leading to
negative nitrogen balance and loss of lean body mass (15,16).
Correction of acidosis with sodium bicarbonate has been shown
to correct the protein catabolism (/7). Metabolic acidosis may
induce insulin resistance and chronic inflammation, both of which
may also increase protein catabolism but more research is needed
(16,18,19). KDOQI recommends that pre-dialysis bicarbonate levels
be > 22 mEq/L and that levels be monitored monthly (70).

HD has long been considered a catabolic procedure. Approximately
2-3 g of peptides and 4-9g net amino acids are lost during HD
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and 5-15 g protein during PD (20-22). The use of bio-incompatible
membranes and reuse of high flux dialyzers have both been shown
to increase amino acid loss (23,24). Dialysate protein losses are also
higher with polysulphone dialyzers processed with bleach and losses
significantly increase after the sixteenth use (25). HD has been shown
to induce a protein catabolic state that can stimulate muscle and whole
body protein loss, decrease protein synthesis and increase energy
expenditure with the effects lasting up to 2 hours post-dialysis (26,27).
PD is not as catabolic unless the patient has peritonitis. A mild inflam-
matory response may be triggered by peritoneal dialysate bioincom-
patability, endotoxin transfer from the dialysate, or the PD catheter
itself that can lead to protein catabolism (22,28). Patients receiving PD
who are classified as high transporters by their peritoneal equilibration
test have a higher incidence of poor nutrition due to the loss of larger
amounts of protein into the dialysate. Serum albumin levels are usually
low in these patients and they may require nutritional supplementation.

Assessment of dialysis adequacy should be part of the routine
evaluation of nutrition in patients receiving maintenance dialysis. The
relationship between Kt/V (a marker for dialysis adequacy where
K = clearance, t = time, and v = volume) and the protein equiv-
alent of nitrogen appearance (PNA), however, may be confounded by
mathematical coupling. Using Kt alone, the non-normalized dose of
dialysis may be more closely associated with serum albumin levels
(29). The Hemodialysis (HEMO) Study looked at the optimal dose of
dialysis for patients receiving maintenance HD in order to determine
the best parameters needed for achieving dialysis adequacy. Patients
were randomly assigned to standard dose of dialysis (single pool Kt/V
1.25) or high dose dialysis (single pool Kt/V 1.65) and to low or high
flux dialyzers. When the study group looked at the effect of dialysis
dose and membrane flux on various nutritional parameters, they found
no significant differences between the various groups (30).

The relationship between nutritional intake and dose of dialysis
in patients receiving continuous PD was evaluated as part of the
CANUSA (Canada-USA) PD study group. A number of different
nutritional markers were evaluated, and in the first 6 months, there
was a positive correlation between the PD dose and all of the nutri-
tional markers except for serum albumin levels. After 6 months,
reduction in overall clearance because of loss of residual renal function
was associated with a trend toward declining nutritional parameters
(31). Current minimum recommendations are a Kt/V of 1.3-1.4 for
maintenance HD and a weekly total Kt/V of 1.7 for continuous
PD (32).
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The use of short daily hemodialysis and NHD has been shown to
reduce anorexia and improve a number of nutritional markers (20).
Both of these treatment modalities are not available to all dialysis
patients because of reimbursement obstacles and limited data to support
their use. Although the observations have been reproduced in a number
of studies, further investigation is needed.

3. NUTRIENT RECOMMENDATIONS IN DIALYSIS

3.1. Energy

KDOQI recommends a daily energy intake of 35 kcal/kg standard
or adjusted body weight/day for stable maintenance dialysis patients
who are less than 60 years old and 30-35 kcal/kg standard or adjusted
body weight/day for those age 60 and older (/0). These recommen-
dations are based on metabolic studies that showed 35 kcal/kg was
necessary to maintain neutral nitrogen balance and stable body compo-
sition. As patients 60 years or older may be more sedentary and have
less lean body mass, a lower energy intake of 30-35kcal/kg body
weight is thought to be acceptable. Energy intakes should be adjusted
if the patient is involved in heavy physical exercise, underweight, or
catabolic (10,33). Energy intakes for acutely ill maintenance dialysis
patients are the same.

3.1.1. HEMODIALYSIS

Many HD patients are unable to consume the recommended energy
intake, resulting in a low body weight and body mass index, both of
which are associated with increased mortality in the HD patient (10,20).
The average energy intake has been reported at 24-27 kcal/kg/day
(13,34). In the HEMO Study, patients averaged 23 kcal/kg/day, signif-
icantly less than the NKF-KDOQI guidelines for calories and less
than the HEMO guidelines of 28 kcal/kg/day (34). Energy intake
was less and patient reported appetite was sub-optimal on dialysis
days when compared to a non-dialysis day. Contributing factors were
thought to be fatigue after dialysis or the catabolic, physiologic and
metabolic effects of dialysis on the body (35). Other factors such
as taste disturbances, medications, missed meals on dialysis days,
overly restricted diet, delayed gastric emptying, repeated hospital-
izations and psychosocial concerns may also contribute to inade-
quate energy intake (8,/4,36). A standard dialysate solution containing
200 mg/dL glucose contributes only a small amount of calories
during thrice weekly dialysis and does not significantly contribute
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to energy intake (20). Assessment and counseling by the dietitian
is important in helping the patient achieve an adequate intake. The
use of nutritional supplements, may need to be considered (refer to
Chapter 12).

3.1.2. PERITONEAL DIALYSIS

For patients receiving PD, energy levels should include calories
from both diet and the dialysate as calories absorbed during dialysis
can be significant and lead to weight gain. Several formulas have been
published for determining caloric load from PD and these are found in
Table 1 (37,38). The most accurate method is to compare the grams of
glucose infused with the grams of glucose in the effluent (39). Glucose
absorption differs between therapies with patients on continuous cyclic
PD (CCPD) absorbing approximately 40% of calories due to shorter
dwell times, whereas patients on continuous ambulatory PD (CAPD)
absorb approximately 60% of calories (40,41). It may be difficult to
restrict calories for weight reduction in PD patients without compro-
mising protein intake and nutritional status. To help with weight

Table 1
Estimate of Calories Absorbed from Peritoneal Dialysis

Formula Example Comment

4L of 1.5% (1.36) + 4L of
4.25% (3.8) dextrose =
average 2.6%.

Does not account
for differences in
membranes.

Glucose absorbed
(kcal) =
(11.3X-10.0) x L

inflow x 3.4
Where X = average
glucose
concentration
infused. (37)

Glucose absorbed
(kcal) = (1-D/Dy) x,
Where D/D, is the
fraction of glucose
remaining and the
X, is the initial
glucose (38)

[(11.3 x 2.6) -10.9] x 8L
=(29.4-10.9) x 8L

=18.5 x 8L =148 g glucose.
148 x 3.4 =503 kcal

Infused = 4L
of 38g/L + 4L of
13.6g/L=152+54.4=206¢
206g = x1.
Measured remaining
glucose = 1200 mg/dL in
10L effluent.
= 1200 x
(10,000 mL/100,000
=1200 x 0.1 =120¢g
D/D, = 120/206 = 0.58
(1-0.58) x 206 = 86.5
86.5 x 3.4 = 294 kcal.

Gives a rough
estimate of
glucose and kceal
absorption

Considers dialysis
modality and
membrane
transport type
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Simple Estimate: 4L (1.5%) + 4 L (2.5%), on  Does not consider
Glucose absorbed CAPD. membrane

(kcal) = glucose 60g + 100g x 60% transport type or
infused (mL) x % =160 x 60% type of PD
absorption. =96¢g x 34 modality.

G glucose absorbed = 326 kcal Provides a rough
x 3.4 = kcal estimate
absorbed

% Absorption:
APD: 40%
CAPD: 60%
Icodextrin = 40%

G glucose /L:
1.5%=15¢
25% =25¢
425% =42.5¢
icodextrin =

similar to 2.5%

solution

APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal
dialysis; PD, peritoneal dialysis.
Adapted from ref. (39)

control, patients should be encouraged to limit excessive sugars and
fats and exercise if possible.

Icodextrin is an alternative polyglucose PD solution produced from
the hydrolysis of cornstarch. Because it is a macromolecule, it is
absorbed more slowly by the peritoneal membrane resulting in a
sustained ultrafiltration (UF) and lower glucose absorption (40-43).
Icodextrin provides a caloric load similar to a 2.5% dextrose over the
longer dwell. One of the metabolites of icodextrin is maltose which
can interfere with certain blood glucose monitors and strips causing a
falsely elevated reading (42). People with diabetes who use icodextrin
need to check with the manufacturer of their glucose meter and strips
to assure they are using a system not affected by the maltose.

3.1.3. NOCTURNAL HEMODIALYSIS

There have been limited studies examining the nutritional needs of
patients receiving NHD. The current recommendations are extrapo-
lated from the needs of the conventional HD patient. The diet should
be individualized to the patient based on lab data, weight gains and
length of dialysis. Because of the frequency and length of dialysis, the



238 Part III / Chronic Kidney Disease (Stage 5) in Adults

diet for NHD tends to be more liberal than conventional HD. There
are no established energy guidelines for NHD, so current recommen-
dations follow the KDOQI Nutrition guidelines for conventional HD,
and energy needs can be adjusted as needed to maintain weight (see
Table 2). With NHD, appetite has been reported to improve leading to
an increase in both protein and calorie intake (20,44). Weight gain may
occur, so energy needs should be adjusted and exercise encouraged if
the patient is physically able to participate (20,44).

3.2. Protein
3.2.1. HEMODIALYSIS

Adequate protein intake is important to ensure that the patient
maintains positive or neutral nitrogen balance. The KDOQI Nutrition
Guidelines recommend 1.2 g/kg standard or adjusted body weight
for the clinically stable HD patient with at least 50% from high
biological value (HBV) sources. HBV protein or animal protein is used
more efficiently and provides the required essential amino acids (/0).
Vegetarian patients will require ongoing counseling by the dietitian
to help ensure they consume adequate protein from legumes or soy
products without excess mineral load. Protein recommendations are
based on a small number of nitrogen balance studies and do not
differentiate for age. While it is possible that protein needs of the
elderly patient receiving maintenance HD may be slightly reduced, the
catabolic effects of dialysis along with other comorbid conditions may
outweigh this reduction. A small number of studies have shown that
the risk level for malnutrition in elderly HD patients is higher than in
younger patients (45—48).

Protein intake is often inadequate in HD patients and contributes to
PEM. In the HEMO Study, less than 20% of the patients at baseline met
the current KDOQI nutrition guidelines for protein with the average
intake being 0.93 g/kg/day (34). Protein needs are also influenced
by metabolic acidosis, infection, inflammation or surgical procedures
associated with increased catabolism. There is limited data on the
protein needs of the acutely ill maintenance HD patient, and KDOQI
recommends that these patients receive at least 1.2 g protein/kg/day
(10). Hospitalized HD patients generally consume less than the recom-
mended amount of protein and may need intensive nutrition counseling,
monitoring and possibly nutritional support to provide adequate protein
to meet their needs.



(ponuyuo))

owreg
owreg
owreg
oweg
Jwesg
Jwesg
Jwes
Joue[eq pInyy
pue dd 10} ozI[enplAlpuf
S[OAQ] WINIAS [OIFUOD 0)
1snlpy "pejoImsaIun o) pPIIA
owreg

S[oAQ] WNIas uo juspuada(g
doueeq pmiyj ‘[onuod

ddg IonuojA “Kep/3 7
dzI[enplalpur

pue gH 10J 100 25N
dH 10} 100X

9S() ‘PAYSI[qrISO QUON

oureg
oureg
oureg
oureg
oureg
Jureg
Jueg
Joue[eq
pIN[J 10} SZI[enpIAIpu]
spaou urajoid
190w 0 I1snfpy "owres
oureg
S[OAQ] WINIJS JOJIUOIA]
‘parowsarun ‘Aep/3 y—¢
Qoue[eq pIngJ ‘[0nu0d
dd IonuoN “Kep/3 4—¢

(AGH %0S<) €1-T'1
2oy
Q1esATeIp 9pn[oul pue JwesS

Kep/3w (]
Kep/3r ¢—¢
Kep/Bur1—¢
Kep/3m ¢
Kep/3wi (g
Kep/Swr g [—1°1
Kep/Sw ¢ 1—¢'1

ON + TWoo0I-0SL
Jy3tom 33w /1>

10 3w (O0O1-008
[eIuRwole [810) W ()00Z=<
Kep/3 ¢

Kep/3 ¢

(A9H %0$<) T'1

sIedk 09 > G¢
sk 09 < $E-0¢

QUIXOPLIA]
urwe[eqo)

pIoe orayjojued
unorg

UIORIN
urAejoqry
SUruIeryy,

pmig

snioydsoyq
wniofe)

wnisse}oq

wnipog

(MdI fpe 10 MgS 8Y/3) urioig

(mdr
[pe 10 M gS 33/180Y) £310Uu79

S1SCID1pOWdY PUINIOON

s188p1p [paUOIID]

sisppipowa gy

JUILNN

s1uaNeJ SISA[RI(] NPV J0J SUOIIEPUSWWIOdY 1UdNNN A[re(q

T2IqeL

239



"asop unerodoIyl 1o U0 paseq SLIBA ,
oulz [eyuawdfe sw ¢ 03 dn pojusweddns oq Aejy ,
"ayeur Teto 1ood aaey pue sonoiquue uo Ji juawaddns poou AepA ,
"(0x2) 29g) paredtput aq Kew O O0F 4
"(1%9) 93S) papadu 9q Arw syunowre I9YS1Y NG UONBPUSWWOIAI PIBPUL)S ST SW | ,
(26'16'68°6S F#0¢) "S}21 WOIJ BIR :92IN0S
aATenIU] A)Ieng) sewooinQ aseasiq Aupry TOOC] ‘onfeaA [edrSofoiq

Y3y ‘AgH ‘ndino ouun :0n ‘einssard poo[q :dg sisArerpowy (qH y3em Apoq [eopr pasnlpe gl [pe Gysom Apoq piepuels M dgS

QUON QUON QUON wnuunyy

QUON QUON QUON wnisouge

QUON QUON QUON [ E] RN
,9ZIeNpIAIpU] ,9ZIenpIAIpU] >°ZI[enprAIpU] uoJay
QUON QUON QUON 1addop
pPIP39U J] pPIP3?U JI pPIP3dU ] ourz
,2OUON ,2OUON ,AUON 3] UTWe)A
qJeuondQ qJleuondQ Jreuondo H UIwer A
[enprarpuy [enpralpuy [enprAlpuy ( UuraerA
QUON QUON QUON VY UIwejp

swres oweg Kep/3w 001-09 D UTWeIA

LIRS ,ouIeS LAep/3w -1 e[o]
S18C)p1powdy [puInIooN S1SKD1p [DIUOILID J s18K)p1powd JUILINN

(ponuzuo))
3L

240



Chapter 9 / Dialysis 241

3.2.2. PERITONEAL DIALYSIS

Protein requirements in PD are higher than for HD due to increased
losses during dialysis. PD patients lose between 5 and 15 g protein/day
through the peritoneum. During episodes of peritonitis, this loss can
increase by 50-100% and may remain elevated for 2-3 weeks after
resolution of the infection (40,49,50). Metabolic balance studies found
that in clinically stable patients, 1.2—1.3 g protein/kg/day was required
to maintain neutral or positive nitrogen balance (51,52). Based on these
studies, KDOQI recommends that PD patients consume no less than
1.2 g protein/kg/day and that 1.3 g/kg/day be prescribed with 50% from
HBYV sources (10). Achieving this intake is sometimes difficult for
patients, and the dietitian needs to assess protein intake for adequacy.

3.2.3. PNA —HEMODIALYSIS AND PERITONEAL DIALYSIS

Protein equivalent of nitrogen appearance (PNA) is used to estimate
protein intake in the clinically stable dialysis patient. Protein is metab-
olized to nitrogenous products, and in the stable patient, nitrogen waste
products removed are equal to protein intake. PNA is calculated from
the urea appearance rate. Urea nitrogen appearance rate is calculated
from 24-h collections of urea dialysate and urine concentrations in the
PD patient or estimated from the interdialytic changes in serum urea
nitrogen in the HD patient. The equations can be found in the KDOQI
Nutrition Guidelines (/0). After PNA is calculated, it can be normalized
(nPNA) to body size. PNA may also be normalized to actual edema free
body weight; however, this method will give a higher nPNA in malnour-
ished patients with low body weights than in the overweight patient
in good nutritional status (/0,49). In these cases, normalizing to ideal
body weight may be more appropriate (/0). If the patient is catabolic,
the PNA will be high in proportion to the actual dietary protein intake.
If the patient is anabolic, then the reverse will occur (22).

3.2.4. NOCTURNAL HEMODIALYSIS

There are no established guidelines for protein requirements in
NHD, so current recommendations are to implement the KDOQI guide-
lines for protein and adjust to maintain adequate serum albumin levels
(see Table 2) (44). Patients receiving NHD usually have good protein
intakes possibly due to an increased clearance of middle and larger
molecular weight substances during the longer dialysis (44).

3.2.5. NUTRITION SUPPORT

Patients who are malnourished at the initiation of dialysis, later
develop malnutrition, or have peritonitis will have increased dietary
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protein and energy requirements (49). Achieving adequate intake may
be difficult as oral intake may have spontaneously declined. It may
be necessary to liberalize the diet and encourage the use of oral
nutritional supplements in the form of modular protein powders or
nutritionally complete liquid products. Tube feeding or intradialytic
parenteral nutrition (IDPN) may be considered for the HD patient
who needs significant nutrition support. The use of intraperitoneal
amino acids has been shown to improve nutritional status in malnour-
ished PD patients and is as an option in the patient who has failed
to achieve/maintain an adequate protein intake (53-55). Both IDPN
and IPN are limited by cost and insurance reimbursement. For more
information, refer to Chapter 12.

3.3. Sodium and Fluid
3.3.1. HEMODIALYSIS

Sodium and fluid control are very important in patients receiving
maintenance HD. When the glomerular filtration rate (GFR) falls below
15ml/min/1.73 m?, the kidneys ability to compensate and excrete
sodium declines, leading to sodium retention. Because a patient’s GFR
declines within the first few months on HD to 1-2 ml/min/1.73 m*and
the patient becomes oliguric or anuric, diet and dialysis become the
two controlling factors in sodium and fluid balance (20). Excessive
fluid and sodium intake between treatments can result in sodium and
fluid overload leading to hypertension and cardiac problems such as
congestive heart failure (CHF) (56,57). In addition, removal of large
interdialytic fluid weight gains to achieve a dry weight may not be
possible during one treatment and may cause intradialytic hypotension,
cramping, angina, arrhythmias and malaise (20,58). The recommended
sodium intake for HD patients is 2-3 g/day while the recommended
fluid intake is 750-1000 mL plus urine output and, in general, should
not exceed 1500 mL/ day including that in food (20,58). The goal is to
minimize interdialytic weight gains and control blood pressure. Ideally,
interdialytic weight gains between treatments should not exceed 2-3 kg
or 3-5% of the patient’s dry weight (39,58,59). The accessibility of
high sodium convenience and fast foods makes patient compliance
difficult. Patients should be counseled on avoiding high sodium foods,
label reading, making appropriate choices when eating out and ways to
help control thirst. While high interdialytic weight gains can indicate
excessive consumption of sodium and fluid, very low interdialytic
weight gains, especially in the elderly, may be an early indicator of poor
oral intake (60). The elderly dialysis patient, already at risk for malnu-
trition, may over restrict both their food and fluid intake. A thorough
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diet history, along with a review of other nutritional parameters, should
be obtained to assess the nutritional adequacy of the diet.

3.3.2. PERITONEAL DIALYSIS

The recommended sodium restriction for patients receiving PD is
2—4 g/day and should be individualized depending on cardiac status,
blood pressure control and fluid balance. Sodium is usually easily
cleared in PD, with the majority of patients clearing 3—4 g of sodium
daily depending on their dialysis prescription (61,62). Excess dietary
sodium intake will affect volume retention and blood pressure control
(56,62,63). Patients receiving PD who are volume overloaded, hyper-
tensive and unresponsive to management by medication may require a
stricter sodium and fluid restriction (64). To correct volume overload, it
becomes necessary to use a hypertonic dialysate solution. The frequent
use of high dextrose concentrations can damage the peritoneum leading
to alterations in and possible loss of ultrafiltration (UF) by the
peritoneal membrane (43,65,66). Hypertonic dextrose solutions can
also aggravate hypertriglyceridemia, hyperglycemia and hyperinsu-
linemia and promote weight gain (40). Patients may initially start out
with a liberal sodium intake but it may become necessary to reassess
the patient for declining residual renal function and uncontrolled blood
pressure to determine whether a reduction in sodium intake is indicated.

Fluid removal in PD is regulated by the strength of the dialysate
concentration used, that is, the higher the concentration, the more fluid
removed (40,43). Patients are taught to monitor their blood pressure,
weight and drain volumes to identify if and when any change in their
normal dialysis prescription may be needed. UF using glucose occurs
quickly and early in the PD exchange, which can present a problem
for the volume overloaded patient who requires a higher UF during
the long overnight CAPD dwell or the daytime CCPD dwell (43). In
these circumstances, icodextrin can be used as an alternative dialysate.
The recommended fluid allowance for patients receiving PD should
be individualized for each patient with the goal of minimizing the
use of hypertonic exchanges. The typical daily fluid allowance should
not exceed 2 L; however, patients with a high urine output may need
to have additional fluid (22). Fluid allowance may be less depending
on cardiac status, blood pressure control, rate of UF and amount of
remaining residual renal function.

3.3.3. NOCTURNAL HEMODIALYSIS

Sodium and fluid restriction in the NHD patient is dependent on
fluid balance and blood pressure control. The current Dietary Reference
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Intake (DRI) for sodium is 2400 mg/day and is a good starting point
for the stable patient, but no formal guidelines for this cohort have
been published. The hypotensive patient may require a more liberal
sodium prescription. Fluid intake should be individualized based on
interdialytic weight gain. A fluid restriction may not be required as
long as the patient does not gain more than they can safely remove
while maintaining hemodynamic stability. This may vary slightly from
patient to patient based on the dialysis prescription, but it is approxi-
mately 2—4 L/night (44).

3.4. Potassium
3.4.1. HEMODIALYSIS

As the GFR falls, the kidneys lose their ability to filter potassium,
and fecal potassium excretion increases (20,67). Potassium removal
during HD averages between 70 and 150 mEq per treatment (68).
This will vary depending on the dialyzer clearance and the potassium
concentration of the dialysate, that is, the higher the dialysate concen-
tration, the less potassium is cleared. Most patients receiving mainte-
nance HD are placed on a dialysate bath of 2-3 mEq/L, with the
standard being 2 mEq/L (20,68). Use of low potassium dialysate (0—
I mEq/L) is rarely used in the outpatient dialysis setting because of
the increased risk of cardiac arrest due to hypokalemia (20). Patients
with a low pre-dialysis serum potassium (<3.5 mEq/L) will generally
require the upper range of the dialysate bath (3—4 mEq/L) especially
if oral intake is poor. Hyperkalemia may be categorized as either mild
(serum potassium 5.5-6.5 mEq/L) or moderate (>6.5 mEq/L) and may
result in cardiac arrhythmias and cardiac arrest (20,69).

The recommended dietary potassium restriction is 2-3 g/day or
40 mg/kg edema free body weight and should be individualized based
on serum lab values (20,33). Nutritional counseling regarding food
sources of potassium and patient education about the complications
of hyperkalemia are important to help the patient avoid elevated
potassium levels during the interdialytic period. The primary sources
of potassium are fruits, vegetables and dairy along with nuts, seeds,
nut butters and dried beans and peas. Patients should also avoid
salt substitutes, which contain potassium chloride, and check with
their doctor or dietitian before using any herbal products or dietary
supplements. For patients who are chronically non-adherent and whose
dialysate bath cannot be lowered, a short-term dose of an oral sodium
polystyrene sulfonate resin such as kayexalate may be given (20,33).
While the primary cause of hyperkalemia may be dietary intake, non-
dietary factors such as medications, hyperglycemia, metabolic acidosis
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Table 3
Dietary and Non Dietary Causes of Hyperkalemia in Hemodialysis
Patients

Dietary causes
Use of salt substitutes
Use of herbal or over-the-counter supplements
Excessive consumption of high potassium foods
Excessive consumption of liquid nutritional supplements

Non-dietary causes

Severe, chronic constipation

Loss of remaining residual renal function

High dialysate potassium concentration

Frequent use of chewing tobacco

Metabolic acidosis: each 0.1 decrease in pH may increase
potassium by 0.6—1 mEq/L

Inadequate dialysis

Blood transfusions

Hemolysis of blood sample due to error in blood draw or specimen
handling

Hyperglycemia: potassium shifts from cell into serum

Conditions causing release of potassium through tissue destruction
such as catabolism, starvation, infection, burns, surgical stress
and chemotherapy

Drug interactions: beta blocking agents, spironolactone,
angiotensin-converting enzyme inhibitors, cyclosporine and
digoxin

Comorbid conditions such as Addison’s disease and sickle cell
anemia and hypoaldosteronism

Data from refs (20,67,68).

and inadequate dialysis can also lead to elevated serum levels and
should be investigated if dietary causes can be ruled out (see Table 3)
(67,68,70,71).

3.4.2. PERITONEAL DIALYSIS

Hyperkalemia is less common in patients receiving PD due to the
continuous nature of the dialysis, and some patients may not require a
potassium restriction (68,69). A 3—4 g/day dietary potassium restriction
is recommended and should be adjusted based on laboratory values to
maintain serum potassium within normal ranges (39,41). It is advisable
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to have patients spread their high potassium food choices throughout
the day. Patients with diabetes should be cautioned not to treat frequent
low blood glucose levels with only high potassium fruit juices, such
as orange juice, as this may cause hyperkalemia. Some patients may
become hypokalemic due to nausea, vomiting, diarrhea or inadequate
dietary intake and may require liberalization of the diet and change in
the dialysate (68,72).

3.4.3. NOCTURNAL HEMODIALYSIS

A potassium restriction in NHD is normally not required unless
mid week levels are high (44,73). If a patient skips one night of
treatment and has a high interdialytic potassium level, then that patient
should be placed on a potassium restriction over their longest skip
period (44). Although no specific recommendations are available,
clinical experience suggests that a 2.5-3 g potassium diet may be
appropriate depending on the degree of hyperkalemia. Patients who
are hypokalemic will need to increase their dietary potassium intake
or be given a supplement if unable to maintain normal levels by diet
alone (44).

3.5. Calcium/Phosphorus/Vitamin D
3.5.1. HEMODIALYSIS AND PERITONEAL DIALYSIS

Calcium and phosphorus balance in healthy individuals is
maintained through interactions between the kidneys, parathyroid
glands, bones and intestines. In CKD, the decline in GFR results in
increased phosphorus retention and the decreased production of 1-
25 dihydroxy-vitamin D,[1,25-(OH),D;] or calcitriol, the active form
of vitamin D. Decreases in calcitriol can result in reduced intes-
tional calcium absorption, decreased mineral reabsorption/excretion
by the kidneys, increased bone turnover and increased parathyroid
hormone (PTH) production (74). These metabolic changes, along
with hyperphosphatemia, can lead to secondary hyperparathyroidism,
renal osteodystrophy and elevated PTH levels. Active vitamin D can
be given orally or intravenously during dialysis to correct vitamin
D deficiency and suppress PTH production and secretion; however,
calcitriol supplementation can also increase intestinal absorption of
calcium and phosphorus and increase calcium mobilization from the
bone leading to further mineral imbalance (74). Newer analogs are
available to suppress PTH with less impact on calcium and phosphorus.
Regardless of therapy, all patients should be closely monitored to keep
calcium, phosphorus, calcium x phosphorus (Ca x P) product and
PTH levels within recommended guidelines.
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Both excessive calcium load and hyperphosphatemia are associated
with bone disease, vascular and soft tissue calcification and increased
cardiovascular mortality because they contribute to an elevated Ca x
P product (75-77). Research indicates that a Ca x P product >55
is related to an increase in mortality in CKD patients (78). Calcium
load is affected by the amount of dialysate calcium, dietary calcium
intake and use of calcium-based medications, specifically phosphorus
binders, while serum phosphorus is controlled by adequate dialysate,
diet restrictions and use of phosphorus binders (20,79). Dietary calcium
intake in dialysis patients is generally about 500 mg/day when high
phosphorus foods are limited, the patient is compliant with restrictions
and no calcium fortified foods are used. The increasing amount of
calcium-fortified foods in the supermarket means that patients must be
counseled to carefully read food labels to avoid these items. KDOQI
recommends no more than 800—1000 mg phosphorus/day; however, in
some cases this may be difficult to achieve as many high phosphorus
foods are also high in protein. The phosphorus restriction needs to be
adjusted to dietary protein requirements to prevent protein malnutrition.
For patients with higher protein needs, calculating phosphorus based
on protein requirements (using 10-12mg phosphorus/gram protein)
should provide a reasonable phosphorus restriction (80). For PD
patients, it may be more practical to use <17 mg phosphorus/kg ideal or
adjusted ideal body weight (59). Phosphorus is not currently required
to be listed on food labels, and the use of phosphate-based food
additives has contributed to hidden sources of phosphorus outside the
traditionally known high phosphorus foods. The inorganic phosphates
used as food additives are also 100% absorbable as compared to
the 50-60% absorption rate from naturally occurring phosphorus
(81). Refer to Chapter 14 for a review of bone disease management
in CKD.

3.5.2. NOCTURNAL HEMODIALYSIS

With NHD, weekly phosphate removal is twice that of conventional
HD, so phosphate levels are generally normal or low and calcium-
phosphorus balance is normal (73,82,83). Phosphorus restriction is
not needed in the majority of patients, but it is dependent on the
patients’ appetite, oral intake and serum phosphorus levels. A large
percentage of patients may be able to decrease or discontinue use of
phosphate binders. Phosphorus levels should be monitored and the diet
individualized. In patients who are hypophosphatemic and unable to
increase dietary phosphorus intake, phosphate may be added to the
bicarbonate bath (82).
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3.6. Lipids
3.6.1. HEMODIALYSIS

There is a high prevalence of lipid abnormalities in the dialysis
population, which is a contributing risk factor to cardiovascular disease
(CVD). The mortality rate from CVD in patients undergoing mainte-
nance HD is almost 50% (20). HD patients generally have normal
or high total cholesterol, low density lipoproteins (LDL) and triglyc-
erides (TG) and normal or low high density lipoproteins (HDL)
(20,84). According to the Dialysis Morbidity and Mortality Study,
only 20% of patients receiving maintenance HD meet the recom-
mended normal lipid parameters outlined by the National Cholesterol
Education Program (NCEP) Adult Treatment Panel (ATP III) (85).
The KDOQI recommended therapeutic lifestyle changes (TLC) are
covered in detail in Chapter 7. Briefly, it recommends (i) a reduction
in saturated fat to <7% of total calories; (ii) a reduction in total fat
to 25-35% of total calories with monounsaturated fat providing up to
20% of calories and polyunsaturated fat up to 10%; (iii) total dietary
cholesterol <200 mg/day; (iv) increased dietary fiber; and (v) modifi-
cations in calories to attain or maintain a desired weight along with
exercise and smoking cessation (85).

Before beginning any dietary modifications, the dietitian should
assess the patient for any signs of PEM, as addition of a fat-restricted
diet can compromise caloric intake which can further compromise
nutritional status (86). Patients also encounter difficulty trying to
comply with the fat recommendations in addition to a complex renal
diet. Dietary modification may be undertaken if the patient is well-
nourished; however, pharmacological intervention with lipid lowering
medication may be the only intervention used if the patient is unable
or unwilling to further modify their diet. Encouraging general recom-
mendations for modifying saturated fat along with smoking cessation
and promoting exercise should be suggested.

3.6.2. PERITONEAL DIALYSIS

Patients receiving PD often have elevated LDL, total cholesterol
and TG levels along with abnormalities in serum apoproteins thought
to be related to the glucose uptake from the dialysate and increased
protein losses during dialysis (22,43,87). There is little data as to
the effectiveness of diet modification on lipid levels in PD with
the exception of maintaining good glycemic control in patients with
diabetes (86,87). Strict fat-restricted diets may also compromise protein
and calorie intake, and lipid-lowering medications are generally the
first line of treatment along with encouraging general TLC such as
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smoking cessation and exercise. Maintaining adequate protein intake
is the primary goal. Minimizing saturated fat and sugar intake should
be recommended when possible, but strict dyslipidemia diets are not
recommended for patients receiving PD.

3.6.3. NOCTURNAL HEMODIALYSIS

While there are no specific recommendations for NHD, it would be
prudent to encourage patients to follow general therapeutic lifestyle
recommendations suggested by the KDOQI guidelines for dyslipi-
demias (85) due to the high risk of CVD in the dialysis population.

4. VITAMINS, MINERALS AND TRACE ELEMENTS

Vitamins, minerals and trace elements are micronutrients required
by the body to help with normal metabolism, energy production, cell
function and growth and recently have been shown to help lower the
risk for CVD and cancer in the general population (88,89). The Food
and Nutrition Board of the Institute of Medicine has developed DRIs
for most of the micronutrients for the general healthy population. The
DRIs for the patient receiving maintenance dialysis have not been
established, and the recommendations are the same for HD and PD.
Kidney failure can cause impaired or excessive excretion of micronu-
trients due to the loss of glomerular filtration or impaired tubular
function leading to either a deficiency or toxicity (88).

The current recommendations for vitamins and minerals in NHD
are the same as those for conventional HD. There is some concern
that there may be an increased loss of water-soluble vitamins because
patients are dialyzing twice as many days, but to date there has been
no conclusive research in this area (20,44,73).

4.1. Water-Soluble Vitamins

There are numerous causes of water-soluble vitamin deficiency
in dialysis patients and these include patient anorexia, alterations in
metabolism caused by renal failure, the dialysis process, drugs which
may affect absorption and the renal diet restrictions (20,22,90,91).
Water-soluble vitamins are small, nonprotein-bound substances which
are removed by dialysis and may be lost at a rate greater than
normal urinary excretion (92). Dialysis membrane pore size, surface
area and increased flow rates can adversely affect water-soluble
vitamin retention (88,93). Some drugs such as immunosuppresants,
anti-convulsants and chemotherapy drugs used to treat comorbid condi-
tions can also interfere with vitamin absorption (94).
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Little research has been done to determine the exact requirements for
biotin, riboflavin, pantothenic acid, niacin, cobalamin, and thiamine in
kidney failure and serum levels are usually normal (90,88). Thiamine
deficiency has been reported in dialysis patients and several symptoms
of thiamine deficiency, such as CHF with fluid overload (wet beriberi),
lactic acidosis and unexplained encephalopathy, can mimic uremic
complications making an early diagnosis difficult (90,88,95). Biotin
levels have been shown to be normal, but supplementation may help
with dialysis-related intractable hiccups (96,97).

The water-soluble vitamins most likely to be deficient are pyridoxine
(B-6), folic acid, and vitamin C (88,92,93). Adequate stores of B-6
are necessary for erythropoietin (EPO) to be effective in promoting
red blood cell (RBC) formation, and deficiency symptoms include
peripheral neuropathy and burning (88,94). Levels of B-6 are low to
normal in patients receiving conventional dialysis with higher losses
for patients on high flux/high efficiency dialyzers or those receiving
EPO therapy (33,88,93). B-6, along with folic acid and vitamin B-
12, is a co-factor in homocysteine metabolism, and low levels may
result in hyperhomocysteinemia, which can contribute to increased
cardiovascular risk in patients receiving maintenance dialysis (97,98,
99,100). Consequently, more than the DRI for pyridoxine is required
with the recommended amount being 10 mg/day (88). Although the
risk for pyridoxine toxicity is low, an upper limit has been established
at 100 mg/day. Doses higher than this can cause a sensory neuropathy
(90,88,92).

Adequate serum levels and body stores of folic acid are important
for RBC (88,101). Levels are generally normal, but losses may be
higher in hemodialysis especially with high flux dialysis. Folic acid
supplementation may be indicated for the management of hyperhomo-
cysteinemia as it enhances homocysteine removal (100,101).

Hyperhomocysteinemia can damage vascular endothelial cells,
cause lesion formation and promote platelet aggregation leading to
CVD (100). High dose folic acid therapy (5-15mg daily) has been
shown to reduce homocysteine levels by 25-30%, but does not
normalize the levels. Further research on CVD outcomes are needed
before conclusive recommendations on routine supplementation can
be made (88,101).

Vitamin B-12 plays a role in folic acid metabolism and the formation
of RBC. Levels may be normal as vitamin B-12 may not be removed
as much as other water-soluble vitamins (20,94). There have been
reports of B-12 deficiency in patients on high flux dialyzers and EPO,
and high dose folic acid supplementation may increase requirements
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(92,94,91). Vitamin B-12 levels may decrease as the length of time on
dialysis increases (20). Because vitamin B-12 relies on intrinsic factor
for absorption, it may also be deficient in patients with malabsorption,
partial or total gastrectomy, and intestinal resection (20). A water-
soluble renal vitamin supplement containing thiamine, niacin, biotin,
riboflavin, pantothenic acid and cobalamin is generally recommended
at levels to meet the DRIs for the general healthy population to help
maintain normal levels (see Table 2).

Vitamin C has antioxidant properties, it regulates iron distribution
and storage, and it may help to promote intestinal iron absorption
(33,90,88). Vitamin C levels can be low if not supplemented, as
it is removed during dialysis, and the patient’s dietary intake of
vitamin C may be marginal (88,92). The recommended daily dose of
vitamin C is 60-100 mg. Higher doses can lead to oxalosis resulting
in increased oxalate deposition in soft tissue, which can increase the
risk of kidney stones, myocardial infarction, bone disease and shunt
failure (88,92,94). Whether or not vitamin C supplementation can help
reduce inflammation and oxidative stress is still unclear and research
is ongoing (88). Vitamin C has been shown to reduce leg cramps when
given with vitamin E; however, the long-term safety has not been
established (33,102).

4.2. Fat-Soluble Vitamins

Vitamin A is not removed by dialysis and can accumulate in kidney
failure. Vitamin A levels increase with duration of time on dialysis
but not frequency, and levels are generally two to five times higher in
dialysis patients than in the general population (20,88,103). Elevated
vitamin A levels are thought to be due to the lack of removal of retinol
binding protein (RBP) by the kidney. Toxicity occurs when the amount
of retinol exceeds the binding capability of RBP. Symptoms include
hypercalcemia, anemia, hypertriglyceridemia and increased alkaline
phosphate levels. These symptoms may mimic uremia, and a diagnosis
of toxicity cannot be made without assessing serum vitamin levels (20,
88,103). Vitamin A supplementation is not recommended, and intake
from food and/or supplements should not exceed the DRI. Patients
with malabsorption syndromes may require supplemental vitamin A,
but retinol levels should be checked before initiating therapy and then
monitored regularly to avoid toxicity (88,92,94).

Vitamin E is not removed by dialysis, and levels have been reported
to be low, normal or high (20,90,92). Low serum levels of vitamin E
are thought to be associated with the development of atherosclerosis
in the dialysis population, but research in this area and into the role of
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vitamin E in decreasing oxidative stress is ongoing (88,92). Vitamin
E (400 mcg), given with 250 mg vitamin C, has been shown to reduce
leg cramps in patients receiving maintenance HD (/02). Vitamin E can
cause an increased risk of deep vein thrombosis and a vitamin K-like
responsive hemorrhagic condition in patients taking an anti-coagulant
(20,90,88). Recent research indicates that supplementation >400 U
may increase all-cause mortality in the general population, so amounts
greater that the DRI is not recommended (/04). Vitamin K is not
deficient in patients receiving maintenance dialysis; therefore, routine
supplementation is not recommended (20,90,94). Patients at possible
risk for vitamin K deficiency are those receiving long-term antibiotic
therapy, those eating poorly over an extended period of time or
those patients on unsupplemented total parenteral nutrition (20,90,91).
Excessive vitamin K can interfere with anti-coagulant therapy therefore
pts receiving vitamin K supplements should be closely monitored
(20,92,94). Adequate levels of Vitamin K may play a role in bone
health by decreasing the frequency of bone fractures (105).

4.3. Minerals and Trace Elements

Minerals and trace elements are mainly supplied by diet; however,
serum levels can also be affected by environmental exposure, length
of dialysis, concentrations of the dialysate, poor nutrition, impaired
absorption or age (90,88,91). Many minerals and trace elements are
protein bound so uremia itself may alter levels; however, losses during
dialysis are probably minimal (90,88). Levels of some minerals and
trace elements will be affected by the concentration gradient between
the dialysate fluid and the serum.

Zinc deficiency can lead to taste and smell dysfunction, impaired
wound healing, decreased resistance to infection and sexual dysfunction
(90,88,106). The prevalence of zinc deficiency in patients receiving
maintenance dialysis is not known but can occur, and toxicity is rare
(20,88,106). Zinc is protein bound so levels may be falsely low when
albumin levels are low. Calcium and iron supplements as well as fiber
and alcohol intake can interfere with zinc absorption (90,88,91). These
factors decrease the reliability of using serum zinc alone as a diagnostic
tool for zinc deficiency or for monitoring patients receiving zinc supple-
ments (88,91). Assessment of patient response to supplementation
should use a combination of laboratory levels and changes in clinical
symptoms. Chronic uremia can impair taste acuity; however, controversy
exists as to whether zinc supplementation will improve taste perception
(90,107,108). Short-term zinc supplementation may be beneficial for
wound healing; however, optimal dose levels have not been determined
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(91). Therefore, until more definitive outcomes are determined, the
recommended amount of zinc should not exceed the DRI of 15 mg/day.

Selenium levels have been found to be low in patients receiving
maintenance dialysis and may be associated with low protein intakes
(90,88,109). Selenium supplementation may help improve immune
function by decreasing oxidative stress (90). Toxicity is rare but until
more clinical evidence is established, regular supplementation is not
recommended.

Copper levels have been shown to be normal, and deficiency is
rarely seen unless the patient is receiving long-term parenteral nutrition
with inadequate supplementation (90,88). Serum copper levels can
be affected by excessive intake, or high zinc intakes can interfere
with copper absorption (90,91). Copper supplementation is not recom-
mended for the dialysis patient.

Aluminum does not appear to have any essential function in the
human body, but it is important because of its potential toxicity
in patients receiving maintenance dialysis (88). Age, PTH, citrate,
vitamin D and fluorine may increase aluminum absorption in the gut,
and the length of time on dialysis may increase aluminum levels in
bone (20). Aluminum toxicity in dialysis patients is due to increased
uptake and storage and is associated with dialysis encephalopathy
syndrome, refractory anemia, and a reduction in bone formation leading
to aluminum-induced adynamic bone disease (ABD) or osteomalacia
(20,90,88). A primary source of aluminum is aluminum-containing
antacids, and patients should avoid long-term use of these medica-
tions. However, as stated in the KDOQI Guidelines for Bone Disease,
aluminum-based binders may be used on a short-term basis for patients
with chronic hyperphosphatemia (refer to Chapter 14).

Magnesium levels in maintenance dialysis patients are generally
normal to mildly elevated due to a decrease in gastrointestinal
absorption and the fact that high magnesium-containing foods, such
as green leafy vegetables and legumes, are generally restricted
(20,33). Hypermagnesemia occurs primarily from excessive intake
from drinking water, over-the-counter medications such as antacids or
laxatives, alcoholism, or some phosphorus binders. Magnesium can be
removed using a lower magnesium dialysate (0.75-1.5mEq/L) (20).
Hypermagnesemia can cause hypertension, weakness and arrhythmias.
Long-term hypermagnesemia may cause ABD by suppressing PTH
secretion (33,110). Deficiency can result in muscle weakness, seizures
and arrhythmias and may interfere with the release of PTH leading to
hypocalcemia (20,110). Dietary restrictions are not instituted unless a
patient develops hypermagnesemia and non-dietary sources are ruled
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out. Supplementation is not routinely prescribed unless the patient
develops a magnesium deficiency.

Iron is essential in many metabolic processes including oxygen
transport by hemoglobin and myoglobin. Iron is stored in the liver
as ferritin and transported to cells as transferrin. Iron deficiency is
common in patients receiving maintenance dialysis because of frequent
blood sampling, dialysis-associated losses, decreased availability of
ferritin, losses during surgery and gastrointestinal losses (90,88). EPO
therapy increases RBC production thereby increasing iron utilization
(90,111). Monitoring iron balance using transferrin saturation and
ferritin is important to correct deficiency and prevent iron overload.
Patients with CKD are unable to obtain adequate iron from diet alone,
and oral iron supplementation may not be effective as absorption can
be decreased by the presence of an inflammatory state, iron stores,
age, sex, timing of supplement administration and simultaneous use of
iron inhibiting medications such as calcium (//71-113).

Intravenous (IV) iron is usually administered during HD and when
oral therapy in PD has failed. IV iron therapy has less gastrointestinal
side effects and is more efficient. Iron management in PD is similar
to recommendations for HD except that patients are brought in-center
for an IV iron infusion (41,88). See Chapter 13 for an in-depth review
of anemia management.

5. SUMMARY

Diet is an essential component in the treatment of the maintenance
dialysis patient. The diet for stage 5 CKD presents many challenges for
the patient receiving maintenance dialysis that include lifestyle changes
in food choices and preparation, adjusting to taking new medications,
such as phosphorus binders with meals, and possibly having to combine
the renal diet with other dietary modifications such as diabetes. The diet
must be individualized for each patient to help promote adherence and
maintain an optimal intake while balancing protein, sodium, potassium,
phosphorus and fluid requirements. There are a variety of educational
materials available to help educate both the patient and the professional.
The National Kidney Foundation and the American Dietetic Associ-
ation provide both patient and professional educational material in the
area of kidney disease that can be accessed online or by contacting
the organizations. Understanding the different types of RRT and their
nutritional implications are important in maintaining nutritional status
and improving outcomes. Nutrition therapy should involve routine
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nutrition assessment, ongoing monitoring of biochemical parameters
and individualized patient nutrition education.

6. CASE STUDY

CT is a 34-year-old male, self-employed graphic designer who
presents for training on CAPD after transferring from HD at another
unit following failure of his 13-year-old kidney transplant. He has
a history of esophageal reflux and hypertension. CT lives alone and
his reported appetite is fair. He notes an 81b weight loss prior to
starting HD and now complains of occasional indigestion stating food
occasionally feels like it is lodged in his throat producing a feeling of
choking. Height: 6’2", weight 1821b (82.7 kg), estimated dry weight
1821b (82.7 kg), usual weight 1901b (86.4 kg). Medications: prenatal
vitamin, Tums as needed, 10 mg prednisone, 2 (400 mg) sevelamer
(Renagel) as phosphorus binder three times a day with meals. Initial
labs: Ca+ 9mg/dL, P4+ 6.3 mg/dL, Na— 141 mEq/L, K+ 4.7 mEq/L,
Chol 102mg/dL, BUN 39mg/dL, Cr 7.8 mg/dL, Alb 3.4 g/dL, CO,
22 mEg/L, Kt/V 2, urine output = 1500 mL. CAPD prescription: 7.5 L
of 1.5% dextrose plus 2.5 L of 2.5% dextrose. Twenty-four hour diet
recall indicates patient consumes an estimated 1800-2000kcal and
70-80 g protein over three meals with an occasional snack. CT does
not use the salt shaker at the table and has had difficulty decreasing
his dairy intake. Estimated sodium intake is 2000-2500 mg, potassium
3000 mg and phosphorus 1800 mg.

After 3 months on PD, patient complains of increased dysphagia
and decreased oral intake. There has been no change in the CAPD
prescription. Weight 1801b (81.8kg). Lab: Ca+ 8.6mg/dL, P+
3mg/dL, Na— 142mEq/L, K+ 2.8mEq/L, BUN 28mg/dL, Alb
3.1g/dL, Total Protein 6.1 g/dL, Chol 110mg/dL, Kt/V 2.1, urine
output 1400 mL. The patient is referred for a barium swallow that
indicates a severe hiatal hernia and Schatzki’s ring. CT had an
esophageal dilation and dysphagia resolved. After 1 year on PD, CT’s
UF declines leading to poor clearance and fluid retention. He complains
of early satiety, nausea, severe anorexia and develops 3+ edema to the
knee. Use of diuretics and 4.25% dextrose is unsuccessful. A repeat
Kt/V has dropped to 1.4. CT is switched to conventional HD on a
3.5mEq calcium and 2 mEq potassium bath. After 1 week of HD,
his appetite begins to improve and his labs are Ca+ 9.5 mg/dL, P+
6 mg/dL, Na— 128 mEq/L, K+ 5.8 mEq/L, BUN 44 mg/dL, Cr 8 mg/dL,
Alb 3 g/dL, CO, 24 mEqQ/L, Chol 150 mg/dL, urine output 500 mL, 1+
edema, weight 184 1b (83.6 kg), estimated dry weight 1821b (82.7 kg).
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6.1. Case Questions and Answers
1.

What are CT’s estimated calorie and protein needs for CAPD? Using
the simple formula for estimating glucose, how many calories is CT
getting from his dialysate?

What are the diet recommendations for CT for CAPD based on his
weight and initial labs?

. Are CT’s medications at the start of CAPD appropriate? Any recom-

mendations for changes?
At 3 months, what diet and or medication changes are indicated for
CcT?

. When CT changes his treatment modality to HD, what dietary modifi-

cations are necessary based on weight and laboratory data?
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Discuss nutrient recommendations for adult kidney transplantation

during acute and chronic post transplant phases.
Address post-transplant complications and their diagnosis and
management.

. Identify side effects of immunosuppressive therapy and recommend

nutritional interventions.

Summary

Kidney transplantation is the preferred method of treatment for patients
with stage 5 chronic kidney disease (CKD), and it is the most common
solid organ transplant. Nutritional care of the kidney transplant recipient is
a dynamic process. It involves the integration of clinical guidelines related
to the care of CKD. A complete evaluation of the patient’s nutritional status
before transplantation is imperative to identify deficits and correct abnormalities.
Continual reassessment of the nutrition goals and efficacy of medical nutrition
therapy (MNT) will enable the adjustment of nutrition priorities during different
phases of kidney transplant care. The registered dietitian is a valued member
of the transplant team and, by providing timely MNT, he/she can enhance
the transplant recipient’s ability to prevent or minimize the nutrition-related
complications.
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1. INTRODUCTION

Kidney transplantation has become a viable option for patients
with chronic kidney disease (CKD). Although the number of deceased
donor transplants has been rising in recent years, there has been an
increase in living-related and non-related organ donation. In 2005, there
were 9357 deceased donor transplants and 6563 living donor trans-
plants; however, there are currently 66,402 individuals on the United
Network for Organ Sharing (UNOS) waiting list (/). Insufficient organ
donation accounts for the discrepancy between the number of recip-
ients and candidates. Advances in surgical technique and immunosup-
pressive agents have led to significant improvements in morbidity and
mortality.

Adequate nutrition is essential for the well-being of kidney trans-
plant patients. To minimize nutrition depletion and optimize nutri-
tional status, a complete and thorough evaluation by a registered
dietitian (RD) should be performed. The evaluation should integrate
the patient’s complex medical condition related to CKD and the
impact of ongoing therapeutic interventions on the patient’s nutri-
tional status. Providing adequate nutrition and reducing the long-
term side effects are essential for graft survival in kidney transplant
recipients.

There are three treatment phases to consider when providing care to
kidney transplant recipients (2). In the pre-transplant phase, the goal
is to meet current education and nutrition needs, optimize the patient’s
nutritional status, and assist the patient in achieving desirable body
weight based on the transplant facility guidelines. In the acute post-
transplant phase (up to 8 weeks after transplantation), the goal is to
support the increased metabolic demands of surgery and high-dose
immunosuppressive therapy.

During the chronic post-transplant phase, the goal is to manage long-
term complications related to immunosuppressive therapy, especially
in individuals genetically predisposed to diabetes and cardiovascular
disease (3,4).

2. THE PRE-TRANSPLANT PHASE

Many of the chronic diseases that have caused kidney failure can
negatively affect nutritional status and lead to malnutrition and vitamin
and mineral deficiencies. A complete evaluation of the patient’s nutri-
tional status by a RD is imperative to optimize nutritional status,
identify deficits, and, when possible, to correct these before kidney
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transplant surgery. It is important to remember that the candidates for
kidney transplantation have been subjected to the effects of a chronic
disease, and that not all deficiencies identified can be corrected without
organ replacement.

When assessing the nutritional status of patients undergoing kidney
transplantation, a combination of objective and subjective param-
eters should be used. The pre-transplant evaluation should include a
medical and dietary history, medication review, anthropometric data,
biochemical indices of nutritional status, evaluation of gastrointestinal
(GI) issues, and dietary supplement intake including vitamin, mineral,
and herbal formulations. The dietitian can then assess the nutritional
needs and develop a nutrition care plan. The nutritional recommen-
dations will be individualized based on the type of renal replacement
therapy.

The impact of nutrition on kidney transplant outcomes has not
been well defined in the literature. The effect of obesity on kidney
transplant outcomes continues to be controversial. Obesity seems to
influence delayed graft function (DGF), graft, and patient survival.
A body mass index (BMI) >35kg/m? is significant for greater post-
transplant complications, especially new onset transplant diabetes
mellitus (DM), wound complications, and post-transplant weight gain
(5,6). After kidney transplantation, weight typically increases due to
improved appetite and reversal of the uremic state. Attempts to identify
individuals at risk for transplant weight gain should be made in the pre-
transplant evaluation, when a comprehensive approach to prevention
can be implemented.

Due to the limited availability of organs, the selection of trans-
plant candidates who are likely to have a positive outcome remains
an important issue. Both deceased donor transplant and living donor
transplant recipients should meet specific weight criteria prior to trans-
plantation. These criteria vary by medical facility, but the scientific
literature indicates that the patient should have a BMI greater than 22,
but less than 35 (5,6).

Weight reduction may be required if the prospective candidate fails
to achieve the target weight based on the criterion set by the transplant
center. Successful weight loss can be achieved by targeting the complex
behavioral, nutritional, and medical aspects of obesity. Future clinical
trials should evaluate if weight modification can favorably impact
outcomes in underweight and obese kidney transplant patients and if
pharmacologic agents or surgical treatment for obesity are potential
options.
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3. THE ACUTE POST-TRANSPLANT PERIOD

3.1. Nutritional Requirements

The nutrition recommendations for adult kidney transplantation are
summarized in Table 1. Nutrient requirements are increased during the
acute post-transplant phase due to increased metabolic demands from
surgery and high-dose immunosuppressive therapy.

3.1.1. PROTEIN

The increase of nitrogen losses in the immediate postoperative
period may be due to surgical stress, administration of large doses of
corticosteroids, muscle catabolism, and pre-existing malnutrition (7).
Daily protein recommendations for patients with functioning grafts or
those requiring temporary dialytic support are estimated at 1.3-2 g/kg
of dry body weight or adjusted weight (8).

3.1.2. ENERGY

Caloric requirements during the post-transplant recovery phase are
higher than long-term caloric needs. Energy needs may be increased
due to fever, infection, surgical stress, or high-dose corticosteroid
therapy. Caloric requirements can be estimated by using 30-35 kcal/kg
dry body weight or weight adjusted for obesity (9). This recommen-
dation seems adequate for maintaining or achieving neutral nitrogen
balance. Estimation of energy needs can also be calculated using
the Harris—Benedict equation to determine basal energy requirements,
multiplied by a stress factor of 1.3-1.5 (70).

3.1.3. CARBOHYDRATE

Glucose intolerance is common before and after transplantation.
New onset diabetes after transplantation (NODAT) can result from
immunosuppressive treatment, surgical stress, genetic predisposition,
obesity, increased age, and infection (/7). Hyperglycemia may be
short-lived during this acute period and can be managed with
exogenous insulin or oral hypoglycemic agents, as well as a
carbohydrate-controlled diet. Complex carbohydrates may provide up
to 70% of the estimated energy requirements (/0).

3.1.4. FAT

During the acute postoperative period, diet modification for fat is
not warranted. The amount of fat is only limited by the appropriate
energy level and often provides up to 30% of the total energy, with
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intake of saturated fat limited to 10% of energy (/0). Dyslipidemia is
usually addressed during the chronic post-transplant period. Nutrition
education in the acute period should introduce the importance of a
“heart-healthy” lifestyle.

3.1.5. Soprum

Sodium intake should be limited in the acute postoperative phase in
the presence of poor allograft function or post-transplant hypertension.
Some immunosuppressive medications can cause the development of
hypertension and fluid retention, which may necessitate a 2—4 g/day
sodium restriction (12).

3.1.6. POoTASSIUM

Dietary potassium restriction of 2-4g is indicated if serum
potassium levels are elevated. Poor graft function, as well as impaired
potassium excretion associated with cyclosporine immunosuppression
and potassium-sparing diuretics, may contribute to hyperkalemia (13).
Hypokalemia may also occur in kidney transplant recipients due to
potassium-wasting diuretics.

3.1.7. VITAMINS, MINERALS, AND TRACE ELEMENTS

Vitamin and mineral supplementation in the acute post-transplant
phase should be individualized, depending on preexisting medical
conditions and dietary intake.

Information about the effect of kidney transplantation on trace
elements is scarce. Because patients receiving maintenance dialysis
may be have abnormal zinc metabolism, it may beneficial to monitor
these levels (14,15).

Hypomagnesemia has been reported in kidney transplant recipients
treated with cyclosporine A (CsA), and serum magnesium levels should
be monitored regularly and supplemented if indicated (76).

3.1.8. HERBALS

Herbal products and botanicals are very popular in the United
States (/7,18). Some herbal preparations like Ginseng are promoted to
enhance the immune system which theoretically may increase the risk
of organ rejection. Others, like St. John’s Wort, can cause drug—drug
interactions, requiring higher doses of immunosuppression to maintain
trough levels (19). The use of herbals and botanicals in the transplant
population is contraindicated (refer to Chapter 22).
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4. COMMON PROBLEMS POST-TRANSPLANT
IN THE ACUTE CARE SETTING

4.1. Hyperglycemia

The prevalence of DM is greater among patients with solid organ
transplants than in the general population. Insulin resistance is a
common post-surgical complication due immunosuppressive therapy
with corticosteroids, tacrolimus, and cyclosporine (20). Prior personal
or family history of DM and obesity predisposes a patient to insulin
resistance, especially during the period of high-dose corticosteroids
used during the initial postoperative days or during treatment for
acute rejection (6/). Oral hypoglycemic agents or insulin therapy
combined with nutrition intervention may be necessary for glycemic
control.

4.2. Gastrointestinal Issues

There is an increased incidence of GI complications in kidney trans-
plant recipients due to infections, mucosal injury, and ulceration, which
can manifest anywhere in the GI tract from the mouth to the anus.
Oral lesions may be caused by viral and fungal infections or can
be a side effect from cyclosporine or sirolimus. The most common
esophageal disorder is fungal esophagitis, which is caused by candida
(21). Transplant programs typically prescribe prophylactic antifungal
agents to prevent fungal infections. Other gastroduodenal disorders
are caused by cytomegalovirus and herpes simplex infection (22,23).
Bacterial infections of the GI tract are also diagnosed in the transplant
recipient and include Clostridium difficile colitis. Symptoms include
diarrhea and abdominal tenderness and usually respond to appropriate
medical treatment (2/). Diarrhea is a frequent disorder, which may
be caused by pathogen microorganisms or by immunosuppressive
agents.

Several factors can be responsible for ulcer formation after trans-
plant and include the administration of corticosteroids and a prior
history of peptic ulcer disease. Although the incidence is low,
the stress of surgery, nonsteroidal anti-inflammatory drugs, corti-
costeroids, or immunosuppression may impact the formation of
ulcers after renal transplantation (24). One study documented a 70%
incidence of Helicobacter pylori and a 65% incidence of gastritis
(25). Transplant candidates need to be evaluated for H. pylori
if there is no other obvious indication for peptic ulcer disease.
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Some transplant programs prescribe prophylactic histamine-2 receptor
blockers.

4.3. Hypophosphatemia

Abnormalities of serum phosphate levels occur even with stable,
functioning allografts. Hypophosphatemia can occur when the
glomerular filtration rate normalizes in transplant recipients with preex-
isting hyperparathyroidism (26). Other causes of hypophosphatemia
include the use of phosphate binders or calcium supplements with
meals, or an inadequate phosphorus intake (27). If phosphorus levels
remain suboptimal after correcting for obvious causes, supplemen-
tation may be indicated. Some phosphorus supplements such as
Neutraphos-K contain appreciable amounts of potassium and require
close monitoring of serum potassium levels (27).

4.4. Hyperkalemia

Hyperkalemia can develop because of poor graft function,
cyclosporine therapy, and cell lysis related to the catabolic effect
of both surgery and corticosteroids. Nutritional interventions should
include restriction of potassium intake and the provision of adequate
calories and protein to minimize catabolism (28). An increased dietary
phosphorus intake, which may be prescribed to treat hypophos-
phatemia, can also contribute to hyperkalemia.

4.5. Inadequate Intake

Successful kidney transplantation corrects anorexia and uremia
typically observed in the patient with CKD. Kidney transplant recip-
ients normally consume an oral diet. There are a few patients whose
post-surgical experience is more complicated due to a temporary loss
or a slow return of appetite. In these cases, nutritional intervention to
facilitate surgical recovery is the priority and may include nutritional
supplementation and/or specialized nutrition support.

Nutritional support is rare after kidney transplantation. If a patient is
unable to meet his/her metabolic demands orally and has a functional
GI tract, standard high-nitrogen tube feedings should be initiated.
Nutrient-dense enteral formulas may be indicated in the event of
poor allograft function with volume overload. If parenteral nutrition is
required, the formula should be tailored to consider allograft function,
urine output, electrolytes, and type of renal replacement therapy (refer
to Chapter 11).
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5. THE CHRONIC POST-TRANSPLANT PHASE

The nutrition goals of the chronic post-transplant phase are to
provide adequate nutrition, prevent infection, and manage long-term
nutritional complications. During the chronic post-transplant phase,
overnutrition may lead to transplant complications, including obesity,
hyperlipidemia, DM, and hypertension. Providing adequate nutrition
and reducing the long-term side effects are essential for allograft
survival among kidney transplant recipients.

5.1. Nutritional Requirements

Kidney transplant recipients without complicating factors can enjoy
a dietary regimen consistent with guidelines for the healthy population,
addressing specific issues as needed. In general, the diet is moderate
in sodium and based on the patient’s blood pressure and presence of
edema. Sodium intake can range from 2 to 4 g or a no-added-salt diet
depending on the medical condition of the patient. The dietary recom-
mendations for fat intake should be less than 30% of total calories. It
is prudent to have a protein intake of 0.8—-1 g/kg of dry body weight
or adjusted body weight. Energy requirements can be calculated using
the Harris—Benedict equation to determine basal energy requirements,
multiplied by a stress factor of 1.3 and modified based on weight
management.

5.1.1. CALcIuM

Preexisting secondary hyperparathyroidism after kidney transplan-
tation has been cited in the literature (29-317). Post-transplant hyper-
parathyroidism is present in 43% of long-term renal transplant patients
with normal serum creatinine (32). The 1,25-dihydroxy vitamin D
levels can be suboptimal in transplant candidates and remain abnormal
for at least 6 months following transplantation (33).

Long-term corticosteroid therapy with resultant inhibition of bone
formation and the stimulation of bone resorption can also cause
osteoporosis (3/). Corticosteroids decrease the intestinal absorption
of elemental calcium by approximately 42%. The amount of calcium
excreted in the urine is also increased with corticosteroid therapy (34).
Some transplant centers individualize calcium and vitamin D supple-
mentation to maintain bone mineral metabolism.

5.1.2. VITAMINS AND MINERALS

Typically, vitamin supplementation is not required after kidney
transplantation if patients regularly consume a balanced and adequate
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diet. However, some transplant programs recommend a general multi-
vitamin with supplemental minerals.

6. PHARMACOLOGY UPDATE

Advances in immunosuppressive therapies have greatly improved the
success of kidney transplantation. Immunosuppression is used to prevent
rejection and maintain long-term graft survival. The typical immuno-
suppressive regimen consists of a calcineurin inhibitor (cyclosporine
and tacrolimus), an anti-proliferative agent (azathioprine and mycophe-
nolate mofetil), and corticosteroids (prednisone) (39). In multi-drug
therapy, each drug mediates the immunocompetence cascade at a
different point. The mechanism of immunosuppression is to inhibit
the adaptive immune response while allowing nonspecific immune
functions to remain intact (35). Immunosuppressive agents also have
non-immunologic side effects. The common use of multi-therapy
regimens is an attempt to use lower doses of individual agents to minimize
associated side effects. Unfortunately, this therapy has yet to be perfected
and standard immunosuppressive regimens are being challenged as
novel immunosuppressive regimens are being investigated (Table 2).

6.1. Cyclosporine A (Sandimmune/Neoral)

CsA (Novartis Pharmaceuticals Corporation, St. Louis, MO 63166-
6556) is a calcineurin inhibitor that was considered the gold standard
for maintenance immunosuppression (36). CsA selectively inhibits
adaptive immune responses, but has several side effects, which may
include gingival hyperplasia, GI disturbances, hyperglycemia, hyper-
kalemia, hypophosphatemia, hypomagnesemia, hepatotoxicity, and
nephrotoxicity. This drug is absorbed in the upper small intestine and
can be affected by food, drug—drug interactions, bile flow, and the
lipoprotein and hematocrit status (37). Due to the nephrotoxic side
effects, CsA peak and trough levels and kidney function are closely
monitored. Neoral (Novartis Pharmaceuticals Corporation, 63166-
6556) is a microemulsion preparation of CsA and has better absorption
because it is not dependent on bile. There are usually fewer side effects
with Neoral.

6.2. Tacrolimus (Prograf/FK506)

Tacrolimus (Fujisawa Healthcare, Inc., Chantilly, VA) is also a
calcineurin inhibitor but is 10-100 times more potent than CsA (38).
Whereas both tacrolimus and CsA inhibit interleukin-2 (IL-2) synthesis
and release, each displays a different mechanism at the cellular level.
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The ingestion of food with tacrolimus affects the rate and extent of the
absorption of the drug. Side effects include insulin resistance, hyper-
kalemia or hypokalemia, hypophosphatemia, and hypomagnesemia, as
well as GI distress including anorexia, nausea, vomiting, and diarrhea
or constipation.

6.3. Mycophenolate Mofetil (CellCept/RS-61443)

Mycophenolate mofetil (Roche, Centerville, VA, 20120) is mainly
used as an adjunctive agent in multi-therapy protocols with CsA, corti-
costeroids, or tacrolimus. The primary effect on the immune system
is to inhibit T-cell proliferation (35). There are several side effects of
this drug, but the most common involves GI distress with diarrhea,
nausea, or vomiting.

6.4. Sirolimus (Rapamycin/Rapamune)

Sirolimus (Rapamune, Wyeth Pharmaceuticals, Philadelphia, PA
19101) is a macrolide antibiotic that is structurally similar to
tacrolimus and inhibits the proliferation of immune cells. Potential
side effects include dyslipidemias (hypertriglyceridemia and hyper-
cholesterolemia), increased liver enzymes, delayed wound healing, and
hypokalemia. When sirolimus is used in combination therapy with CsA
and corticosteroids, the dyslipidemias can be further exacerbated (40).

6.5. Azathioprine (Imuran)

Azathioprine (Faro Pharmaceuticals, San Diego, CA 92121) is a
nonspecific immunosuppressant whose mode of action is to inhibit
the proliferation of immunocompetent cells. It is typically used in
multi-drug therapy and may be administered intravenously or orally.
Common GI side effects include diarrhea and cholestasis (20).

6.6. Corticosteroids (Prednisone, prednisolone,
methylprednisone, Solu-Medrol, and Solu-Cortef)

The most commonly prescribed corticosteroids used in transplant
programs include prednisone and methylprednisolone, which have anti-
inflammatory properties and inhibit the production of lymphokines.
This class of immunosuppressants can be administered in either high
oral or parenteral doses for acute rejection or as oral pulse doses, which
are then tapered to maintenance levels or in some cases discontinued
(41,42). Associated side effects are believed to be dose-dependent and
may include impaired wound healing, avascular necrosis of long bones,
upper GI ulceration, protein catabolism, hypertension, steroid-induced
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DM, cataract formation, and stimulation of appetite with resultant
weight gain, among others (43).

6.7. Other Agents

Monoclonal antibodies (muromonab-CD3, Orthoclone OKT3, Ortho
Biotech, Bridgewater, NJ 08807-0914) and antithymocyte globulin
(Genzyme, Cambridge, MA 02142), are examples of immunosuppres-
sants used either perioperatively for induction therapy or for acute
rejection episodes. These agents can cause GI distress as well as
flu-like symptoms, and appropriate adjustments in nutritional therapy
should be made (35). Daclizumab (Zenapax), Roche, is a genetically
engineered monoclonal antibody that is an IL-2 receptor antagonist.
This medication can be combined with traditional immunosuppressive
therapy. There are no known side effects associated with this drug (44).
Another IL-2 antagonist without known side effects is Basiliximab
(Simulect), Roche. It is used in combination therapy with CsA and
corticosteroids. This medication is administered preoperatively and can
be administered on the fourth postoperative day (45).

Balanced control of the immune system with immunosuppressive
therapy is the cornerstone of graft survival. Dietitians should
provide important nutrition education to assist transplant recipients in
preventing and controlling side effects from their immunosuppressive
therapy.

7. LONG-TERM CARE CHALLENGES

7.1. Cardiovascular Disease

Cardiovascular disease is the leading cause of death after kidney
transplantation, with an incidence considerably higher than that in the
general population due to the high prevalence and accumulation of
classical risk factors before and after transplantation. The treatment of
risk factors must be introduced early in the course of kidney failure and
continued following transplantation. The cardiovascular risk factors
that accompany post-renal transplantation include an atherogenic lipid
profile, hypertension, DM, chronic prothrombotic state, and obesity
(46,47).

Dyslipidemias following kidney transplantation are common.
Approximately 70% of kidney transplant recipients will experience
serum lipid abnormalities during the post-transplant course (46).
Contributing factors for dyslipidemias include immunosuppressive
therapy (CsA, corticosteroids, tacrolimus, sirolimus, etc.), graft
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dysfunction, obesity, diuretic or antihypertensive drug therapy, age,
gender, DM, and proteinuria.

Although most risk factors cannot be corrected, diet and obesity
are two factors that may be modified. Therapeutic lifestyle changes
should be considered as a first step in the treatment of obesity and lipid
disorders and involves reducing intake of saturated fat and cholesterol,
increasing physical activity, and maintaining a healthy weight (47).
Lipid profiles can improve with dietary intervention, but often patients
still require lipid-lowering medications to reach target lipid levels as
suggested by the Adult Treatment Panel guidelines (47). The HMG-
CoA reductase inhibitors are prescribed for treatment of post-transplant
hyperlipidemia in combination with therapeutic lifestyle changes (48).

Hyperhomocysteinemia has been reported in kidney transplant recip-
ients (49-54). The mechanism for elevated homocysteine levels in
transplant recipients is unknown, but factors such as inadequate folate
status or renal dysfunction have been identified. It has also been
reported that CsA can interfere with the folate-assisted remethylation
of homocysteine (55). Folate supplementation can be an effective
intervention in reducing homocysteine levels in renal transplant
recipients (54).

7.2. Obesity

The negative impact of obesity on kidney transplant outcomes is
well established. Weight gain following kidney transplantation can
occur in both obese and non-obese patients, which adversely effects
blood pressure, glucose metabolism, and lipids, thereby contributing
to atherosclerosis (56). The cause of post-transplantation weight gain
is multifactorial and includes hyperphagia from steroid administration,
elimination of the cachectic effects of dialysis, lack of physical activity,
genetic predisposition, age, gender, and race (57,58).

Weight management is a difficult challenge. Lifestyle changes
involving diet, behavior modification, and physical activity are the
cornerstone of successful weight control. In one study, the effect of
early intensive dietary intervention on recently transplanted kidney
patients showed reduced weight gain (59). Future studies should inves-
tigate whether pre-transplant and post-transplant weight reduction can
favorably impact outcomes.

Few studies have evaluated the impact of exercise following kidney
transplantation (60). Physical activity offers significant health benefits,
including the reduction of cardiovascular risk factors, improvement in
diabetes management and bone health, and weight management. Patients
are typically cleared to resume exercise 6 weeks after transplant.
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7.3. New Onset Diabetes After Transplantation

NODAT is associated with DGF, graft failure, and infection (62,63).
The incidence of post-transplant DM reported in the literature ranges
from 3 to 20% (62). The etiology of NODAT is multifactorial and
includes genetic predisposition, diabetogenic effects of immunosup-
pressant, age, gender, post-transplant weight gain, and ethnicity (63).

NODAT is diagnosed when the serum glucose is higher than
200mg/dl or fasting plasma glucose is greater than or equal to
126 mg/ml (63). Nutritional management of NODAT typically includes
a carbohydrate-controlled diet, exercise, and weight management.
Hypoglycemic agents may also be prescribed.

7.4. Hypertension

Hypertension occurs in 90% of kidney transplant recipients (64,65).
The etiology of hypertension is multifactorial and includes impaired
renal function, use of calcineurin inhibitors, uncontrolled renin
secretion from the native organ, stenosing lesions of the transplant
artery, genetic predisposition, and obesity (65). Mild hypertension can
accelerate the loss of allograft function and impact the survival of
the transplant recipient (65). Antihypertensive treatment may include
sodium modification, weight management, diuretics, and calcium
channel blockers.

8. GENERAL CONSIDERATIONS

8.1. Interactions

Grapefruit juice and grapefruit products can affect absorption of
certain medications and should not be consumed by patients taking
calcium channel blockers, some immunosuppressants, antilipemics,
and estrogen products. Grapefruit products inhibit the cytochrome
P450 isoenzyme CYP3A4 mechanism in the GI tract. The pharmacoki-
netics of cyclosporine demonstrates intraindividual variability when
this medication was administered with grapefruit (66). The duration
of the effect of grapefruit juice can last 24 hours, and with repeated
intake, it can have a cumulative effect (67).

8.2. Food Safety

Foodborne infections are common and sometimes can be life-
threatening (68). There are currently 250 known foodborne diseases,
but information is limited on the incidence of infection from food
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sources in the immunosuppressed patient (68—71). Transplant recip-
ients infected with foodborne microorganisms exhibit symptoms
ranging from mild intestinal distress to severe dehydration, which
can jeopardize immunosuppression. Given the increased prevalence of
foodborne outbreaks, nutrition education post-transplant should include
guidelines on food safety.

9. CONCLUSION

The nutritional interventions associated with kidney transplantation
vary according to the phase of care as well as the nutritional status
of the transplant recipient. The RD provides nutritional assessments
and interventions throughout the transplant process for recovery and
maintenance of transplant function. The RD should also monitor the
patient for general health issues and comorbidities, such as DM,
obesity, and lipid disorders, and provide MNT. The RD is a valued
member of the transplant team and, by providing timely MNT, he/she
can enhance the transplant recipient’s ability to prevent or minimize the
nutrition-related complications. The entire team should be encouraged
to participate in educational activities to increase successful patient
outcomes.

10. CASE STUDY

B.G. is a 65-year-old BM with CKD stage 5 due to type 2 DM.
The patient was diagnosed with diabetes for 25 years and HTN for 12
years. The patient had been receiving hemodialysis for 3 years. The
transplant selection committee placed qualifying criteria of a 20-pound
weight loss prior to surgery. He achieved this goal weighing in at 246
pounds, and is now 6 weeks post-deceased donor kidney transplant
surgery with a healing incision.

The patient regularly checks his blood glucose levels three times a
day pre-meal to assess need for dosing of exogenous insulin, per his
history of blood sugars logged in his glucometer. Both the patient and
his wife attended DM education classes approximately 10 years ago.
Prior to transplant, his HgbA 1C (glycated hemoglobin) was 6.6% with
use of thiazolidinedione and sulfonylurea. He has been taking Lipitor
for 6 years, at which time he also quit smoking.

His retinopathy has been treated with laser surgery, and vision
is adequate but marginal. Digestion has shown variability between
constipation and/or diarrhea, but more recently consistent diarrhea.
His ability to exercise is compromised by neuropathy, but he does
periodically walk at a recreation center.
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Labs (6 weeks

Anthropometrics s/p transplant) Medications
Height :5" 11" Glu 250 mg/dl Prednisone 20 mg qd
without shoes (non-fasting)
Frame: large HgbAlc 8.1% Cellcept 250 mg, 4 bid
Weight: 2601b, Creat 1.8 mg/dl Prograf, 1 mg bid
edema 2+ BUN 25 mg/dl Oscal 500 Plus D, tid
K+ 6.1 mEq/L MVI supplement
CO, 20mEq/L Toprol XL
Phos 2.0 mg/dl Neurontin, 100 mg tid
Ca 8.5mg/dl Nexium, 40 mg qd
Mg 1.8 mg/dl Neutra-Phos bid
Alb 3.4¢g/1 (no MagTab SR
proteinuria )
Chol 273 mg/dl Lantus, 20 units q PM
HDL 36 mg/dl Regular insulin

TG 352 mg/dl
LDL 128 mg/dl

He has a supportive wife who works part-time in a billing office, and
two adult children who have families out of town. His wife prepares
meals, avoids added salt and high sodium seasonings. She also assists
patient with some self-care issues regarding his DM. The church
community has shown support during their more stressful situations
and sometimes provides meals to the family.

10.1. Case Study Questions

What are this patient’s protein and calorie needs?

Are there suggestions which may help his digestive concerns?

What types of exercise might be appropriate for this gentleman?
How could calcium/phosphorus balance be improved?

What glycemic control issues could be addressed?

Is the patient on an appropriate multivitamin/mineral (MVI) product?
Could patient’s edema be related to diet?

What are some factors that could be affecting patient’s serum potassium?
How would you deal with patient’s hyperlipidemia?

ORI NA LD =
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1 1 Protein-Energy Malnutrition

Kamyar Kalantar-Zadeh

LEARNING OBJECTIVES

1. To recognize the prevalence of protein-energy malnutrition, its
potential causes and its association with inflammation, anorexia,
anemia and other untoward conditions in chronic kidney disease
stage.

2. To describe the epidemiologic association between the markers of
protein-energy malnutrition, such as hypoalbuminemia, and cardiovas-
cular disease and poor survival in dialysis patients.

3. To identify the tools and measures used to assess the protein-energy
malnutrition in stage 5 chronic kidney disease and their limitations.

4. To recognize current and emerging treatment modalities for protein-
energy malnutrition in dialysis patients.

Summary

Protein-energy malnutrition is common in stage 5 chronic kidney disease
(CKD) and usually associated with anorexia, chronic inflammation, kidney
disease wasting (KDW), refractory anemia and poor outcome including high
risk of cardiovascular disease and death. Uremia, endocrine and gastroin-
testinal disorders, and oxidative and carbonyl stress may engender this type
of malnutrition. The dialysis treatment and techniques may also contribute to
the protein-energy malnutrition. The term Malnutrition-Inflammation-Cachexia
Syndrome (MICS) underscores the close link between the protein-energy malnu-
trition and inflammation and their concomitant contribution to the KDW. The
MICS is associated with poor short-term survival and may result in paradoxical
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associations between some cardiovascular risks, and such relationships are
continuing to be studied in the emerging theory known as the obesity paradox or
“reverse epidemiology.” Four major nutritional evaluation categories in dialysis
patients include the assessment of nutritional intake, body composition and
laboratory markers and the nutritional scoring systems. Dietary supplements
and nutritional and pharmacological interventions that can stimulate appetite,
mitigate inflammation and enhance protein and energy intake may improve
survival in patients with stage 5, CKD although scientific evidence for or against
such effects are currently inadequate.

Key Words: Protein-energy  malnutrition, — anorexia, — Malnutrition-
Inflammation-Cachexia Syndrome, kidney disease wasting, cardiovascular
disease, reverse epidemiology.

1. INTRODUCTION

Among individuals with stage 5 chronic kidney disease (CKD)
who undergo maintenance dialysis treatment to survive, currently one
out of every five people dies each year in the United States. This
unacceptably high mortality rate has not changed substantially in recent
years despite many advances in dialysis techniques and patient care
(1). Maintenance dialysis patients also have a high hospitalization rate
and a low self-reported quality of life (2). Cardiovascular diseases
comprise the bulk of morbidity and mortality in dialysis patients (3).
The dialysis-dependent stage 5 CKD population grows constantly and
fast, reaching over half a million by 2010 in the United States (4),
and continues to consume a disproportionately large component of the
Medicare budget; hence, identifying factors that lead to poor dialysis
outcome and their successful management is of outmost importance
(5). It was once believed that the traditional cardiovascular risk factors
and/or conditions related to dialysis treatment and technique are the
main causes of poor clinical outcome; however, recent randomized
controlled trials have failed to show an improvement of mortality by
lowering serum cholesterol (the 4D Trial) (6) or increasing dialysis
dose [the HEMO (7) and ADEMEX (8) studies]. Evidence suggests
that conditions other than the traditional cardiovascular risk factors
must be related to the enormous cardiovascular epidemic and high
death rate in this population. Among the potential candidates for the
poor clinical outcomes in maintenance dialysis patients, the protein-
energy malnutrition continues to be at the top of the list. Epidemiologic
studies have repeatedly and consistently shown a strong association
between survival and measures of nutritional status in maintenance
dialysis patients (9,10).
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2. PROTEIN-ENERGY MALNUTRITION:
DEFINITION AND ETIOLOGY

A workable definition of protein-energy malnutrition in CKD
was recently presented as “Protein-energy malnutrition is the state
of decreased body pools of protein with or without fat depletion
or a state of diminished functional capacity, which is caused at
least partly by inadequate nutrient intake relative to nutrient demand
and/or which is improved by nutritional repletion in patients with
CKD” (11). Hence, the protein-energy malnutrition is engendered
when the body’s need for protein or energy fuels or both cannot be
satisfied by the current dietary intake. Various studies using different
criteria have been used to establish the presence of protein-energy
malnutrition in the dialysis population. Its reported prevalence varies
between 18 and 75% among dialysis patients according to the type
of dialysis modality, nutritional assessment tools and the origin of
patient population (/2,13). Although per definition the protein-energy
malnutrition should not involve micronutrients that are indeed believed
to be adequate or even abundantly retained in the setting of renal
insufficiency, many protein-energy malnourished dialysis patients may
also have a relative deficiency in vitamins and trace elements (/4)
(see Chapters 4 and 9).

The etiology of protein-energy malnutrition in dialysis patients is
not clear, but some probable causes are listed in Table 1 and shown
in Fig. 1. Uremia, endocrine and gastrointestinal disorders, volume
overload, and oxidative and carbonyl stress may lead to the CKD-
associated malnutrition. The origin of protein-energy malnutrition
appears to precede dialysis treatment, because it is observed progres-
sively as the glomerular filtration rate falls below 60 ml/min/1.73 m?,
that is, the stage 3 CKD and greater (/5). Diminished appetite
(anorexia) is a main cause of protein-energy malnutrition and may be
related to elevated circulating levels of cytokines or may be engendered
via signaling through the central melanocortin system (/6). Dialysis
patients with a poor appetite have higher levels of inflammatory
markers, including C-reactive protein (CRP), and almost two-fold
increased risk of death (/7). Moreover, dietary restrictions imposed by
nephrologists and/or dietitians to prevent hyperphosphatema or hyper-
kalemia may lead to low protein intake.

Dialysis treatment and techniques may also contribute to engen-
dering or worsening protein-energy malnutrition. Nutrient loss may
happen through hemodialysis membrane or via peritoneal membrane,
although its contribution to protein-energy malnutrition may not be
substantial. High prevalence of comorbid conditions and metabolic
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Table 1
Potential Contributors of the Protein-Energy Malnutrition in Stage 5
Chronic Kidney Disease and Dialysis Patients

A. Inadequate nutrient intake
1. Anorexia, secondary to:
a. Uremic toxicity
b. Impaired gastric emptying (e.g., in diabetes mellitus)
¢. Inflammation with or without comorbid conditions”
d. Emotional and/or psychological disorders
2. Dietary restrictions
a. Prescribed restrictions: Low potassium, low phosphate
regimens
b. Social constraints: Poverty, inadequate dietary support
c. Physical incapacity: Inability to acquire or prepare food
or to eat
B. Nutrient losses during dialysis
1. Loss through hemodialysis membrane into hemodialysate
2. Adherence to hemodialysis membrane or tubing
3. Loss into peritoneal dialysate
C. Hypercatabolism due to comorbid illnesses
1. Cardiovascular diseases”
2. Diabetic complications
3. Infection and/or sepsis®
4. Other comorbid conditions”
D. Hypercatabolism associated with dialysis treatment
1. Negative protein balance
2. Negative energy balance
E. Endocrine disorders of uremia:
1. Resistance to insulin
2. Resistance to growth hormone and/or IGF-1
3. Increased serum level of or sensitivity to glucagons
4. Hyperparathyroidism
5. Other endocrine disorders
F. Acidemia with metabolic acidosis
G. Concurrent nutrient loss with frequent blood losses

IGF-1 insulin-like growth factor 1.
¢ Me given factor may also be associated with inflammation. Adapted from
ref (11)
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Fig. 1. Schematic representation of the causes and consequences of malnutrition-
inflammation-cachexia (or complex) syndrome (MICS). BMI, body mass index;
CRP, C-reactive protein; CV, cardiovascular; DM, diabetes mellitus; KD, kidney
disease; PE, protein energy; TIBC, total iron binding capacity (also known as
transferrin).

disorders including insulin resistance and acidosis may also lead to
hypercatabolism and/or wasting. A higher than normal resting energy
expenditure is also reported in dialysis patients independent of comor-
bidity (/8) (Table 1).

3. ASSESSMENT OF PROTEIN-ENERGY
MALNUTRITION

Methods and tools to assess protein-energy malnutrition in CKD
patients are classically divided into four major categories: (i)
assessment of appetite and dietary intake, (ii) biochemical measures,
(iii) body composition and (iv) scoring systems (Table 2). A normal
appetite is essential to maintain adequate food intake and to avoid
undernourishment. Even though a diminished appetite (anorexia) is
one of the early signs of uremia progression in CKD and is impli-
cated as one of the underlying etiologies of protein-energy malnutrition
in dialysis patients, (/7) its uniform assessment may not be reliable
because of its inherent subjectivity. It has been argued that inflam-
mation is a cause of diminished appetite in dialysis patients (/7). If
this hypothesis should be true, then the inflammation may be causally
linked to the protein-energy malnutrition in CKD patients.
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Table 2

Proposed Classification of the Assessment Tools for Evaluation of
Protein-Energy Malnutrition in Maintenance Dialysis Patients (adapted

from ref. (11)).

A. Nutritional intake

1.
2.
3.

Appetite assessment
Direct: Diet recalls and diaries, food frequency questionnaires
Indirect, based on urea nitrogen appearance: nPNA (nPCR)

B. Body composition

1.

2.

ok W

)
_

2
3
4
5.
D. Sc
1.

2.

Weight-based measures: BMI, weight for height, edema-free
fat-free weight

Skin and muscle anthropometry via caliper: skinfolds, extremity
muscle mass

Total body elements: Total body potassium, total body nitrogen
Energy-beam based methods: DEXA, BIA, NIR

Other methods: Underwater weighing

aboratory values

Visceral proteins (negative acute phase reactants): Albumin,
prealbumin, transferrin

. Somatic proteins and nitrogen surrogates: Creatinine, SUN
. Lipids: Cholesterol, triglycerides, other lipids and lipoproteins
. Growth factors: IGF-1, leptin

Peripheral blood cell count: Lymphocyte count

oring systems

Conventional SGA and its modifications [e.g., DMS (23), MIS
(24), CANUSA-version(33)]

Other scores: HD-PNI(34)), others [e.g., Wolfson(35), Merkus
(36), Merckman (37)]

BIA, bioelectrical impedance analysis; BMI, body mass index; CANUSA, Canada-
USA study-based modification of the SGA (33); CRP, C-reactive protein; DEXA, dual
energy X-ray absorptiometry; DMS, dialysis malnutrition score (23); HD-PNI,
hemodialysis prognostic nutritional index (34); IGF-1, insulin-like growth factor
1; IL, interleukin (e.g, IL-1 and IL-6); MIS, malnutrition inflammation score (24);
NIR, near infra-red interactance; nPCR, normalized protein catabolic rate; nPNA,
normalized protein nitrogen appearance; SAA, serum amyloid A; SGA, subjective
global assessment of nutritional status; SUN, serum urea nitrogen; TNF-¢, tumor
necrosis factor a.
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A traditional nutritional evaluation is dietary assessment, because
both the quality and quantity of the ingested nutrients can be assessed
with a high degree of reproducibility. However, dietary assessment
methods including 24-h recall, 3-day food diary with interview and
food frequency questionnaires are difficult to accurately implement
or interpret in dialysis patients. A more routinely used and readily
available method is the calculation of the weight-normalized protein
equivalent of total nitrogen appearance (nPNA), also known as the
normalized protein catabolic rate, which is derived from the rate of urea
generation between the two subsequent dialysis treatment sessions.
This urea kinetic estimate of the protein intake has significant survival
predictability (/0). However, the nPNA assessment can be reliable
only if there is no appreciable residual renal function and if the patient
is in no negative or positive nitrogen balance.

Anthropometry and body composition measures are among tradi-
tional indicators of nutritional status in dialysis patients. Weight for
height and body mass index (BMI = weight/height®) can be conve-
niently calculated and are also known to predict outcomes in dialysis
patients (/9,20). However, the reliability of these measures to represent
the true body composition is questionable, especially because a high
BMI can occur with both high total body fat and very high muscle mass.
Caliper anthropometry including mid-arm muscle mass and skinfold
thickness has a poor reproducibility. More reliable methods such as
underwater weighing and total nitrogen or potassium measurements
are costly and rare if ever used in dialysis patients, although they
are considered gold standards. Energy-beam methods may provide
more pragmatic alternatives. Portable devices such as those based
on the bioelectrical impedance analysis or near infra-red interactance
technology are evaluator-friendly and patient-friendly (2/), whereas
dual energy X-ray absorptiometry is a more elaborate and costly
method that requires both resources and expertise.

Serum concentrations of albumin, prealbumin (transthyretin), trans-
ferrin (total iron binding capacity or TIBC), cholesterol, urea nitrogen
and creatinine can be evaluated as markers of nutritional status and
outcome predictors in dialysis patients. However, these laboratory
values may significantly be confounded by such non-nutrition factors
as inflammation, oxidative stress, iron stores, liver disease or residual
renal function. Serum albumin is one of the most sensitive mortality
predictors (Fig. 2) (9); a fall in serum albumin concentration by as low
as 0.6 g/dL. from baseline over a 6-month interval is associated with
the doubling of the death risk in hemodialysis patients (9).
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Fig. 2. Association between serum albumin levels (averaged over 3-month
intervals) and subsequent 2-year death risk in 58,058 maintenance hemodialysis
patients, 2001-2003 (based on data published data in ref. (9)).

In the past few years, several scoring systems have been intro-
duced or developed to assess the overall nutritional aspects of CKD
patients. The Subjective Global Assessment (SGA) is probably the
most known scoring tool, which has also been recommended by the
Kidney Disease Outcomes Quality Initiative (KDOQI) Nutrition guide-
lines for the periodic assessment of dialysis patients (22). Among the
limitations of the SGA are the inherently “subjective” characteristics
of the assessment components and the semi-quantitative scoring. Fully
quantitative versions of the SGA that have been developed for dialysis
patients including the Dialysis Malnutrition Score (DMS) (23) and the
Malnutrition-Inflammation Score (MIS) (24). The reproducibility and
objectivity of the DMS and MIS may be superior to the conventional
SGA (22).

4. INFLAMMATION AND KIDNEY DISEASE
WASTING

Inflammation is defined as a protective response elicited by injury or
destruction of tissues, which serves to destroy, dilute or sequester both
the injurious agent and the injured tissue (/7). This important defense
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mechanism, which is inherently “acute” and should happen on an “as-
needed” basis, may become harmful to the organism if it becomes
“chronic.” Evidence suggests that dialysis patients with protein-energy
malnutrition are more likely to have abnormally high circulatory levels
of inflammatory markers and pro-inflammatory cytokines such as
CRP and interleukin-6 (IL-6), both known to be strong predictors of

Table 3

Possible Causes of Inflammation in Chronic Kidney Disease Patients

A. Causes of inflammation due to CKD or decreased GFR

1. Decreased clearance of pro-inflammatory cytokines

2. Volume overload with or without concomitant endotoxinemia“

3. Oxidative stress (e.g., oxygen radicals)®

4. Carbonyl stress (e.g., pentosidine and advanced glycation end-
products)

5. Decreased levels of antioxidants (e.g., vitamin E, vitamin C,
carotenoids, selenium, glutathione)”

6. Deteriorating protein-energy nutritional state and food intake”

B. Coexistence of comorbid conditions
1. Inflammatory diseases with kidney involvement (e.g., SLE or
HIV disease)
2. Increased prevalence of comorbid conditions (CVD, DM,
advanced age, etc)”
3. Remnant allograft from a previous solid organ transplantation®

C. Additional inflammatory factors related to dialysis treatment

I. Hemodialysis:
1. Exposure to dialysis tubing
2. Dialysis membranes with decreased biocompatiblility
3. Impurities in dialysis water and/or dialysate
4. Back-filtration or back-diffusion of contaminants
5. Foreign bodies (such as PTFE) in dialysis access grafts
6. Intravenous catheter

II. Peritoneal dialysis:
1. Episodes of overt or latent peritonitis®
2. PD-catheter as a foreign body and its related infections
3. Constant exposure to PD solution

CVD, cardiovascular disease; DM, diabetes mellitus. GFR, glomerular filtration
rate; HIV, human immune deficiency virus; SLE, systemic lupus erythematosus PD.
“ Me given factor may also be associated with protein-energy malnutrition. Adapted
from ref. (11).
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poor outcome (25). It is not clear why chronic inflammation occurs
commonly in CKD patients; however, some potential causes have been
listed in Table 3.

Inflammatory markers are associated with anorexia in dialysis
patients (/7). Chronic inflammation may also lead to increased rate
of protein depletion in skeletal muscle and other tissues, muscle and
fat wasting, hypoalbuminemia, and hypercatabolism, leading to the
so-called kidney disease wasting (KDW). Because both the protein-
energy malnutrition and inflammation are usually concurrent, act on the
same direction on laboratory markers and body proteins, and are both
associated with the KDW and atherosclerotic cardiovascular disease
in dialysis patients, a so-called Malnutrition-Inflammation Complex
(or cachexia) Syndrome (MICS) has been defined to underscore the
close link between these two conditions (Fig. 1) (/1). However, there
is currently no conclusive consensus with regard to the nature or
direction of the association between the protein-energy malnutrition
and inflammation and their pathophysiologic link to the KDW and
survival (13).

5. CONSEQUENCES OF PROTEIN-ENERGY
MALNUTRITION

In addition to anorexia, hypoalbuminemia and the KDW, malnu-
trition may have other clinically important consequences in dialysis
patients.

5.1. Refractory Anemia

Anemia appears to be more common in those dialysis patients
who also suffer from protein-energy malnutrition and/or inflammation
(26). A blunted response to erythropoiesis stimulating agents (ESA) is
usually associated with increased levels of pro-inflammatory cytokines
such as IL-6 (26). An inverse association between such markers of
nutritional state as serum prealbumin, transferrin and total cholesterol
concentration and blood lymphocyte count and the required ESA dose
has also been reported (26). In a meta-analysis, L-carnitine adminis-
tration that is used to improve nutritional state was associated with
improved hemoglobin and a decreased ESA dose and in anemic dialysis
patients (27). Moreover, anabolic steroids have also been used success-
fully to simultaneously improve both nutritional state and anemia in
dialysis patients.
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5.2. Atherosclerotic Cardiovascular Disease

Dialysis patients with coronary heart disease often have
hypoalbuminemia and elevated levels of inflammatory markers (9).
Epidemiologic evidence suggests that inflammation may be linked to
cardiovascular disease in malnourished or cachectic dialysis patients.
Emerging data even in the general population imply that such indicators
of inflammation as an increased serum CRP level are stronger
predictors of cardiovascular events than low density lipoprotein hyper-
cholesterolemia (28). The association between elements of MICS
and atherosclerosis has been underscored by some investigators who
have chosen the term “Malnutrition-Inflammation-Atherosclerosis”
syndrome for this entity. Chronic inflammation may be the missing
link that causally ties protein-energy malnutrition to poor outcome and
high death rate in these individuals.

5.3. Reverse Epidemiology

The emergence of the reverse epidemiology hypothesis may have
a bearing on the management of dialysis patients. In highly industri-
alized, affluent countries, protein-energy malnutrition is an uncommon
cause of poor outcome in the general population, whereas over-
nutrition is associated with a greater risk of cardiovascular disease
and shortened survival. In contrast, in maintenance dialysis patients,
“under-nutrition” is one of the most common risk factors for adverse
cardiovascular events. Similarly, certain markers that predict a low
likelihood of cardiovascular events and an improved survival in the
general population, such as decreased BMI or lower serum choles-
terol levels, are risk factors for increased cardiovascular morbidity
and death in dialysis patients. Hence, obesity, hypercholesterolemia
and hypertension appear paradoxically to be protective features that
are associated with a greater survival among dialysis patients (29).
The association between under-nutrition and adverse cardiovascular
outcome in dialysis patients, which stands in contrast to that seen in
the general population, has been referred to as “reverse epidemiology”
(29). Possible causes of these paradoxical findings include survival
bias and time discrepancy between competitive risk factors, that is,
under-nutrition, which is the short-term killer, versus over-nutrition,
which is the long-term Kkiller. It is possible that new standards or goals
for such traditional risk factors as body mass, serum cholesterol and
blood pressure should be considered for these individuals, especially
if they suffer from protein-energy malnutrition.
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6. MANAGEMENT OF PROTEIN-ENERGY
MALNUTRITION

Because protein-energy malnutrition and inflammation are powerful
predictors of death risk in dialysis patients, it is possible that nutri-
tional and anti-inflammatory interventions improve poor outcome
in dialysis patients. Ample evidence suggests that maintaining an
adequate nutritional intake in patients with a number of acute or chronic
catabolic illnesses may improve their nutritional status irrespective of
its etiology. However, evidence as to whether nutritional treatment may
improve morbidity and mortality in dialysis patients is quite limited.
There are no large-scale, randomized prospective interventional studies
that have examined these questions. However, secondary data analyses
have indicated that a high protein intake, for example, between 1.2 and
1.4 g/kg body weight per day, is associated with the best survival in
dialysis patients (/0). According to the KDOQI guidelines on nutrition,
dialysis patients can receive at least 35 kcal/kg body weight per day
of energy and 1.2 g/kg body weight per day of protein (22).

Table 4 summarizes selected nutritional interventions that have been
tried or recommended in dialysis patients. Enhancing food intake by
either dietary counseling or positive reinforcement may be helpful,
especially if renal dietitians take a proactive role to this end. Many
nephrologists and dietitians advocate oral supplementations as an
adjunct therapy. However, it is important to appreciate that simulta-
neously imposed dietary restrictions to control potassium, phosphorus
and/or calcium intake or to manage diabetes mellitus or dyslipidemia
may interfere with or even contradict the foregoing efforts and lead to
confusion for both patients and health care providers.

Tube feeding and parenteral interventions may reinforce protein
and energy intake even among anorectic patients. A metabolic study
demonstrated that intradialytic parenteral nutrition promoted a large
increase in whole-body protein synthesis and a significant decrease
in proteolysis in non-inflamed but malnourished hemodialysis patients
(30). Hormonal or pharmacological interventions may be associated
with many side effects that mitigate the enthusiasm of using them,
although emerging data suggests dietary supplements with anti-
inflammatory interventions (31), especially if associated with simulta-
neous appetite stimulating properties (such as megesterol acetate (32)
or pentoxiphylline), may improve nutritional status and outcomes in
dialysis patients. A number of other techniques have been employed or
recommended for the prevention or treatment of protein-energy malnu-
trition before the onset of dialysis therapy, maintenance of an adequate
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Table 4

Overview of Nutritional/Anti-Inflammatory Interventions for Dialysis
Patients with Protein-Energy Malnutrition (adapted from (38))

A. Oral interventions
1. Increasing food intake
2. Oral supplements
B. Enteral interventions
1. Tube feeding
C. Parenteral interventions
1. Intradialytic parenteral nutrition
2. Other parenteral interventions
D. Hormonal interventions
1. Androgens
2. Growth factors/hormones
E. Non-hormonal medications
1. Anti-inflammatory agents (e.g., borage oil, pentoxiphylline)
2. Anti-oxidants (e.g. vitamin E, N-acetylcysteine)
3. Appetite stimulators (e.g., megesterol)
4. Carnitine
5. Others (e.g. fish oil)
F. Dietary counseling
1. In-center supervision/counseling
G. Dialysis treatment related
1. Dialysis dose and frequency
2. Membrane compatibility

dose of dialysis, avoidance of acidemia, and aggressive treatment of
superimposed catabolic illness.

7. SUMMARY/CONCLUSIONS

In stage 5 CKD patients who undergo maintenance dialysis
treatment, protein-energy malnutrition, with or without concurrent
inflammation, is undoubtedly one of the most challenging and
unresolved issues of contemporary medicine and nephrology. Protein-
energy malnutrition and its concomitant wasting syndrome are
unacceptably common and associated with inflammation and hypoal-
buminemia. Malnutrition may be a major cause of poor outcome
and high death rate in the fast growing dialysis patient population
The impact of malnutrition on deteriorating the short-term survival
in dialysis patients is that it overwhelms and even reverses the
conventional associations between such traditional cardiovascular risk
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factors as obesity or hypercholesterolemia and survival. There is
currently no uniform assessment tool for the detection or accurate
grading of the protein-energy malnutrition in CKD, although emerging
scoring systems appear promising. There is a paucity of information
concerning the effect of nutritional therapy, appetite-stimulating agents
or anti-inflammatory modalities on morbidity and mortality in dialysis
patients. Simultaneous dietary restrictions to avoid hyperkalemia
or hyperphosphatemia in CKD patients may handicap efforts to
prevent or treat malnutrition in this patient population. Randomized
clinical trials are needed to compare the effect of the nutritional
support and anti-inflammatory agents, with or without appetite stimu-
lating effects, in individuals with CKD who suffer from protein-
energy malnutrition. The most optimal nutritional intervention that
can overcome the high death rate linked to the enormous cardio-
vascular epidemic and poor outcome in CKD patients is yet to be
determined.
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LEARNING OBJECTIVES

1.

2.

Discuss the challenges faced by the clinician in providing nutrition
support to the patient with stage 5 chronic kidney disease.

Identify nutrition support modalities that may be used for the patient
with stage 5 chronic kidney disease.

. Identify considerations in the provision of nutrition support for the

patient with stage 5 chronic kidney disease.

Summary

The use of regular foods is always the preferred method to provide
nourishment; however, at times specialized nutrition support is indicated. A
review of the different nutrition support modalities including enteral and
parenteral nutrition, parenteral nutrition via hemodialysis, known as Intradi-
alytic Parenteral Nutrition (IDPN) and via the peritoneal dialysis, known as
Intraperitoneal Nutrition (IPN) is covered. Considerations in the provision of
such modalities are discussed.

Key Words: Nutrition support for stage 5 chronic kidney disease;
parenteral nutrition; enteral nutrition; intradialytic parenteral nutrition;
intraperitoneal parenteral nutrition.

1. INTRODUCTION

This chapter addresses nutrition support of adults with stage 5

chronic kidney disease (CKD). Information is presented on enteral
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nutrition support including tube feeding administration, complications
and management. When the gastrointestinal (GI) tract cannot be used,
nutrients can be provided using parenteral nutrition (PN). Information
is included on the fundamental components (protein, carbohydrate, fat,
and electrolytes) in addition to other additives such as vitamins and
trace elements along with guidelines and considerations for PN use.
PN support is appropriate for the patient with stage 5 CKD; however,
it is necessary to be cautious with respect to the total volume infused
in addition to monitoring various electrolyte and mineral concen-
trations such as potassium and phosphorus. In addition, individuals
with stage 5 CKD requiring dialysis have two rather unique methods
of nutrition support; either intradialytic parenteral nutrition (IDPN)
and intraperitoneal nutrition (IPN), each being specific to the type of
dialysis selected. The indications, administration, adverse effects and
the clinical outcomes are briefly described for each respective method.

2. ENTERAL NUTRITION SUPPORT
2.1. Oral Intake and Supplements

Individuals with stage 5 CKD require adequate nutrients to
meet the demands of dialysis and associated comorbid states, to
treat or prevent nutritional depletion, and to treat the malnutrition-
inflammation complex syndrome (/). At the same time, it is necessary
to balance the many dietary restrictions imposed by kidney failure
in order to maintain acceptable laboratory levels and to achieve safe
fluid balance between dialysis treatments. Many factors impact on an
individual’s ability to consume adequate oral nourishment such as taste
changes, GI disorders and depression (Table 1).

The clinician needs to be skillful in optimizing a balance between
dietary needs and restrictions through the individualization of the
nutrient prescription for the person with stage 5 CKD. Goals of the
nutrition treatment plan should be threefold: (i) to provide foods
normally eaten and tolerated; (ii) to promote meal satisfaction; and
(iii) to limit any unnecessary restrictions. When a suboptimal intake
is experienced, nutrition supplements should be encouraged; however,
they may actually replace a meal and interfere with achieving a
balanced intake. The concentrated amount of nutrients in supplements
may lead to a sense of fullness. It is vital to carefully assess what an
individual is eating and why they are not eating as well as to reverse
or treat any situation that is interfering with intakes (2).

Medications such as antiarrythmics, antineoplastics, calcium salts,
oral iron preparations and some vasodilators have been associated with
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Table 1
Factors Associated with Inadequate Oral Intake for the Stage 5 Chronic
Kidney Disease Individual

Changes in taste acuity

Dietary restrictions and combination diets related to comorbitities

Dietary counseling or comprehension of information

Dental status affecting chewing abilities; denture fit and availability

Gastrointestinal problems including anorexia, nausea, vomiting and
diarrhea

Constipation secondary to limited fluid and fiber intake, medications
such as iron, phosphorus binders

Nutrient deficiencies such as iron causing pica symptoms or zinc
related to taste change

General fatigue or that related to anemia

Dialysis schedule and frequent hospitalizations

Social issues related to income, depression, food security, housing

Cultural food preferences, religious practices

Polypharmacology

anorexia (3). When medications interfere with intake, a review of those
being used as well as the meal schedule is warranted, with consider-
ation for the use of alternative medications when feasible (2). Appetite
stimulants have been used to improve oral intake for individuals with
stage 5 CKD. Megestrol acetate, cyproheptidine and dronabinol are
examples of pharmacological agents available to increase appetite and
promote anabolism (4,5,6,7).

2.2. Tube Feeding

When oral intake, including nutritional supplements, is inadequate,
tube feeding should be considered if medically appropriate (2). An
individual’s clinical condition, the presence and severity of malnu-
trition, the degree of food inadequacy and time period (days to weeks)
that oral intake is less than optimal, will influence when enteral tube
feeding support should be initiated (2). Guidelines from the American
Society of Parenteral and Enteral Nutrition (8) suggest that nutrition
support should be initiated in patients with inadequate oral intake
for 7-14 days, or in whom inadequate intake is anticipated for that
time period (8). Tube feeding is the preferred method to provide an
individual with nutrients, as this method has been associated with
fewer infectious and metabolic complications in comparison to PN.
The philosophy continues to hold true that when the gut works, use
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it. Tube feeding can be the sole source of nutrition when necessary or
can be used to meet the balance of nutrients not consumed orally.

2.2.1. TUBE FEEDING ACCESS AND ADMINISTRATION

The type of access for tube feeding administration will be influ-
enced by the need for short-term use (few weeks) versus long-term use
(greater than 6-8 weeks), patient comfort, comorbid states and dialysis
treatment modality, risk of aspiration, presence of gastroparesis,
safety considerations in placement and maintenance, and ease of use
for patient or caregiver (9,/0). Nasogastric and nasoenteric access is
used short term and can be used for gastric or small bowel feedings.
Gastrostomy or gastrojejunostomy feedings into the stomach or small
bowel, respectively, are generally used for long-term feeding. There
is less reported use of percutaneous gastrostomy (PEG) feedings in
patients receiving peritoneal dialysis (PD). Fein (/1) reported that
patients who have a functional PEG can safely start PD, whereas
inserting a PEG tube in a patient currently on PD has been associated
with a high rate of peritonitis.

The tube size must allow for a smooth flow of the formula especially
if a more viscous formula is used (e.g., a concentrated 2 kcal/mL or
fiber-containing formula). A tube lumen size of number 8 or larger is
usually suggested for formulas containing fiber or for other viscous
formulas administered by infusion pump (7/2). The use of a feeding
pump is typical in an acute care setting in order to administer a constant
rate of formula. Intermittent or bolus feedings are more likely to be
used for individuals who are ambulatory, in rehabilitation or long-
term care settings and those who receive dialysis in an outpatient
facility. In the home setting, enteral feeding pumps are used when
gravity drip is not tolerated due to reflux, aspiration, severe diarrhea,
dumping syndrome, uncontrolled glucose levels, circulatory overload,
or infusion via jejunostomy tube at rates less than 100 mL (/3).

2.2.2. TUBE FEEDING FORMULAS

Formulas used for tube feeding range from those which require
complete digestion to predigested formulas developed for individuals
with digestive disorders, such as malabsorption or short gut syndrome.
These formulas provide 1-1.2 kcal/mL to more concentrated products
of 1.5-2 kcal/mL. Products have also been developed to meet specialty
needs of individuals with disease-specific disorders such as liver
or kidney disease. As products evolve and outcome-based research
advances, it is necessary for the clinician to appropriately match the
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needs of the patient with the best product available in a safe and cost
effective manner.

Products developed for patients with stage 5 CKD on dialysis require
digestion and are lower in sodium, potassium and phosphorus with
a concentrated source of calories and protein. Vitamin and mineral
contents are designed to match the needs of the dialysis patient with
added amounts of folic acid and pyridoxine and limited amounts of
vitamins C and A. The Dietary Reference Intakes for most nutrients are
met using 1 L of formula. Enteral formulas contain a source of vitamin
K in concentrations ranging from 50 to 80 wg/1000kcal of formula
(14). As a result of the early case reports of warfarin resistance related
to the use of enteral feeding products, knowledge of the vitamin K
content is important for patients receiving warfarin. The dose may need
to be adjusted and coagulation protocols monitored with tube feedings,
any oral intake or transition to oral intake (/4). If an individual is not
adequately nourished, they may develop vitamin K deficiency, which
could also lead to problems associated with coagulation.

Renal specific products may need to be used cautiously or be
replaced with non-renal specific products in cases where an individual
has been undernourished and is at risk for refeeding syndrome. Those
individuals with a history of poor intake, chronic alcoholics, malnour-
ished patients, and particularly marasmic patients or obese patients
with significant weight loss, are at risk for refeeding syndrome (15,16).

This syndrome can be defined as severe electrolyte and fluid
shifts associated with metabolic abnormalities in malnourished patients
undergoing aggressive refeeding, whether enterally or parenterally
(17). Hypokalemia, hypophosphatemia, hypomagnesemia, abnormal
glucose metabolism, fluid balance abnormalities and thiamine
deficiency can occur. Prevention includes the slow administration of
nutrients at a caloric level below maintenance needs, with careful
monitoring of phosphorus, potassium and magnesium as it should be
anticipated that these values drop (18,15,17). A low serum potassium,
magnesium or phosphorus is generally not expected in patients
with CKD; therefore, it is of particular importance to be aware of
the problems related to refeeding syndrome. The lower potassium,
phosphorus and magnesium content of renal formulas may actually
precipitate a serious decline in serum electrolytes once nutrition support
is initiated. It is advantageous if the clinician is familiar with the
individual’s previous nutrition intake before the start of nutrition
support in order to select the most appropriate product and to manage
the patient wisely. It is at this time that a concentrated non-renal
specific formula is used rather than a renal product that is low
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in potassium, magnesium and phosphorus. Once serum values are
normalized and the process of refeeding has been implemented and
tolerated, the need for a renal specific formula can be reassessed
with selection of the most appropriate enteral product to meet the
patient’s needs. Other non-renal concentrated formulas that provide
1.5-2kcal/mL may also be used depending on the individual’s state
of hydration, dialysis schedule, and laboratory results. Modular carbo-
hydrate, protein or fat sources are available and can be used to tailor
individual needs.

Products that are concentrated (2 kcal/mL) and low in electrolytes
and protein (~30g of protein/L) have been marketed towards the
individual with advanced CKD not on dialysis. As these products are
very low in protein, the addition of a modular protein supplement
with careful monitoring of overall nutrient intake may be necessary.
Adherence to a low protein diet carries the risk of nutrient deficits and
malnutrition (Table 2).

Over the years, closed enteral systems have become more widely
used in the hospitalized setting. These products contain sterile tube
feeding, are ready to hang for up to 24—72 hours, have been associated
with less contamination and require less nursing intervention time (/9).
The closed system solutions generally are 1-1.5L of volume and are
concentrated formulas (i.e., 2 kcal/mL). Disadvantages of the closed
system include that it does not allow for the addition of additives, and
it has the potential for greater waste if the tube feeding orders change
or if the feeding is stopped prematurely or abruptly.

2.2.3. TUBE FEEDING MANAGEMENT

The management of GI complications including diarrhea, malab-
sorption, nausea and vomiting, along with mechanical complications
such as tube occlusions, are similar for the patient with stage 5 CKD
as well as other individuals who require enteral support. The patient
requiring dialysis needs further monitoring of fluid status, electrolyte
management, constipation and gastroparesis. The amount of free water
flushes with feedings or the administration of medications needs to be
strictly limited especially on non-dialysis days for the hemodialysis
(HD) patient. The risk for constipation is greater for the dialysis patient
as a result of both medications and limited fluid allowances. If a fiber-
containing product is used, it is essential to achieve a balance between
providing adequate fluid intake to promote stool output with the need
for restricting fluids.

Tube occlusions are a potential problem particularly for someone
using intermittent or cyclic feedings where multiple water flushes



(panuuoy))

00L 0001 009 009 V/N V/N 06T '8 1 0002 (apsaN) [eoreuay
(uonmnN noqqy)

Apearg

SeL 8¥6 009 - 0TIl 8L S0T 96 S S6LI qreD yim euofdng
(uontnnN noqqy)

S8L 96 938 0901 0961 orer €601 8'€6 L'T9 00ST vdoxQ
(snreaoN)

8LL €€6 0S9 0L01 0sce 0621 0T 9 89 00ST G 921n0S0S]
(uonmnN noqqy)

00L 8¥6 sTL 0501 orte ost1 ¢8It $06 ces 0002 NH [EDOM[,
(snresoN)

8Y6 0001 06L 0011 0cs1 008 0cT 83 06 0002 0°C 99IN0SOAON
- 0SL 0S9 059 96T orL 0T 701 oL 0002 (epseN) reuarnny
(snreaoN)

60L 0001 096 059 0011 0091 00T 001 vL 0002 [EUY 9INOSOAON
(uoninnN

noqqy) Apeas

STL 8¥6 8¢ 00L 0901 0901 8991 96 18 0081 qre) yum oxdoN
(Sw) 14 122]4 01 2wnjop  (SYuSOQ/N) (3) (8) (8) (oY) o)y  quaquo)  KS4aug 424D fNuUp
A2IDM &pjowso  snioydsoyq — wnissviod wmipos  2I0ApLyoqin) .y u12j0.4d DINULIO]

qu—‘—ﬂthnﬂ uw—ﬂ——uoz ﬂzuw asud(J %:.WUﬁuO—dU nU@mUUQWJ.NEUNm

zolqeL

311



"pasn a1om soruedwiod 9A10adsar WO} UOHBWLIOJUL JONPOIJ :90IN0S

w001

(uonmnN noqqy)

- - Tojem weIs (L € 9 oL 0s 0 0 00¢ 250040

dooos /399

(vonmnN noqqy)

- - - 33 Sy S¢ L9°0 09°0 S 8¢ PONOId

dooos [/3 1

(snreaoN)

- - - 0z S S 0 0 9 ST urjordousg

Se[nuLIOo,] Je[nPOJA

08L 96 0cL orer 0191 ocL 00¢ 8¢ 6S 0csl snid 1soogq

(uontnnN noqqy)

OLL 09L G811 089 LS8I a1t 00¢ £'es 6'vS 00ST sn[d sImsuyg

(Sut) Na (3YusO/|) (3) (3) (8) (oY) o)y  uauo) - KS4oug 424U

A2IDA\  122py 01 2wn]OA Cypjowsg  snioydsoyg — wnisspjod — wnipos  papL1yoqiv) .y udjosd DINULIO.J
(panunuo)))

T 2I9eL

312



Chapter 12 / Nutrition Support 313

are usually required between feedings and/or with administration of
medications. In general, feeding tubes should be flushed routinely
with about 20-30 mL of warm water every 4 hours during continuous
feeding and before and after each intermittent or bolus feedings and
medication administration (8,/8). Flushes contribute extra water and
can be a concern for the renal patient. Calorically dense and fiber-
containing products are more viscous, and formulas that are admin-
istered at very low rates can potentially aggravate the problem, as
the formula may not flow easily through the tube (20). In addition to
water, carbonated beverages such as cola and cranberry juice have been
used to flush feeding tubes; however, these products are not recom-
mended (20) and they can negatively impact on serum potassium and
phosphorus levels. Cranberry juice has also been reported to interfere
with warfarin metabolism and therefore may predispose the patient
to coagulation problems (217). Liquid irrigants, enzyme solutions and
mechanical devices have also been used to unclog a tube. A “prudent
approach” used at one facility in home tube feeding patients included
use of activated Viokase solution for 30 min/week in the nasoenteric
and jejunal feeding, which successfully resolved sluggish infusions
and prevented tube occlusions (20).

Tube feeding rates are often reduced on dialysis days because of
the dialysis schedule. Therefore, an increased amount of feeding may
need to be given on non-dialysis days if tolerated, in order to meet the
patient’s nutritional needs, to prevent weight loss and a compromised
nutrition status. An individual’s compliance to the dialysis schedule
will affect the ability to provide adequate nutrition. If dialysis is
completed as scheduled, an individual is more likely to achieve fluid
and electrolyte balance with clearance of uremic toxins, whereas under-
dialysis results in fluid and electrolyte imbalances, uremic symptoms of
nausea and elevated blood urea nitrogen (BUN) levels. The individual
receiving PD may have fullness or distention problems as a result of
the dialysate and the tube feeding could negatively affect the ability
to provide adequate nutrition.

Fluid restriction is determined by whether the patient has residual
renal output, the ability of the dialysis treatment to remove fluid
accumulated between treatments, and other comorbid factors ranging
from congestive heart failure to the presence of an ileostomy. Strict
fluid restrictions would require the use of 2 kcal/mL formula; serum
potassium and phosphorus values would dictate which enteral product
would best meet the needs of the patient. Acute or chronic diarrhea
or vomiting can decrease serum potassium levels, which need to be
factored into the decision regarding product selection.
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Gastroparesis is common in individuals with diabetes and delayed
gastric emptying and is associated with dialytic procedures, elevated
BUN values and hyperglycemia thereby necessitating close monitoring
of the tolerance to enteral tube feedings (22). GI tolerance may also
be related to whether a patient is fed into the stomach versus post-
pylorically and if intermittent versus continuous feedings are used.
Tube feeding volume should be assessed and whether promotility
agents such as metoclopramide or erythromycin are being used
to promote gastric emptying (/8). The patient’s position during
dialysis should be considered to determine whether the tube feeding
can be given. For example, if a patient needs to be in a supine
position because of hypotensive episodes during dialysis, the feeding
needs to be held in order to prevent the risk of aspiration. A
semi-recumbent position (>30 degree elevation) is recommended
to prevent aspiration for individuals requiring tube feeding (18).

Patients with stage 5 CKD require medications with noted side
effects such as constipation, diarrhea, nausea or vomiting (23). Tube
feedings have been associated with similar side effects; therefore, it
is important to identify the etiology of the symptoms and to treat the
problem based on the actual cause rather than an assumption. Prokinetic
agents and sorbitol containing medications, as well as Clostridium
difficile colitis, are also common causes of diarrhea (§).

Metabolic complications can occur in individuals on tube feedings;
the health care team must assess various chemistries independently to
determine potential reasons for increased or decreased values (Table 3).
Baseline metabolic and nutrition assessment parameters should be
obtained with the initiation of enteral feedings, and follow-up param-
eters should be based on the individual’s needs and clinical condition.

2.2.4. GUIDELINES FOR ADMINISTRATION

Initiation of enteral feedings is generally 25-50 mL/h, unless trophic
feeding of 10-20 mL/h are used. Advancement of tube feeding rates or
volume to the goal rate should be based on patient tolerance and status.
It is important to be attentive to the caloric density of the product
selected. When a 2 kcal/mL formula is used, nutrient needs can be met
at a rate of 40-50mL/h. For example, if there is a 2400 kcal goal,
the volume given will differ significantly based on the caloric density
of the product. A 2kcal/mL formula at 50 mL/h equals 1200mL or
2400 kcal and 85 g of protein, whereas a standard 1.2 kcal/mL formula
at 80 mL/h equals 1920 mL or 2304 kcal and 106 g of protein. This is
a difference of 720 mL (Table 4).
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3. PARENTERAL NUTRITION SUPPORT
FOR THE ADULT WITH STAGE 5 CKD

3.1. Use of Parenteral Nutrition

PN is the administration of nutrients using an intravenous (IV)
method intended for individuals who do not have a functional GI tract
or in situations where administration of nutrients using the GI tract
was not tolerated or could not be safely used. PN is also indicated for
patients who are at nutrition risk, which can be defined as the loss of at
least 10% of pre-illness weight and not taking food by mouth for 5-7
days (8). PN is not beneficial unless it is used for at least 7-14 days
(8). This form of nutrition allows for the administration of amino acids
(AA), dextrose, intravenous fat emulsions (IVFE), vitamins, minerals,
electrolytes and fluids. Contraindications for the use of PN include
a functional GI tract, if the risks outweigh the benefits, or if the
individual is in a terminal or untreatable state.

PN can be administered using various access methods. Central
administration of IV nutrition uses a large vein such as the internal
jugular. The accesses typically used are either a percutaneous catheter
or tunneled catheter, implanted port, or peripherally inserted central
catheter. Because a large vein is used, osmolarity limits of substrates
are not a concern as with peripheral administration of nutrition.

Peripheral parenteral nutrition (PPN) uses a peripheral vein in an
upper extremity via a conventional needle access; however, it is recom-
mended that substrates be limited to 900 mOsm/L in order to avoid
sclerosis of the vein (24,25). This generally limits the solution to an
8.5% AA and 20% dextrose or a final concentration of 4.25% AA and
10% dextrose. IVFE are isotonic, therefore, they can be administered
peripherally and provide a concentrated source of calories. The site
of the needle access may need to be changed frequently as a result
of vein irritation and instability; however, the addition of heparin and
hydrocortisone to a peripheral solution has been noted to improve
tolerance (24,25). PPN requires a larger volume of solution such as
3L to meet the nutritional requirements, which is an amount unreal-
istic for the individual with stage 5 CKD who has fluid restrictions.
Thus, central access is the preferred and necessary route for PN in this
population.

PN solutions may be provided as a “2-in-1” solution which the
carbohydrate, protein, vitamins, electrolytes, minerals, additives and
sterile water are combined in one solution. IVFE can be adminis-
tered separately from the “2-in-1” solution. When IVFE are added
to the PN solution, it forms a total nutrient admixture (TNA) or a
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“3-in-1” solution. Most individuals receiving home PN utilize the TNA
solution. A TNA solution allows for a more concentrated solution and
use of 30% IVFE for individuals with fluid limits. A 30% IVFE is
intended for use only in a TNA, and it is not intended for direct infusion
(26). A 30% emulsion has a lower-phospholipids-to-triglyceride-ratio
that may provide an advantage over 10% and 20% emulsions; however,
further research is needed (26).

3.2. Nutrient Substrates
3.2.1. PROTEIN

Protein is provided in the PN formula to provide a source of nitrogen.
Crystalline AA are the source of protein, with commercial solutions
being available in concentrations of 3.5-20%. The concentration used
will be based on an individual’s protein requirements, fluid allowance
and availability in the formulary. The adult patient with stage 5 CKD
who has an increased protein requirement and often limited fluid
allowance would generally use more concentrated AA solutions such
as 10, 15, or 20%. Standard AA solutions include a balance of essential
amino acids (EAA) and nonessential amino acids (NEAA). Renal
failure formulas are modified in AA content and contain EAA or a
combination of EAA and NEAA. The administration of only EAA for
longer than 2-3 weeks may result in the development of hyperam-
monemia and metabolic encephalopathy (8). For individuals with renal
failure, arginine, ornithine and citrulline should be supplied to enable
detoxification of ammonia via the Kreb’s urea cycle (8).

3.2.2. CARBOHYDRATE

Carbohydrates provide a source of calories and are supplied as
an anhydrous dextrose monohydrate in sterile water. It is available
in concentrations ranging from 5 to 70% and provides 3.4 kcal/g of
dextrose. The amount of dextrose provided is intended to support the
energy needs of the individual with careful consideration of achieving
tight glycemic control and minimizing the carbohydrate load, partic-
ularly for the individual requiring ventilator support. Although exact
carbohydrate requirements have not been clearly identified, a minimum
of 100 g/day is suggested, with general recommendations to provide
60% of total kcal as carbohydrates, not to exceed 5 mg/kg/min or
7 glkg/day (8,16,22,24). For the individual with CKD, fluid constraints
combined with energy needs and glycemic control impact the selection
of the percentage of dextrose and volume used. A more concentrated
solution of 40-70% dextrose is often used.
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3.2.3. Far

Lipids provide a source of essential fatty acids and a concentrated
source of calories. Long-chain fatty acid emulsions are the only source
of IVFE currently available and may be made from either soybean oil
or a combination of safflower and soybean oils. IVFE are available
as either 10, 20, or 30% solutions; the 30% solution is reserved for
TNA. IVFE contain egg phospholipids as an emulsifier with glycerol
to adjust the osmolarity. IVFE are contraindicated in individuals who
have an egg allergy because of the egg phospholipids and require
evaluation for individuals with a soy allergy. IVFE contribute to the
phosphorus and vitamin K intake.

General recommendations are to provide 20-35% of total calories
as fat or 1 g/kg/day in critical illness (8,16). Lipids should not exceed
more than 60% of total calories, or supply more than 2.5 g/kg/day
(16,27). Lipid requirements can be met by providing 2—4% of calories
as linoleic acid, 0.25-0.5% of total calories as «-linolenic acid or
about 10% of total calories as a commercial lipid emulsion (16,24).
As newer commercial lipid emulsions are introduced, the minimum
amount given is based on the linoleic acid content rather than the
percentage of total calories (24). Other lipid sources such as propofol
contribute fat calories and should be calculated in the individual’s
overall caloric and lipid intake. Propofol provides 1.1kcal/mL and
0.1 g fat/mL.

Serum triglyceride, alanine aminotransferase, aspartate aminotrans-
ferase and alkaline phosphatase should be monitored before the initi-
ation of PN and routinely thereafter following administration of
IVFE (22). An increase in these parameters suggest impaired hepatic
clearance of the lipid load (22). A serum triglyceride level greater than
250 mg/dL after 6 hours of infusion suggests poor clearance of lipids
(27). Another suggestion is to maintain triglyceride values <400 mg/dL
while IVFE are infusing (24).

IVFE of 20-30% concentrations are usually recommended to
conserve fluids, and it should be infused over a 12 hours period (24).
IVFE products need to be used within 12 hours of opening when given
as a separate infusion because of the concern for microbial contami-
nation (/6,28). The IVFE infusion rate should not exceed 0.125 g/kg/h
(16). Omega-6 fatty acid intake requires monitoring as high doses are
associated with hypoxemia, bacteremia and suppression of immune
function (22). The use of IVFE as part of long-term therapy may
include hepatomegaly, jaundice due to central lobular cholestasis,
splenomegaly, thrombocytopenia, leucopenia, transient increases in
liver function tests, overloading syndrome and deposition of brown
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pigment (fat pigment) in the reticuloendothelial tissue of the liver of
which this cause is unknown (29). IVFE containers should never be
used if visual changes or precipitates are seen, nor should any partly
used container be stored for later use (28,29).

3.3. Parenteral Additives

Electrolytes, vitamins and minerals may be added to the solution
to provide complete nutrition. PN should not be used as a vehicle
for the administration of medications (/6,30). Although insulin is
routinely added to PN, it has been associated with harmful effects;
therefore, when insulin is added, adherence to defined protocols is
paramount (/6). Medication stability and compatibility with TNA or
2 in 1 solutions need to be checked as data are limited (30).

3.3.1. FLUID AND ELECTROLYTES

Impaired kidney function impacts on the ability of the kidneys to
maintain normal fluid and electrolyte balance. The individual with
stage 5 CKD requiring HD needs to limit fluid intake, as urinary output
generally declines in proportion to the decreasing glomerular filtration
rate. Daily fluid intake usually corresponds to fluid output. If urine
output is greater than 1 L/day, 2 L of fluid intake/day is recommended
to keep intradialytic weight gain to less than 5% of the individual’s
dry weight (317). If urine output is less than 1 L/day, fluid intake of
1-1.5L/day is recommended (3/). Over time, patients with stage 5
CKD become oliguric (i.e., urine output declines to <400 mL/day)
or anuric (urine output < 100 mL/day), which necessitates tighter
fluid management. Volume is also limited in the individual with heart
failure. The fluid recommendation for PD is 1-2 L/day and needs to
be individualized to patient tolerance with minimal use of hypertonic
solutions to maintain fluid balance.

Electrolyte requirements have been established for individuals with
normal kidney function along with suggested values for individuals
with kidney failure (8). An individual with stage 5 CKD on PN
will require an assessment of body weight, nutrition status, serum
electrolyte values, residual kidney function, comorbid diseases and
medications. Advanced renal failure results in more severe alterations
of fluid and electrolyte balance. Serum potassium, magnesium and
phosphorus levels may increase with declining kidney function because
of impaired excretion. Management of electrolytes requires careful
monitoring of laboratory values to minimize the potential risk of
complications and to meet the patient’s needs.
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Sodium and potassium may be available as chloride, acetate,
phosphate or lactate. Magnesium is most often available as the sulfate
salt. Calcium gluconate is used most frequently as it is the most soluble
(24). Parenteral AA solutions include small amounts of electrolytes
and acetate need to be calculated into the total solution. Acetate, a
bicarbonate precursor, is used for PN rather than bicarbonate because
of concerns of pH changes and the risk of insoluble precipitation with
calcium and magnesium (24). Acetate can be metabolized to bicar-
bonate by the liver. Individuals with acidosis may be treated with the
addition of acetate; however, the amount will be dependent on sodium
and potassium additives. Bicarbonate may also be used to treat acidosis
but would require access using a separate line. The amount of calcium
and phosphorus requires careful monitoring as excess amounts added
to the PN solution may result in insoluble precipitation causing crystal
deposition that may lead to death (24).

3.3.2. VITAMINS AND TRACE MINERALS

The American Medical Association Nutrition Advisory Committee
has made recommendations for the inclusion of multivitamins (MVI)
and trace elements for individuals who require PN (8). Recommenda-
tions for individuals with renal failure are published by the American
Society of Parenteral and Enteral Nutrition (8). Ambler and Kopple
(32) recommend 10 wg chromium, 1 mg copper, 75 g iodine, 500 g
manganese, 60 g selenium and 5 mg zinc once per week for the
individual with stage 5 CKD who receives PN for greater than 2 weeks.

Commercially available parenteral MVI preparations for adults
contain 12 of the known vitamins; vitamin K has been added to create
MVI 13. The current MVI 13 contains 150 wg vitamin K, whereas
MVI 12 does not contain any Vitamin K. IVFE also contains vitamin
K related to the oils, which lipid emulsions are manufactured from
(soybean or a combination of soybean and safflower). Soybean oil
contains between 150 and 300 g vitamin K/100g of oil, whereas
safflower oil contains 6-12 g of vitamin K/100g of oil (/4). It is
expected that those IVFE that contain more soybean oil would be
higher in vitamin K. Recommendations for vitamin K are 1 mg daily
(8), or 2-4 mg vitamin K/week (33), which can be met using the IV
MVI preparation and IVFE. All sources of vitamin K (IVFE, MVI,
intramuscular injections or oral or tube feeding products if used) should
be assessed. Consideration should be given to adjusting dosage of
anticoagulation in this setting.

Parenteral MVI contains 1 mg vitamin A, whereas oral vitamins
used for dialysis patients do not contain vitamin A. Total vitamin A
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intake, whether oral or parenteral should be monitored, particularly in
individuals who require long-term PN support as toxicity may cccur
in presence of renal failure.

The Food and Nutrition Board of the National Academy of Sciences
recommended that vitamin C in parenteral preparations be increased
from 100 to 200 mg daily (34). Doses of IV vitamin C at this level
can increase urinary oxalate excretion that could potentially elevate
the risk of calcium oxalate crystallization in individuals susceptible to
nephrolithiasis (34,35). Long-term use of PN in individuals receiving
home support, in those with risk factors for nephrolithiasis (e.g.,
significant GI disease), in those with reduced kidney function, and
in those with other dietary sources of vitamin C, require careful
monitoring (34).

The use of IV iron in PN remains controversial, and supplemen-
tation has been associated with increased proliferation of microor-
ganisms (36); therefore, iron is recommended via the enteral route
when possible (/6). Iron cannot be added to a TNA solution because
of its incompatibility with lipids. When iron dextran is added to
non-IVFE-containing PN solutions, compatability limits should be
monitored (/6).

The selection and amount of trace elements administered to patients
with CKD varies considerably. Trace elements may be either withheld,
given several times per week, administered in a half dose, or specific
trace elements are ordered individually. It is often difficult to predict
the exact amount required for this population as many of the patients
have comorbid conditions and unique nutritional demands. A combi-
nation of clinical judgment, assessment of symptoms and evaluation
of laboratory data should be considered when deciding to administer
trace elements and amounts. It is necessary to consider the route of
excretion and losses associated with renal replacement therapy (RRT).
Additionally, the clinician should evaluate for potential risk for losses
(malabsorption, fistula or stool) versus risk for toxicity secondary to
impaired renal or biliary excretion. For example, selenium may be
a concern for anuric patients as selenium homeostasis is maintained
through urinary excretion. Furthermore, selenium deficiency has
been reported in critically ill patients and those receiving long-term
PN (36).

Individuals with hepatobiliary disease have impaired excretion
therefore should receive reduced amount of manganese and copper
(16). These trace elements should be avoided in individuals with
chronic hyperbilirubinemia.
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There appears to be a protective effect of the GI tract as a barrier
for aluminum absorption (37). However, because aluminum is cleared
primarily via the kidney, individuals with impaired renal function
are at risk for toxicity (37). Most published reports of toxicity relate
to the use of PN and/or the use of aluminum hydroxide phosphate
binders (37,38). Therefore, individuals with renal dysfunction and
long-term PN require monitoring due to the combined risk factors
(38). Changes in bone formation and parathyroid hormone (PTH)
secretion along with anemia and central nervous system changes have
been associated with aluminum toxicity (16,21). As of July 2004,
the Food and Drug Administration (FDA) mandated that manufac-
turers of PN products measure the aluminum content and disclose it
on the label (/6). The maximum limit of aluminum is 25 wg/L for
large volume parenterals (i.e., AA solutions, concentrated dextrose
solutions, IVFE and sterile water for injection) (/6). The maximum
amount of aluminum identified by the FDA that can be safely tolerated
is Swg/kg/day (21). Continued research, reporting of outcomes and
observations which helps strengthen evidence-based guidelines are
needed in this area.

3.3.3. OTHER ADDITIVES

Choline can be made from the AA methionine. Choline is used to
make the phospholipid lecithin and the neurotransmitter acetylcholine.
Further research is needed to determine the need for restriction or
supplementation of choline in the stage 5 CKD population, particu-
larly when requiring long-term PN where choline deficiency has been
associated with hepatic steatosis (39).

Other additives to the PN solution may include heparin to reduce
complications of catheter occlusion related to fibrin formation around
the catheter tip (24), with a general recommendation of 1 U/mL volume
for central access (40). Heparin should be avoided in patients with
heparin antibodies and patients who have had a bone marrow trans-
plant (40).

Regular insulin can be added using 0.2-0.3 units per gram of
carbohydrate per 24 hours to control glucose levels in patients with
type 1 diabetes (40). For patients with type 2 diabetes or those with
iatrogenic hyperglycemia insulin can be administered as two-thirds
of the previous 24 hours insulin coverage (40). H2-receptor blockers
including famotidine, ranitidine or cimetidine can be added with dose
adjustments according to the stage of kidney disease.
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3.4. Initiation and Monitoring of Parenteral
Nutrition Support

PN orders should consider the patient’s fluid, electrolyte and acid
base balance status, glycemic control and access availability (41,42).
When initiating PN, it is recommended to use a volume of 1L or
to limit total calories until an assessment of patient’s tolerance and
laboratory parameters are made. The total volume can be delivered
safely with limiting the dextrose calories; however, the clinician needs
to assess all other sources of fluid and combine or adjust sources
based on status. When the total fluid volume needs to be reduced, total
infusion of PN may be limited to 1-1.5 L/day. Meeting of RRT goals
and monitoring overall volume status of patient will determine fluid
allowances when starting PN and identifying the safe total volume
allowance.

Correction of electrolyte disturbances is recommended prior to
starting PN. Refeeding syndrome can be avoided by limiting the
amount of carbohydrate in feedings (8). Consider refeeding abnormal-
ities that can occur and what correction factors have been implemented
using RRT. For example, if an individual is at risk for refeeding
syndrome (which can lower serum potassium), the same individual may
have hyperkalemia because of kidney failure, therefore, the dialysate
solution can be adjusted to a low potassium bath. Caution should be
taken that the potassium does not fall to an undesirable level with the
initiation of PN. Thus, it is important to assess the whole picture.

Current literature supports normoglycemia to reduce the morbidity
and mortality of critically ill patients (4/). Hyperglycemia has been
associated with decreased immune function and increased risk of infec-
tious complications; therefore, efforts to monitor and achieve blood
glucose control are recommended. Conservative initiation of PN and
glycemic control takes precedence over aggressive feedings. Dextrose
may be limited to 100-150 g/day for the first day, particularly in
individuals with diabetes who are at risk for refeeding syndrome, or
with steroid use (24). Advancement to goal rates should be made as
glucose levels permit.

Protein can be administered at full dose. IVFE may be started at full
dose provided serum triglyceride levels are within normal range (24),
or administered at 0.5 gm/kg/day and advanced to meet the individual’s
needs while checking plasma triglyceride levels (42). Hypertriglyc-
eridemia should be avoided in order to prevent the potential devel-
opment of pancreatitis (8).
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Acid base abnormalities may be a result of the individual’s under-
lying condition, although nutrition support can also influence the values
as well. Manipulation of the acetate and chloride content of the PN
may aid in the correction of such abnormalities. Serum electrolytes
should be monitored closely.

3.5. Discontinuing Parenteral Nutrition

Hypoglycemia can occur if the solution is discontinued abruptly;
however, this is an uncommon event. Prevention tactics include
tapering the PN solution, hanging 10% dextrose at the same rate as
the PN, monitoring serum glucose levels when insulin is being given,
and assessing other sources of nutrition (IV, tube feedings or oral
intake).

3.6. Monitoring Clinical and Laboratory
Parameters

General guidelines for monitoring clinical and laboratory parameters
in patients receiving PN include obtaining a baseline comprehensive
metabolic panel, daily weights, intakes and output, daily laboratory
values until stable then weekly thereafter. Serum glucose three times
per day until stable. Serum triglyceride levels should be checked prior
to the infusion of lipids. Liver enzymes, bilirubin and a complete
blood count should be checked when PN is initiated, then two to three
times per week until stable, then weekly (27). Vitamin D, calcium and
phosphorus, aluminum and PTH should be checked monthly for stage 5
CKD patients requiring dialysis and receiving PN, along with monthly
assessment of transport proteins (27). Frequency of monitoring will be
based on acuity and results. Less frequent monitoring can be used as
patient stabilizes (Table 5).

4. INTRADIALYTIC PARENTERAL NUTRITION

IDPN consists of the infusion of nutrients through the venous drip
chamber during the HD treatment. The nutrients can consist of AA
(EAA, NEAA or both), glucose and IVFE (Refer to Table 6 for sample
IDPN formulas). The use of IDPN was first reported by Heidland and
Kult (43) in 1975 when they infused EAA plus histidine during the
later part of a HD treatment. There is concern that AA loss during the
HD treatment may contribute to the overall poor nutritional status of
patients on chronic HD. In fact, Giordano et al. (44) showed an average
loss of 1.5-2 g of free AA per hour during HD. Furthermore, Wolfson
et al. (45) demonstrated that with standard dialyzers, approximately
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Table 6
Different Formulations for Intradialytic Parenteral Nutrition
Non-protein
Type Composition kcal Kcal Volume
250 mL D50W 125 g dextrose 525 425 500 mL
250 mL 10% AA 25 g protein
250 mL D50W 125 g dextrose 1097 925 1000 mL
500mL 8.5% AA 43 g protein
250 mL 20% lipids 50 g fat
250 mL D50W 125 g dextrose 1025 925 750 mL
250mL 10% AA 25 g protein
250 mL 20% lipids 50 g of fat
500 mL D50W 250 g dextrose 1070 850 1050 mL.
550mL 10% AA 55 g protein
250 mL D50W 125 g dextrose 815 595 500 mL
250 mL 10% AA 55 g protein
250 mL D70W 175 g dextrose 1395 1095 1000 mL

500mL 15% AA
250 mL 20% lipid

75 g protein
50 g of fat

AA, amino acid.

Source: Product information.

8 g of AA was lost into the dialysate during a routine HD treatment.
On the other hand, the same group was able to demonstrate that when
an infusion of AA plus glucose was given during HD, 79% of the AA
was retained. Therefore, AA and glucose supplementation during HD
may be used to avoid net AA loss and potentially provide a nutritional
supplement. Some research has been reported on the effectiveness of
IDPN, but larger clinical trials are needed to determine the impact of
IDPN on patient outcomes (43,46-57).

4.1. Indications and Qualifications of Therapy

More specific guidelines for initiating IDPN in chronic HD include
the following: a weight of less than 90% of the ideal body weight, a
weight loss of more than 10% over 6 months, triceps skinfold thickness
less than 6 mm in males or less than 12 mm in females, serum albumin
less than 3.4 g/L, or a protein catabolic rate of less than 0.8 g/kg/day
(58,59).



Chapter 12 / Nutrition Support 329

High cost and reimbursement issues limit the use of IDPN in the HD
population. In fact, Foulks (60) indicated that the cost of IDPN may
be as high as $30,000 per year, per patient. In order to justify IDPN in
a patient, a chronic GI disorder, such as severe diabetic gastroparesis,
must be present, which would prohibit the use of the enteral route
for feeding. An intact GI tract would otherwise allow the use of oral
feeding with supplements or even tube feedings to meet the nutritional
needs. Furthermore, it is understood that IDPN can only meet part of
the nutritional needs of a given patient and that a minimal oral intake
is necessary which may need to make up as much as 50% of the
nutritional requirements. Lastly, IDPN is not a substitute for PN. If
the nutritional needs exceed what IDPN supplemented with oral intake
can provide, PN should be utilized.

4.2. Monitoring

Hyperglycemia may occur as a result of the high dextrose load,
and blood sugars should be monitored before, during and after HD.
If insulin is required, it can be given during the treatment with the
IDPN. Rebound hypoglycemia may also occur after dialysis, and it has
been recommended that a snack consisting primarily of carbohydrates
be given towards the end of dialysis. Hypokalemia, hypomagnesemia
and hypophosphatemia have been reported and may result from high
insulin levels, or the development of an anabolic process that would
increase the intracellular concentrations of these various electrolytes.
If electrolytes are added to the IDPN, the concentrations should be
monitored accordingly. When IVFE are utilized, the patient should be
observed for signs of lipid intolerance during the first administration.
Protocols have been suggested for lipid monitoring (6/). Generally,
IVFE infusions should not exceed 2.5 g/kg/day.

The additional volume of IDPN which can vary between 500 and
1000 mL does not seem to be a problem as it can generally be removed
with ultrafiltration. Lastly, pain or cramping in the access arm has
infrequently been reported during the infusion. The cause has not been
defined; however, it may be related to the hypertonicity of the infused
solution. A number of adverse effects can occur with IDPN. For the
most part, these are infrequent and mild in severity and can sometimes
be eliminated with various adjustments in the treatment.

5. INTRAPERITONEAL NUTRITION

PD consists of a solute and fluid exchange between the peritoneal
capillary blood and the dialysate solution within the peritoneal cavity
across the peritoneal membrane. The standard peritoneal fluid contains
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a concentration ranging from 1.5 to 4.25% glucose serving as the
osmotic agent. IPN consists of the infusion of AA and/or glucose into
the peritoneal cavity. This process involves the replacement of one
or up to two exchanges of dextrose-based dialysate with 1-2% AA
solution. The net absorption of AA has been shown to have a positive
impact on the protein-calorie malnutrition found in the peritoneal
dialysis population. The potential for the peritoneum to absorb fluid
and nutrition was suggested in 1918 by Blackfan and Maycy (62) when
normal saline was infused into the peritoneal cavity of dehydrated
children. This in fact preceded the first report of PD being used to treat
renal failure by Ganter in 1923 (63). In 1979, a report by Oreopoulous
et al. (64) described the use of AA instead of glucose as both an
osmotic agent and a nutritional source.

The use of AA-based dialysis solutions must address the degree of
net AA absorption and the potential for ultrafiltration. Williams et al.
(65) reported that the absorption of AA is between 70 and 90% after a
6 hours dwell. This may vary with the patient’s membrane character-
istics and dwell time. Therefore a 2-L. bag of 1% AA solution will
provide approximately 14 g of AA. Furthermore, it has been shown by
Oren et al. (66) that there may be general improvement in the plasma
AA profile. Generally, one 2-L bag of AA-based solution is substituted
for a dextrose-containing bag in the evening exchange. Therefore, it
has been demonstrated that there is a net AA reabsorption that could
potentially have a positive impact on the nutritional status in patients
on PD (67-70)

5.1. Indications

According to the National Kidney Foundation Kidney Disease
Outcome Quality Initiative recommendations (71), patients may benefit
from AA-based solutions if they satisfy the following criteria: (i)
evidence of protein malnutrition and inadequate dietary protein intake;
(ii) inability to administer or tolerate adequate oral protein nutrition,
including food supplements, or enteral tube feeding; (iii) the combi-
nation of some oral or enteral intake, which when combined with
AA-based solutions will meet the individual’s nutritional goals.
Furthermore, in patients who have difficulty controlling hyper-
glycemia, hypercholesterolemia or hypertriglyceridemia that is related
to excessive carbohydrate absorption from peritoneal dialysate, AA-
based solutions may reduce serum glucose and lipid levels. It should
be understood that AA-based solutions should not take the place of
total PN when a patient’s daily protein requirements are such that PN
would be the treatment of choice.
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5.2. Monitoring

Side effects of AA dialysate can occur and, for the most part, are
mild in nature. Azotemia may worsen and can be associated with
GI symptoms such as nausea and vomiting. One should monitor the
BUN, and symptoms generally resolve with decreased AA load. Serum
bicarbonate level should be monitored. If there is evidence of metabolic
acidosis, it is usually mild and decreases with an adjustment of the
AA load or the addition of an alkalizing agent.

6. CONCLUSION

Patients with stage 5 CKD are at nutritional risk and require
a thorough nutrition assessment to formulate appropriate nutrition
prescriptions. The decision to initiate nutrition support and what
type of support should be based on the patient’s overall clinical
condition, nutritional status and laboratory results. Individuals
requiring nutrition support must be monitored closely to avoid potential
complications.

Periodic reassessment of the patient with stage 5 CKD is important
to assure nutrient adequacy, the need for formula changes based on
the individual’s needs, weight status, and goals, along with overall
tolerance. An interdisciplinary team approach should be implemented
when providing patient care and nutrition support. It is vital to look at
the whole picture, and evaluate the patient’s clinical status, mode of
dialysis and medications in order to provide the most comprehensive
care and assure the safety of the patient.

7. CASE STUDY

An 8l-year-old male on HD for several years with multiple
medical problems developed a state of severe malnutrition after being
hospitalized for respiratory failure and pneumonia. Patient’s albumin
decreased to 2.4 gm/dL and lost approximately 7 kg of body weight.
Patient was started on IDPN twice a week as an outpatient. The formu-
lation consisted of 500 mL of 50% dextrose in addition to 50 g of
protein. Serum albumin increased from 2.4 to 2.9g/L in 4 months.
Renal dietary restrictions were relaxed and he was encouraged to eat
whatever he wished. Subsequently, his appetite actually improved and
he gained 3 kg of lean body weight. His activity level also increased
and he began to travel with his family and attend social functions.
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7.1. Questions

1.

Sk w

What frequently precipitates severe malnutrition in a previously stable
CKD 5 patient?

How often is IDPN administered?

How is nutritional improvement recognized?

Can one’s appetite improve?

What are the potential benefits of this form of nutritional support?
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LEARNING OBJECTIVES

1. Identify the epidemiology and principal causes of anemia in patients
with chronic kidney disease.

2. Describe the physiology of red blood cell production and how erythro-
poietin deficiency, iron deficiency, and other factors contribute to
anemia of chronic kidney disease.

3. Discuss how recombinant human erythropoietin and other erythro-
poietic stimulating agents as well as oral and intravenous iron are used
to treat anemia in patients with chronic kidney disease.

4. Discuss the recent Kidney Disease Outcomes Quality Initiative Guide-
lines for the diagnosis and treatment of anemia in patients with chronic
kidney disease.

Summary

Anemia is a significant cause of morbidity and mortality in patients with
chronic kidney disease and end-stage renal disease. The anemia in this setting
results primarily from inadequate erythrocyte production by the bone marrow
due to a deficiency of erythropoietin. Other factors may contribute to the devel-
opment of anemia, including most notably iron deficiency, inflammation, and
malnutrition. Treatment options, including recombinant human erythropoietin
and darbepoetin alfa along with appropriate oral and intravenous iron therapy,
are effective in correcting anemia in these patients and result in improved
quality of life and clinical outcomes.
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1. INTRODUCTION

Hemoglobin (Hb) is an iron-containing protein found in erythro-
cytes. Oxygen that diffuses from the lungs into the bloodstream is taken
up by Hb in circulating erythrocytes, which deliver it to body tissues for
use in metabolic processes. Thus, the Hb concentration in the blood is a
good measure of the body’s overall oxygen carrying capacity. Normal
mean Hb levels are 15.5 g/dL in men and postmenopausal women, and
14 g/dL. in premenopausal women (/). While there is not one univer-
sally accepted definition, the World Health Organization has defined
anemia as an Hb level of less than 13 g/dL in men and postmenopausal
women and less than 12 g/dL. in premenopausal women (2). Another
measure of red cell volume, the hematocrit (Hct), is a less accurate
test, so Hb measurement is preferred.

Anemia arises as an early complication of chronic kidney disease
(CKD), often as the glomerular filtration rate (GFR) falls below about
60 ml/min/1.73 m?. The prevalence and severity of anemia in CKD
patients increase with worsening kidney function. Anemiais presentin as
many as 90% of patients with stages 4 and 5 CKD (GFR <30 ml/min/1.73
m?) and is almost universally present when patients reach the need
for dialysis (3). The anemia of CKD is normocytic and normochromic
with a low corrected reticulocyte count. Although bone marrow exami-
nation is not routinely performed in clinical practice to evaluate anemia
in patients with CKD, its appearance is generally normal.

Clinical practice guidelines and recommendations for anemia in
patients with CKD from the National Kidney Foundation’s (NKF)
Kidney Disease Outcomes Quality Initiative (KDOQI) have recently
been revised (4,5). It is now recommended that Hb testing should be
carried out at least annually in all patients with CKD, regardless of stage
or etiology, with a diagnosis of anemia being made and further evalu-
ation undertaken when the Hb is less than 13.5 g/dL in adult males and
12 g/dL. in adult females. This evaluation should include a complete
blood count, serum red blood cell indices [mean corpuscular volume
(MCYV), mean corpuscular hemoglobin concentration (MCHC)], reticu-
locyte count, iron parameters such as percentage transferrin saturation
(TSAT; serum iron/total iron binding capacity x 100), Hb content of
reticulocytes (CHr), and serum ferritin, and a test for stool occult blood.

2. ERYTHROPOIETIN AND ANEMIA
IN PATIENTS WITH KIDNEY DISEASE

Anemia in patients with CKD is multifactorial, but it is caused
primarily by insufficient production of erythrocytes by the bone
marrow due to a deficiency of erythropoietin (6). Erythropoietin is
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a glycoprotein made primarily by peritubular interstitial cells in the
kidneys, and to a much lesser extent by the liver. When erythropoietin-
producing renal cells sense decreased oxygen delivery as a result
of anemia or hypoxia, they upregulate their production of erythro-
poietin several 100-fold (7). Transcription of the erythropoietin gene
is regulated by a variety of factors, the most important of which is
the transcription factor hypoxia inducible factor (HIF). HIF is stabi-
lized in the presence of hypoxia and enhances transcription of the
erythropoietin gene. Erythropoietin binds to receptors on the surface
of erythropoietic precursor cells in the bone marrow. The successful
maturation of these cells into circulating red blood cells requires the
presence of erythropoietin. This activity increases Hb levels, improves
oxygen delivery to the erythropoietin-producing cells in the kidneys,
and decreases the stimulus for making erythropoietin in a classic
feedback loop system. The kidneys of patients with CKD make erythro-
poietin, but in an amount that is inadequate to maintain normal levels
of erythrocyte production (6).

Erythropoietin was first purified from over 2500 L. of human urine
in 1977. The gene for erythropoietin was cloned in 1985, and in 1989,
based on clinical trials in patients on hemodialysis, the U.S. Food and
Drug Administration (FDA) approved recombinant human erythro-
poietin (epoetin) for use in patients on dialysis (8,9). FDA approval of
epoetin for other indications followed shortly thereafter, including for
patients with CKD not on dialysis. The success of replacement therapy
with epoetin, as well as other erythropoietic stimulating agents (ESAs),
has served to confirm that erythropoietin deficiency is the primary
etiology of anemia in patients with CKD. Specific details regarding
ESA use are discussed below.

3. OTHER FACTORS CONTRIBUTING
TO ANEMIA OF CKD

While erythropoietin deficiency is clearly the single most common
underlying factor in the anemia of CKD, other potential factors exist,
including decreased red blood cell life span, inhibition of the respon-
siveness of the erythroid bone marrow to the effects of erythropoietin,
gastrointestinal tract and surgical blood loss, nutritional deficiency
(i.e., folic acid or vitamin B12 deficiency), infectious and inflam-
matory disorders, hemolysis, severe hyperparathyroidism, malignancy,
and infiltrative processes of the bone marrow (Table 1). A causative
role for uremic inhibitors of erythropoiesis has been suggested, but
remains speculative. Besides erythropoietin deficiency, iron deficiency
is the next most common factor contributing to the anemia of CKD.
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Table 1
Causes of Anemia in Patients with CKD and ESRD

Erythropoietin deficiency

Uremic inhibition of erythropoiesis
Inflammation

Infection
Malnutrition-Inflammation Complex
Iron deficiency

Folic acid deficiency

Vitamin B12 deficiency
Hyperparathyroidism

Primary bone marrow disorders
HIV infection

Hemolysis

Malignancy

CKD, chronic kidney disease; ESRD, end-stage renal disease;
HIV, human immunodeficiency virus

3.1. Iron Deficiency

Iron is an essential component of Hb and is necessary for normal
production of red blood cells. Iron is stored as part of the storage
protein ferritin in the liver, spleen, and bone marrow, until it is released
into the blood for red blood cell synthesis. The primary iron source
for erythropoiesis is circulating iron that is bound to the transport
protein transferrin, which delivers iron to the bone marrow where it
is incorporated into Hb. At the end of their lifespan, erythrocytes are
removed from the circulation by processing cells called macrophages
and broken down to recover their iron content. The iron is recycled
into the bloodstream to be bound by transferrin, ready to be used again
by the bone marrow for red blood cell production. Without an adequate
supply of iron, red blood cell production declines even if sufficient
erythropoietin is present. Iron deficiency is a major correctable cause of
anemia in CKD and end-stage renal disease (ESRD) patients (10,11).

Two blood tests are most commonly used clinically to assess iron
status (4,12). The serum ferritin level is used as an indirect marker
of total body iron storage. It is also an “acute-phase reactant” and is
increased in the presence of inflammatory processes independent of
iron stores. For this reason, it is not a very sensitive marker of iron
deficency. The serum TSAT reflects the amount of circulating iron
that is available for delivery to the bone marrow for erythropoiesis.
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This test also has significant limitations, for it has high variability and
only modest specificity for iron deficiency. Another test, the retic-
ulocyte hemoglobin content (CHr) may be a better marker of iron
deficiency than TSAT or serum ferritin but is not yet widely used (13).
Absolute iron deficiency is a state where circulating iron and the
body’s total iron stores are depleted. This is often defined in patients
with CKD by a TSAT less than 20% (or CHr less than 29 pg/mL) and
a serum ferritin of less than 100 ng/mL (4). Functional iron deficiency
is a condition in which iron stores are adequate, but the need for iron
for erythropoiesis is greater than the amount that can be mobilized
from the body’s iron stores and delivered to the bone marrow. It is
typically characterized by a TSAT less than 20% and serum ferritin in
the range of 500-800 ng/mL or higher. Initiation of ESA treatment may
accelerate bone marrow utilization of iron, resulting in functional iron
deficiency. Unfortunately, acute and chronic inflammatory conditions
may also be associated with similar iron indices, thus confounding the
identification of iron deficiency as the cause for the anemia.

3.2. Inflammation

CKD appears to be a state of chronic inflammation, although why
this is so is not yet clear. Both acute and chronic inflammation
are associated with production by immune cells of proteins called
cytokines, including tumor necrosis factor-alpha (TNF-alpha) and
interleukins (ILs), and activation of the acute-phase response associated
with elevation of C-reactive protein (CRP) levels and reduction in
serum albumin level (/4,15). Inflammation contributes to anemia by
inhibiting the bone marrow’s responsiveness to endogenous erythro-
poietin and ESA therapy (/6). Pro-inflammatory cytokines like TNF-
alpha inhibit erythropoietin production and suppress development of
red blood cell precursors in the bone marrow. Inflammation also causes
cytokine-mediated dysregulation of iron balance in the body, reduces
oral iron absorption, and inhibits release of iron from its storage sites
in the liver, spleen, and bone marrow (17).

An emerging understanding of the importance of cytokine-mediated
disruption of normal iron metabolism during chronic inflammation has
recently begun to take shape. Hepcidin is a small circulating regulatory
peptide that appears to act as a regulator of iron homeostasis and iron
availability (/8). In states of chronic inflammation where the gener-
ation and release of pro-inflammatory cytokines is increased, hepcidin
production has been found to be increased as well. Increased circulating
hepcidin inhibits macrophage iron release, reduces gastrointestinal tract
absorption of iron, and increases sequestration of iron into iron stores.
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Thus, hepcidin directly causes less iron to be available to the bone
marrow for use in erythropoiesis.

Inflammation is also believed to contribute to protein calorie malnu-
trition via cytokine effects in mediating anorexia and increased protein
catabolism. The term Malnutrition-Inflammation Complex Syndrome
(MICS) has been used to encompass both the malnutrition and inflam-
mation components, which appear to perpetuate one another and are
often found concurrently in CKD and end-stage renal disease (ESRD)
patients with anemia (/9). The MICS has been associated with markers
of inflammation, such as low serum transferrin, high CRP and IL-6,
and decreased cholesterol and pre-albumin levels (reflecting malnu-
trition), as well as a lower subjective global assessment of nutrition
scores. MICS and its attendant inflammatory state have been found
to correlate with anemia and hyporesponsiveness to erythropoietin
therapy in these patient populations.

A recent theory proposes that leptin, a hormone produced by
the body’s fat cells that functions to maintain body fat content, is
protective against refractory anemia in patients with CKD and ESRD.
Malnutrition leads to decreased fat cells and therefore decreased
leptin production and signaling. Serum leptin levels correlate inversely
with epoetin requirements in chronic hemodialysis patients and CKD
patients not yet on dialysis (20,21).

3.3. Infection

The presence of impaired kidney function is associated with an
increased risk of infection because of a chronically immunodeficient
state mediated by circulating “uremic toxins,” the presence of percu-
taneous dialysis catheters or indwelling synthetic arteriovenous bridge
grafts, and the presence of diabetes mellitus and other conditions
that may increase infection risk. In patients with CKD and ESRD,
infection impairs the responsiveness to native erythropoietin as well
as ESA therapy by mediating increased cytokine release, similar to the
process in non-infectious, inflammatory states. With recurrent bouts
of infection or persistent infection, chronic inflammation develops in
which elevated levels of circulating cytokines inhibit erythropoietin
production and suppress bone marrow responsiveness to erythro-
poietin.

3.4. Folic Acid and Vitamin B12 Deficiency

Folic acid and vitamin B12 are important for the proper formation
and maturation of erythrocytes. Deficiency of either folic acid or
vitamin B12 can result in the development of macrocytic anemia, a
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form of anemia in which abnormally large red blood cells are formed.
The most common method for detecting folate and vitamin B12
deficiency is the measurement of blood levels, although assessment of
red cell folate is more accurate but not as widely available.
Hemodialysis can result in the loss of folic acid into the dialysate
(22,23). Vitamin B12 is protein bound and is thus removed to a much
smaller extent by dialysis. Despite its clearance by dialysis, folic acid
deficiency is uncommon in chronic hemodialysis patients as long as
dietary intake is adequate. Folic acid and vitamin B12 deficiency are
only very rarely the cause of anemia or ESA hyporesponsiveness in
CKD and ESRD patients. This is probably in part because certain foods
are fortified with folic acid and because daily oral multivitamins and
oral folate supplementation are prescribed for many dialysis patients.

3.5. Treatment
3.5.1. ESA THERAPY WITH EPOETIN AND DARBEPOETIN

The ability to treat anemia in dialysis patients and subsequently
CKD patients not on dialysis was dramatically improved when the
first recombinant human erythropoietin (epoetin alfa) was approved for
use in 1989 as Epogen (Amgen, Inc.) based on initial clinical studies
in hemodialysis patients (8,9). Epoetin alfa is produced by recom-
binant DNA technology and has an amino acid structure identical to
the native human hormone (24). Other forms of recombinant human
erythropoietin (epoetin) are now manufactured and marketed under a
variety of different names in the United States and abroad. In 2001,
darbepoetin alfa was approved for use in dialysis and non-dialysis
CKD, along with other indications. Darbepoetin alfa is a novel ESA
with a structure that differs in five amino acids compared to the native
hormone. It has five N-linked carbohydrate chains while epoetin has
three chains. This results in a two-fold to three-fold longer pharmaco-
logic half-life compared to epoetin alfa, which allows for less frequent
dosing (25). Epoetins and darbepoetin alfa interact with the same
receptor on erythroid progenitor cells to stimulate erythropoiesis as
does the native hormone. They have similar clinical efficacy and side
effect profiles.

Currently available ESAs can be given intravenously or by subcu-
taneous injection. While epoetins are more effective when given
by subcutaneous injection, this is not the case for darbepoetin alfa,
for which the intravenous and subcutaneous routes of administration
appear to be of similar efficacy (26). Patients with CKD and those on
PD typically receive these agents subcutaneously, while HD patients
can receive subcutaneous or intravenous therapy. In the United States,
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many HD patients receive epoetin intravenously, mainly for reasons of
convenience and patient preference, and this route is now specifically
recommended in the FDA-approved package insert because of risk of
pure red cell aplasia (PRCA) with subcutaneous ESA therapy. Outside
the United States, the majority of HD patients receive subcutaneous
epoetin treatment due primarily to the lower overall cost of this route,
although intravenous injection has become more common as the result
of an awareness of ESA-related PRCA. Typical dosing strategies for
these agents are summarized in Table 2.

Current KDOQI guidelines recommend that in patients with CKD
receiving ESA therapy, the Hb target should generally be in the range
of 11.0 to 12.0 g/dl and that the Hb target should not be greater than
13.0 g/dl (4). Treatment of anemia in patients with CKD to these
Hb levels, particularly compared to the Hb levels of 6-8 g/dL that
were typically seen in HD patients prior to the availability of these
therapies, has been shown in prospective clinical studies to result
in marked improvement in quality of life (QOL), exercise capacity,
markers of cardiovascular disease, and neurocognitive function. An
association between higher Hb levels and lower hospitalization rates,
hospital length of stay, and mortality has also been observed in
retrospective cohort studies (27-30). Evidence of this from large,
prospective, randomized clinical trials is limited, however. Above
Hb levels of 13 g/dL, there has been concern about adverse effects,
including HD access thrombosis and cardiovascular morbidity and
mortality, primarily as the result of a large clinical trial in hemodialysis
patients with underlying cardiac disease (3/). There is little evidence

Table 2
Initial Dosing for ESA Therapy

Initial dose for

Generic name Brand name CKD and PD Initial dose for HD
Epoetin alfa Epogen, 4000-10,000 U 50-100 U/kg IV or
Procrit SC every 1-2 SC at each HD
weeks treatment
Darbepoetin Aranesp 40-100 mcg SC 40-100 mcg 1V or
alfa every 2 weeks to SC every 1-2
monthly weeks

CKD, chronic kidney disease; ESA, erthyropoietic stimulating agents; HD,
hemodialysis; IV, intravenously; PD, peritoneal dialysis; SC, subcutaneously.
Epogen labeled for use in end-stage renal disease; Procrit labeled for use in CKD.



Chapter 13 / Anemia Management 345

that targeting or maintaining Hb levels above 13 g/dL confer significant
benefits other than in some QOL assessments (5,27). In addition, results
from the Correction of Hemoglobin and Outcomes in Renal Insuffi-
ciency (CHOIR), which compared target Hb levels of 13.5 g/dL and
11.3 g/dL in epoetin-treated CKD patients, showed no improvement in
mortality or cardiovascular outcomes in the higher Hb target group,
and the study was terminated early because of a statistically significant
higher incidence of a composite end-point of mortality, stroke, heart
attack, and hospitalization for congestive heart failure in the higher Hb
group (32).

Side effects of epoetin and darbepoetin alfa are uncommon.
Worsening hypertension occurs in some dialysis patients. A rapid
increase in red cell mass with altered vascular hemodynamics and
effects of nitrous oxide, endothelin and other vasoactive peptides may
be involved, but the exact mechanism remains uncertain (33). Other
side effects include flu-like symptoms, as well as HD vascular access
thrombosis with higher Hb levels. In 2001, a rather sudden and marked
increase in cases of PRCA was reported in patients with CKD receiving
subcutaneous injections of primarily one specific epoetin preparation
(Eprex, Ortho-Biotech) that was not available in the United States.
PRCA is characterized by severe anemia that, in these patients, was
associated with inhibition of red cell production due to development
of anti-erythropoietin antibodies (34). An extensive analysis has led
to the conclusion that the vast majority of these cases were associated
with one specific form of epoetin alfa, probably due to a change in the
pharmacologic preservative and certain components of the syringe in
which the agent was delivered (35). With changes in route of admin-
istration and the use of other agents, the incidence of PRCA has
fortunately dramatically decreased, although some cases continue to
be reported with various ESAs.

3.5.2. IRON THERAPY

An adequate supply of iron is necessary for normal erythropoiesis
as well as optimal response to ESA therapy. Hemodialysis patients,
who may lose 2 g of iron or more per year from the hemodialysis
procedure along with other sources (surgery, gastrointestinal losses, etc.),
are particularly prone to iron deficiency (/0). Most patients on ESA
therapy will require iron supplementation, which may be given in oral
or intravenous form. Oral iron is easy to administer, although it must
be given 1hour before or more than 2 hours after meals for optimal
absorption, and it may be poorly tolerated due to gastrointestinal side
effects and compliance is often poor. Aluminum- and calcium-containing
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phosphate binders interfere with absorption of dietary iron. Oral iron has
been found to be ineffective for replacing and maintaining adequate stores
in hemodialysis patients (36,37).

Because of the poor tolerability and efficacy of oral iron, and the
ease with which hemodialysis patients in particular can receive intra-
venous medications, intravenous iron has become the preferred mode
of iron repletion for these patients (38). Hemodialysis patients who
regularly receive maintenance intravenous iron require less epoetin
and sustain better Hb levels than patients who receive no regular iron
supplementation or oral iron (39). There has also been increasing use of
intravenous iron therapy in CKD and peritoneal dialysis patients (40).

Intravenous iron formulations consist of large molecular weight
complexes of iron and a carbohydrate moiety. Several intravenous
iron formulations are currently available in the United States: iron
dextran, sodium ferric gluconate in sucrose complex, and iron sucrose
(see Table 3). Rare anaphylactic reactions to iron dextran, some

Table 3
Intravenous Iron Formulations
Generic Brand Initial loading dose for Maintenance
name name treating iron deficiency dosing in HD
in CKD, PD, HD¢ patients

Iron InFed, HD:100mg x 10 50-100 mg weekly
dextran® DexFerrum  doses; PD and

CKD: 500 mg IV x

2 doses
Iron Venofer HD: 100 mg weekly 25-100 mg weekly
sucrose? x 10 doses; PD and to monthly

CKD: 300 mg twice
then 400 mg once

Sodium Ferrlecit HD: 125mg x 8 32.5-125mg
ferric doses; PD and weekly to
gluconate CKD: 125mg x 8 monthly
in doses or 250 mg x

sucrose® 4 doses

CKD, chronic kidney disease; HD, hemodialysis; PD, peritoneal dialysis.

“ Before the full dose of iron dextran is given, a 25 mg test dose should be
administered.

b Iron sucrose and sodium ferric gluconate do not require administration of a test
dose.

¢Iron loading dose of 1000 mg, repeated as necessary.
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resulting in death, have been attributed to the dextran component of
the iron complex (41,42). These may occur with any exposure, even
if no reaction resulted from an initial test dose. Other common side
effects associated with intravenous iron administration include muscle
cramping, nausea, vomiting, hypertension, injection site discomfort,
diarrhea, and hypotension with rapid administration. Ferric gluconate
and iron sucrose can be used safely in patients who have had anaphy-
lactic reactions to iron dextran (43,44).

KDOQI guidelines recommend iron treatment as needed to maintain
TSAT greater than 20% and serum ferritin above 100 ng/mL in CKD
and peritoneal dialysis patients and above 200 mg/dL in hemodialysis
patients (4,5). A CHr greater than 29 pg/cell can be used instead of the
TSAT of 20% if available. The KDOQI guidelines note that routine
administration of IV iron is not recommended if serum ferritin is
greater than 500 ng/mL. At least 200 mg of elemental iron per day
given in three divided doses is recommended for adults receiving oral
iron. For ferrous sulfate, the least expensive formulation available,
this requires three 325-mg tablets per day (Table 4). In hemodialysis
patients, intravenous iron can be given as an initial large dose to correct
iron deficiency, typically using 1000 mg over 8—10 consecutive treat-
ments, repeated as necessary. Maintenance iron supplementation with
25-125 mg weekly to replace chronic ongoing blood losses is often
prescribed, adjusted according to need with the intent of maintaining
KDOQI recommended levels of TSAT and serum ferritin. Patients
on peritoneal dialysis or with CKD not on dialysis in whom regular

Table 4
Commonly Used Oral Iron Formulations for Adults
Generic name Formulation Elemental iron content
Iron polysaccharide 150-mg capsules 150 mg
Ferrous sulfate 160-mg tablet 50 mg
200-mg, 300-mg 60-65 mg
324-mg, 325-mg (various formulations)
tablets
Ferrous gluconate 240-mg tablet 27 mg
246-mg tablet 28 mg
300-mg tablet 34 mg
325-mg tablet 36 mg

Heme iron polypeptide  tablets 12 mg
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intravenous access is not available can receive intermittent dosing as
needed via a peripheral intravenous catheter (40,45,46).

3.5.3. FoLic Acip AND ViTAMIN B12

In CKD and hemodialysis patients, serum folic acid and vitamin B12
levels should be monitored at the time of initial assessment of anemia
and periodically thereafter, as well as if a patient appears to have
developed hyporesponsiveness to ESA therapy without other expla-
nation. In particular, this testing should be performed in the presence
of an elevated erythrocyte mean corpuscular volume (MCV) indicating
macrocytic anemia. If there is documented deficiency of folic acid
and/or vitamin B12, then the appropriate supplementation should be
administered. KDOQI guidelines do not recommend routine supple-
mentation of folate and vitamin B12 in CKD patients who do not have
documented deficiency (5).

3.5.4. PHARMACOLOGIC ADJUVANTS TO ESA THERAPY

Several pharmacologic agents have been assessed for possible effects
of enhancing erythropoiesis directly or by increasing the effect of epoetin
therapy, particularly in patients with what is often called epoetin- or
ESA-hyporesponsiveness, which has been defined as failure to maintain
Hgb above 11 g/dL despite epoetin doses greater than 500 [U/kg/week
(or comparable darbepoetin dose) (5). None of these agents has
been demonstrated to have proven efficacy or long-term safety.

Vitamin C, also known as ascorbic acid, is able to mobilize the
release of iron from ferritin stored in the liver, spleen, and bone
marrow tissues and enhance the incorporation of iron into heme to
form Hb (47). Some small studies suggested that intravenous vitamin
C increased Hb levels and decreased epoetin requirements in anemic
hemodialysis patients, particularly those who have functional iron
deficiency (48,49). However, KDOQI guidelines found that there is
insufficient evidence of safety and efficacy to recommend the use of
vitamin C as an ESA adjuvant (5). A concern with prolonged vitamin
C use in dialysis patients is secondary oxalosis, in which elevated
plasma oxalate levels lead to calcium oxalate deposition in the heart
muscle, blood vessels, and other tissues (50).

L-carnitine is important in the transport of long chain fatty acids
across the inner mitochondrial membrane for oxidation to provide
energy in the form of ATP. It also acts to remove intracellular acyl-CoA
molecules, which can be toxic to cells and which accumulate in ESRD
(51). The presence of a carnitine deficiency syndrome in hemodialysis
patients has been proposed, with muscle weakness, intradialytic
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hypotension, cardiac dysfunction, and epoetin-hyporesponsive anemia
(52). Although an NKF Carnitine Consensus Conference recommended
use of IV L-carnitine in some anemic hemodialysis patients (53)
and a recent meta-analysis concluded that L-carnitine was beneficial
in some dialysis patients (54), the most recent KDOQI guide-
lines concluded that there was insufficient evidence of efficacy to
recommend L-carnitine as an adjuvant to ESA therapy (5).

Prior to the availability of epoetin, intramuscular androgens such as
nandrolone decanoate were used to stimulate erythropoiesis (48). Use
of androgens dramatically decreased after the widespread adoption of
epoetin therapy. Side effects of androgens, including abnormal liver
function tests, dyslipidemia, hirsutism, acne, priapism, dysmenorrhea,
and masculinization limit their use. The KDOQI Guidelines state that
androgens should not be used as adjuvant therapy due to the lack of
evidence for efficacy as well as safety concerns (35).

4. CONSEQUENCES OF ANEMIA IN CKD
AND ESRD AND EFFECTS OF TREATMENT

Lower Hb levels have been found to be associated with increased
risk of death from non-cardiac and cardiac causes, increased frequency
and duration of hospitalizations, and increased severity of cardiac
dysfunction in CKD and ESRD patients (28,55-58). Anemia of CKD is
also associated with reduced QOL with increased fatigue, depression,
shortness of breath, and exercise intolerance. These QOL indicators
have been shown in prospective clinical studies to improve substan-
tially with ESA treatment to raise Hb levels (31,59,60). There is less
evidence from prospective studies that using ESAs to achieve higher
Hb levels reduces overall morbidity, hospitalization, or mortality (31)
although a substantial body of literature from observational studies
supports such an association (28,58).

4.1. Mortality

Several large, observational studies have shown that anemia of CKD
correlates with increased mortality in patients with CKD and ESRD. In
one such study of 44,550 hemodialysis patients who had been followed
for a minimum of 6 months, patients with mean serum Hb values of less
than 9 g/dL had more than two-fold increased risk mortality compared to
patients with mean serum Hb values between 11 g/dL and 12 g/dL (61).
Other studies have reported similar findings (28,58,62,63). However,
these retrospective studies cannot determine whether the anemia of
CKD is a direct cause of increased risk of death in these patients.
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Rather, anemia may simply be a marker for more chronically ill patients
who tend to have a greater risk for death over time.

Until recently, there has been only one prospective, randomized
controlled trial that has been large enough to assess mortality with
CKD or dialysis patients. In this study, hemodialysis patients with prior
cardiac disease were randomized to target Hct levels of 30% (low) or
42% (normal) using epoetin alfa (31). After nearly two and one-half
years, overall mortality in the normal Hct group was higher than in
the lower Hct group, and the study was stopped for safety reasons,
even though this did not reach the level of statistical significance.
As mentioned above, results from the CHOIR study, which compared
target Hb levels of 13.5 and 11.3 g/Dl in epoetin-treated CKD patients,
showed no improvement in mortality or cardiovascular outcomes in
the higher Hb target group and found a statistically significant higher
incidence of a composite end-point of mortality, stroke, heart attack,
and hospitalization for congestive heart failure in the higher Hb group
(32). Thus, although it is commonly believed that anemia of CKD may
be a direct cause of increased risk for death, stronger evidence of a
causal link between effects of ESA treatment and reduced mortality,
including the impact of specific Hb levels, is still needed, particularly
for Hb levels approaching the normal range.

4.2. Cardiac Disease

Anemia is associated with increased risk of cardiovascular morbidity
and mortality in CKD and ESRD patients and is an independent
risk factor for the development of left ventricular hypertrophy (LVH)
and left ventricular dilatation in these patients. LVH is independently
associated with a significantly increased risk of death in both non-
renal and renal patient populations (55,64). Ischemic heart disease is
also more common in patients with CKD and ESRD than in age-
and sex-matched patients without kidney disease (56). While uncon-
trolled observations and small prospective studies have suggested that
there is some improvement in LVH with epoetin therapy in CKD and
hemodialysis patients when Hb levels are raised from very severely
anemic levels to Hb levels consistent with mild anemia (65,66), more
recent larger randomized controlled trials have found that treating
patients to raise the Hb to more normal levels does not further reduce
development of LVH or LV dilatation compared to more moderate
anemia (67,68). Another study, the Cardiovascular Risk Reduction
by Early Anemia Treatment with epoetin beta trial, which compared
target Hb groups of 13-15 g/dLL and 10.5-11.5 g/dL in epoetin-treated
patients with CKD found no benefit of the higher Hb levels in terms
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of overall cardiovascular events or on prevention or progression of
LVH (69).

4.3. Quality of Life

Anemia of CKD is associated with symptoms that are character-
istic of chronically impaired oxygen delivery to body tissues, such as
fatigue, impaired thinking, sleep disturbance, depression, shortness of
breath, and exercise intolerance. These symptoms adversely impact
the CKD patient’s QOL and functional status. The anemia-associated
symptoms have been shown to improve with treatment to raise serum
Hb (59,60,70,71). Neurophysiologic measures including cognitive test
scores and sleep disturbances also improve with higher Hb levels with
epoetin therapy (72).

5. CONCLUSIONS

Anemia of CKD is multifactorial, but is caused primarily by insuffi-
cient production of erythrocytes by the bone marrow due to a deficiency
of erythropoietin. Other contributing factors include decreased red
blood cell life span, inhibition of the responsiveness of bone marrow
to the effects of erythropoietin, gastrointestinal or surgical blood
loss, nutritional deficiency, and infectious and inflammatory disorders.
Besides erythropoietin deficiency, iron deficiency is the next most
common factor contributing to the anemia of CKD. Currently available
ESAs include epoetins and darbepoetin alfa, which can be given intra-
venously or by subcutaneous injection. In the setting of iron deficiency,
intravenous iron has become the preferred mode of iron repletion for
CKD and dialysis patients because of the poor tolerability and efficacy
of oral iron, and the ease with which hemodialysis patients in particular
can receive intravenous medications. Several pharmacologic agents
have been assessed for possible effects of enhancing erythropoiesis or
increasing the effect of epoetin therapy, but none of these agents has
shown proven efficacy or long-term safety.

Lower Hb levels have been found to be associated with increased
risk of death from non-cardiac and cardiac causes, increased
frequency and duration of hospitalizations, increased severity of
cardiac dysfunction, and reduced QOL in CKD and ESRD patients.
Recently revised KDOQI guidelines should be helpful to clinicians
caring for patients with all stages of CKD, including those on peritoneal
and hemodialysis, as a guide to the diagnosis, evaluation, and treatment
of the anemia of CKD.
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6. CASE STUDY

J.W.is 68 years old with type 2 diabetes mellitus of 20-year duration,
long-standing hypertension, and progressive CKD (estimated GFR
23 ml/min/1.73 m?) who has developed increasing fatigue, reduced
exercise tolerance, and has lost interest in his hobbies. He no longer
has the energy to take his grandson fishing. His appetite is good, and
he has no nausea. He does not have any edema. He is not short of
breath at rest, and does not have orthopnea, but he gets easily “winded”
when climbing the short flight of stairs to his front door. He lives with
his wife, who confirms that he has been eating well, but reports that
he just “does not have any energy anymore.” His blood pressure and
blood glucose have generally been under good control. A recent serum
HbA1C was 6.2%.

His medications include glipizide 5mg twice daily, furosemide
40 mg daily, a multivitamin, metoprolol 50 mg twice daily, losartan
100 mg daily. He has used sildenafil citrate (Viagra®) in the past but
has not asked for a refill of this in several months. He has no known
drug allergies. He does not smoke or drink alcohol.

On physical examination, he is moderately obese. His blood pressure
is 128/72 mmHg and pulse is 72/min. The lungs are clear to auscul-
tation, heart sounds are normal, and he has no edema. The remainder
of the exam is also normal. Laboratory studies show a serum creatinine
of 3.4 mg/dL and Hb 8.7 g/dL.

6.1. Key Questions

1. What studies should be done to evaluate the anemia in this patient?

2. Initial labs return with a TSAT of 13%, ferritin of 48 ng/mL; stool
occult blood is negative, vitamin B12 and folate levels are normal, the
MCV is low at 76 fl, and reticulocyte count is low at 1.1%. At this
point, what would be the next steps in his management?

3. A colonoscopy revealed a small benign polyp. Upper gastrointestinal
tract endoscopy was normal. The patient is treated with 1000 mg of
intravenous iron. Repeat lab studies show a serum Hb of 9.5 g/dL,
TSAT of 28%, and ferritin of 210 ng/mL. What is the next step in his
anemia management?
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14 Bone and Mineral

Metabolism and Disease

Linda McCann

LEARNING OBJECTIVES

1. To identify the development of bone and mineral abnormalities in
chronic kidney disease and their classification based on signs and
symptoms, biochemical parameters, and pathological findings.

2. To describe the impact of bone and mineral abnormalities in chronic
kidney disease.

3. To discuss current therapies and treatment recommendations for bone
and mineral abnormalities in chronic kidney disease.

Summary

Bone and mineral abnormalities begin early in the course of chronic kidney
disease (CKD) and continue as kidney function diminishes. These abnormalities
represent complex pathologic processes that can significantly impact morbidity,
mortality, and quality of life for those individuals who have CKD. Additionally,
the focus on bone and mineral abnormalities has changed as new assessment
techniques and treatment options have evolved. Recognizing the magnitude of
these bone and mineral abnormalities and the diversity in practice for treating
them, the National Kidney Foundation (NKF) Kidney Disease Outcomes
Quality Initiative (KDOQI) developed and published evidence-based practice
guidelines for CKD bone metabolism and disease in 2003. These guidelines
address methods for identifying and classifying renal bone disease, recommend
treatment options, and propose research initiatives. Early and continuous evalu-
ation and treatment of bone and mineral abnormalities have the potential to
improve outcomes of those with CKD.
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1. INTRODUCTION

Bone and mineral abnormalities are common in those who have
chronic kidney disease (CKD). Some of these abnormalities are a result
of the disease process and others may, at least in part, be produced by
therapies used to treat kidney disease and the associated comorbidities.
Abnormalities range from adynamic bone state with low bone turnover
to severe hyperparathyroid bone disease with accelerated bone turnover
(1). Regardless of the manifestation or the causes, there is significant
evidence that these bone and mineral abnormalities have the potential
for increasing morbidity and mortality in the CKD population (/-3).

In the years since dialysis became routinely available, the profile of
bone and mineral abnormalities has changed, molded by the dialysis
process and various therapies. The focus on hyperparathyroid bone
disease and osteomalacia has expanded to include concern for low
turnover bone abnormalities, mixed bone disease, and soft tissue miner-
alization. It is now recognized that bone and mineral abnormalities
in CKD can impact many areas of the body. Bone disease, in those
individuals on dialysis therapy, is typically asymptomatic until late
and even then symptoms may be nonspecific and unobtrusive (4,5).
Previously common symptoms such as pruritus, bone pain, fractures,
deformities, and muscle weakness (6) have been overshadowed by
metastatic and extraskeletal calcifications which have the potential to
adversely impact many areas of the body. Extraskeletal calcification
can be localized in arteries, eyes, visceral organs, around joints, and in
the skin (/). Manifestation of abnormal bone and mineral metabolism
is summarized in Table 1 (3-6). It is important to understand the
widespread incidence and impact of bone and mineral abnormalities
in CKD and to use caution in applying therapies, always weighing the
risks and benefits.

The importance of this problem was recognized by the NKF KDOQI
when it facilitated the development of evidence-based practice guide-
lines for bone metabolism and disease which were published in
2003 (/). The international group, Kidney Disease: Improving Global
Outcomes (KDIGO), was established to develop international guide-
lines for various issues that impact outcomes in CKD. Recognizing
that the science holds true for all populations, publication of KDIGO
global bone and mineral guidelines is slated for 2008. These guidelines
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Table 1

Manifestations of Abnormal Bone and Mineral Metabolism in Chronic
Kidney Disease (CKD)

Manifestation

Characteristics/description

Altered vitamin D metabolism

Abnormal handling of,
calcium phosphorus, and
magnesium by the kidneys

Secondary
hyperparathyroidism

Metastatic and extra-skeletal
calcifications

Fractures
Bone pain

Pruritis

Dialysis-related amyloidosis

Proximal myopathy and
muscle weakness

Deficiency in calcitriol

Defective intestinal absorption of
calcium

Hypocalcemia

Stimulation of PTH synthesis

Hyperphosphatemia
Hypocalcemia

Decreased skeletal response to PTH

Altered degradation of PTH

Abnormal regulation of
calcium-dependent PTH secretion

Impaired skeletal response to PTH

Increased parathyroid gland chief cell
proliferation

Bone disease

Calcification of coronary arteries
and cardiac valves, potential skin
ulceration, or soft tissue necrosis

Incidence is increased in CKD

Uncommon, due to decrease in
prevalence of aluminum bone disease
reported; expressed as a general ache

Associated with high PTH levels,
hypercalcemia, high CaP, and
metastatic calcification

Disabling arthropathy after long vintage
dialysis

Usually limited to proximal muscles,
caused by SHPT, phosphorus
depletion, aluminum toxicity, or low
vitamin D levels

CaP, calcium times phosphorus product; PTH, parathyroid hormone; SHPT,

secondary hyperparathyroidism.
Adapted from refs. (1,3,4,6).
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are expected to promote consistent, high quality patient care, facil-
itate comparison of research data from different countries, identify and
promote vital research, and ultimately improve patient outcomes.

The KDIGO group has proposed a simple, clinically relevant differ-
entiation of terms to help enhance communication, facilitate clinical
decision making, and promote the development of global evidence-
based clinical practice guidelines for bone and mineral abnormalities
in CKD (7). Renal osteodystrophy (RO), which has been inconsis-
tently used to describe renal bone and mineral disorders, should be
used exclusively to define alterations in bone pathology associated
with CKD, assessed by histomorphometry with the results based on a
classification system that includes parameters of bone turnover, miner-
alization, and volume. The term Chronic Kidney Disease Mineral and
Bone Disorder (CKD-MBD) is used to describe the clinical syndrome
that develops as a systemic disorder of mineral and bone metabolism
due to CKD which is manifested by one or a combination of (i) abnor-
malities of calcium, phosphorus, parathyroid hormone (PTH), and
vitamin D metabolism; (ii) abnormalities of bone turnover, mineral-
ization, volume, and strength; and (iii) vascular and/or other soft tissue
calcification (7). These terms are used as described in this chapter.
Features and treatments of CKD-MBD are described in Table 2.

2. PATHOGENESIS OF BONE AND MINERAL
ABNORMALITIES IN CKD

The cascade of events that begins the course of bone and mineral
abnormalities begins early in CKD. The kidneys help maintain the
balance of calcium and phosphorus in the body by regulating the net
excretion of these minerals in the urine. Balance is also maintained
by changes in calcium and phosphorus absorption in the intestines
and through the exchange of those ions between bone and the extra
cellular fluid. Bone level calcium and phosphorus stores help support
metabolic and homeostatic requirements. PTH, calcitriol, and phospha-
tonins coordinate the responses of the kidneys, intestines, and bones.
Progressive loss of kidney function causes disturbances in mineral
metabolism and bone integrity (1,4,6).

Two general characteristics define the state of the bone—high
turnover and low turnover. Secondary hyperparathyroidism (SHPT),
considered high turnover disease, is characterized by abnormal and
increased bone remodeling, including osteitis fibrosa and mixed
bone disorders. Low turnover bone states are characterized by
decreased bone mineralization and formation, including osteomalacia
and adynamic bone disorder (ABD) (1,4).
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Once the glomerular filtration rate (GFR) drops below
60 ml/min/1.73 m? (stage 3 CKD), PTH levels begin to rise in the blood
(1), setting in motion the development of SHPT (6,8). This rise in
PTH appears to be in response to several factors, including vitamin D
deficiency, increasing phosphate retention, and a skeletal resistance to
PTH, all of which lead to hypocalcemia and further stimulation of PTH.
With progressive loss of kidney function, there seems to be a decrease
in the number of vitamin D receptors (VDRs) and calcium sensing
receptors (CaRs) in the parathyroid glands, making them resistant to
the actions of vitamin D and calcium. Dietary phosphorus modification
may modulate PTH levels even if the serum phosphorus levels are
not elevated above the normal range (4,5). Hyperphosphatemia occurs
later in the progression of CKD, usually when GFR drops to about
20-30 ml/min/1.73 m? and significantly influences the function and
growth of parathyroid glands (1,5).

By the time dialysis is required, most CKD patients have some
degree of SHPT which is characterized by hypersecretion of PTH
and eventually hyperplasia of the parathyroid glands. In the historic
trade-off hypothesis, (Fig. 1) (1,4,9-10), it is suggested that as GFR
declines, phosphorus excretion also declines, serum phosphorus levels

Chronic Kidney Disease
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Fig. 1. Pathogenesis of secondary hyperparathyroidism. CaR, calcium sensing
receptor; PTH, parathyroid hormone; VDR, vitamin D receptor; PTG, parathyroid
gland; Ca™™, calcium.
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increase, serum calcium decreases, and production of calcitriol is inade-
quate to meet physiological needs. Reduced calcitriol levels hinder
the absorption of calcium from the intestines. These factors lead
to hypocalcemia, the primary stimulus for increased production and
secretion of PTH. Increased PTH levels stimulate phosphorus excretion
and calcitriol production to correct the hypocalcemia. In the later
stages of CKD, increased PTH production and secretion can no longer
counterbalance the abnormal serum levels of calcium and phosphorus
(1,4,5). In addition, the kidneys lose their ability to adequately degrade
and clear PTH from the body. Increased PTH production and secretion
along with decreased PTH degradation lead to SHPT (4,7-10).

Phosphorus retention is also a key element in the development of
SHPT. Hyperphosphatemia helps regulate the production of calcitriol
by reducing the activity of the enzyme that activates 25(OH) vitamin
D (10). Hyperphosphatemia also has an effect on PTH gene expression
and indirectly increases PTH production (/7). Normally, higher PTH
levels decrease phosphorus reabsorption to restore serum phosphorus
levels to normal. In the late stages of CKD, this compensatory
mechanism is inadequate to maintain the serum phosphorus levels
(11). Additionally, with significant SHPT, phosphorus is released
directly from the bone into the blood contributing to hyperphos-
phatemia. Chronically elevated phosphorus levels are associated with
parathyroid gland size and are central to parathyroid gland hyperplasia
and continued high PTH levels (1,4,10,11).

In CKD, production of calcitriol by the kidney is reduced. Low
levels of calcitriol contribute to SHPT both directly and indirectly
(9,11,12). Calcitriol exerts a direct negative feedback control on the
parathyroid gland, inhibiting preproparathyroid hormone production
and gene transcription (/,4,5). Indirectly, low calcitriol levels hinder
the absorption of calcium from the intestine and mobilization of
calcium from the bone. These actions suggest that calcium, rather than
vitamin D, predominantly regulates PTH (9).

Hypocalcemia results from increased calcium—phosphate complexes
and from a decrease in absorption of dietary calcium from the intestine
(12,13). In addition, the ability of the bone to release calcium into the
blood is hindered. The CaR provides a regulatory mechanism involving
release of PTH to maintain calcium homeostasis (/0). Even slight
physiologic, normal range changes in serum calcium seem to modulate
the development of SHPT.

Skeletal resistance to the calcemic action of PTH is also a factor
in the development of SHPT. As CKD progresses, increasingly higher
levels of PTH are needed to induce PTH effects and maintain normal
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bone remodeling activity (4,14,15). Skeletal resistance is thought to
be multifactorial, perhaps from altered regulation of PTH receptors
in the bone that makes them less sensitive to PTH as well as from
phosphorus retention and calcitriol deficiency (6,16).

As hypocalcemia, hyperphosphatemia, and calcitriol deficiency
continue, the parathyroid gland continually increases production of
PTH leading initially to parathyroid cell hypertrophy. With chronic
stimulation, the parathyroid cells proliferate and diffuse hyperplasia
develops. This proliferation of parathyroid cells makes it difficult to
modulate PTH levels. Nodular hyperplasia is characterized by cells that
have fewer CaRs and VDRs and are significantly resistant to vitamin
D therapy (1,5,17,18).

Osteitis fibrosa is caused by SHPT and historically has been the
most common form of bone disease in CKD (9,79). It is characterized
by marrow fibrosis and increased bone turnover due to both bone
resorption and bone formation. The bone resorption is caused by an
increase in the number and activity of osteoclasts, and bone formation
is due to increased osteoblasts and osteoid deposition (7,4,6).

While mixed bone disease has features of both high and low turnover
abnormalities, it is generally classified as a high turnover disease.
Mixed bone disease has been associated with aluminum accumulation,
hypocalcemia, and hypophosphatemia (4,9).

3. LOW TURNOVER BONE STATES

Osteomalacia due to aluminum overload was common in the 1970s
and early 1980s secondary to aluminum levels in the dialysate and
the use of aluminum hydroxide phosphate binders. With the change in
dialysate standards and limitations of aluminum ingestion, aluminum-
related osteomalacia is uncommon, but toxicity can still occur (4,9).
The KDOQI guidelines recommend that aluminum hydroxide be used
only in extreme hyperphosphatemia and for a short duration. Other
sources of aluminum should be identified and eliminated if the patient
has elevated serum aluminum (>60mcg/L), a positive desferrox-
amine (DFO) challenge, or clinical symptoms that are associated with
aluminum toxicity (4). There is also a potential for developing osteo-
malcia related to vitamin D deficiency, metabolic acidosis, hypophos-
phatemia, and deficiencies in the trace elements, fluoride and strontium
(4). Osteomalacia is characterized by a decreased bone formation rate,
widened osteoid seams, as well as decreased formation and resorption
surfaces (4,9).

ABD is characterized by a lack of new bone formation, low cellular
activity, low numbers of osteoblasts, and normal or reduced osteoclasts.



Chapter 14 / Bone and Mineral Metabolism and Disease 365

Increased bone matrix is the primary defect. Mineralization is usually
decreased, without excess osteoid deposition or abnormal thickness.
The reduction in osteoblasts and limited bone formation may be a
result of a relative deficiency in PTH. Other systemic PTH inhibitory
factors may also play a role in ABD (9,19,20).

Several subgroups of CKD stage 5 dialysis (CKD stage 5D) patients
may be more likely to have ABD. These include peritoneal dialysis
patients, elderly patients, and those with diabetes (/9,27). Plasma levels
of PTH are generally higher than normal in CKD, even when associated
with ABD. In uremia, a relative reduction in PTH is able to induce a
low turnover bone state even at laboratory normal PTH levels (22,23).
There are also racial differences in response to PTH. Blacks tend to
have reduced skeletal sensitivity to PTH and less likelihood of devel-
oping overt bone disease despite higher plasma levels of PTH (24).

In addition to bone abnormalities, extraskeletal calcification is a
significant finding in CKD-MBD. Arterial calcification is found early
in CKD and progresses over time. Early research suggests that coronary
calcification is more likely to occur in individuals who have higher
serum phosphorus, higher calcium times phosphorus product (CaP)
levels, and a higher daily calcium load (25). Guérin et al. found that
the severity of calcification is correlated with age, dialysis vintage,
fibrinogen levels, and the prescribed dose of calcium-based phosphate
binders. They showed that vascular calcification is associated with
increased stiffness of the large capacity arteries such as the carotid
artery and the aorta (26). Other research shows that the presence and
severity of arterial calcifications predict cardiovascular and all cause
mortality (27).

Calcific uremic arteriolopathy (CUA), previously termed calciphy-
laxis, is associated with painful skin lesions, subcutaneous nodules,
tissue ischemia, and necrosis of the skin or subcutaneous tissue of
the extremities. CUA symptoms have been linked to high levels of
PTH and phosphorus. The risk of CUA is six times higher in females
than males (28), and the presence of obesity seems to be a predis-
posing factor (29). Although CUA is less common today, it can be a
life-threatening complication of SHPT.

Another abnormality in CKD is atypical accumulation of
,-microglobulin (3,MA), a polypeptide that is involved with
lymphocyte-mediated immune response. Accumulation is progressive
due to decreased catabolism and excretion by the kidneys. Symptoms
seldom occur until the patient has been on dialysis therapy for a long
time, that is, 5—15 years. The most common first symptom is carpal
tunnel syndrome. Kidney transplantation is currently the only therapy
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that stops the progression of 3,MA. Current treatment focuses the use
of high-flux, biocompatible dialyzer membranes to enhance clearance
of B,MA during dialysis and on easing joint pain and inflammation
(30,31,40).

Osteoporosis is a skeletal disorder commonly found in the elderly.
Because a large percentage of those receiving dialysis are over the age
of 65, osteoporosis may occur as an adjunct problem to CKD-MBD.
Traditional therapies used to treat osteoporosis in otherwise healthy
adults are thought to be inappropriate for dialysis patients, especially
without benefit of a bone biopsy (32). Diagnosis of osteoporosis in
CKD is more complicated as CKD-MBD may have similar manifes-
tations (33).

4. IDENTIFICATION OF BONE AND MINERAL
DISORDERS—RO OR CKD-MBD?

When utilizing the KDIGO definitions of RO and CKD-MBD,
it becomes obvious that much of the current research is really
describing CKD-MBD (4). Standardization of terminology will help
facilitate research comparisons and the developed practices that have
the potential to improve patient outcomes.

5. BONE BIOPSY

Bone biopsy is the most accurate diagnostic tool for determining bone
lesions in CKD. All other assessment parameters should be compared
to bone biopsy as the gold standard for assessing bone metabolism.
Historically, bone biopsy has been viewed as significantly invasive
and potentially painful. Additionally appropriate sample processing
techniques, expert interpretation, and standardized reporting termi-
nology have been lacking. As bone biopsy becomes more common,
these limitations may diminish. Biopsy with tetracycline labeling
allows the classification of bone pathology based on static and
dynamic parameters that diagnose RO (4,34). Routine bone biopsy
is not recommended for CKD stage 5D patients unless the clinical
picture or symptoms are inconsistent with the biochemical profile (/).

6. RADIOGRAPHY, PULSE PRESSURE, AND
ELECTRON BEAM COMPUTED TOMOGRAPHY

While X-rays provide limited information on CKD stage SD-specific
bone abnormalities, they do help in the assessment and identification
of extraskeletal calcification and osteoporosis. Lateral abdominal
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X-rays are a simple low cost way to detect vascular calcification (4).
Pulse pressure (the difference between systolic and diastolic blood
pressure) has been shown to predict arterial stiffness, and cardiac calci-
fication contributes to arterial stiffness. Increased pulse pressure in
dialysis patients is associated with increased mortality risk (35,36).
However, the true value of this simple calculation in predicting
vascular calcification is uncertain. Another method of identifying soft
tissue calcification is electron beam computed tomography (EBCT);
however, EBCT is not routinely available. EBCT studies have shown
that dialysis patients have coronary artery calcium scores that are
several fold higher than individuals without CKD (37).

7. BONE MINERAL DENSITY

Bone mineral density (BMD) is most commonly measured by dual
X-ray absorbtiometry. This procedure measures the mineral content
and the density of the bone, but does not provide information about
bone turnover, does not correlate well with bone histology, or identify
the type of lesion in CKD stage 5D (33). The KDOQI bone workgroup
did not find evidence that BMD was helpful in guiding therapy for
CKD-MBD, except for the evaluation of osteoporosis and in patients
who have fractures (/).

8. BIOCHEMICAL MARKERS OF BONE
AND MINERAL METABOLISM IN CKD

With some limitations, a number of biochemical parameters can
assist in the diagnosis and management of CKD-MBD. Much of the
current research is focused on correlating specific biochemical param-
eters to bone biopsy, thus enhancing their clinical value. Concomitant,
serial monitoring of several biomarkers is useful. These include
total serum calcium, corrected calcium, serum phosphorus, alkaline
phosphatase (AP), and plasma PTH (1,5,34).

Ionized calcium is the fraction of blood calcium that is critical to
physiological processes. It is more difficult to accurately measure than
total calcium, but is the most indicative of an individual’s true calcium
status. Routine monitoring of total calcium over ionized calcium is
recommended because it is usually more reproducible, less costly, and
adequate, especially in the presence of normal plasma proteins (6).

Total calcium may under-represent ionized calcium in protein
compromised patients. Because a significant portion of serum calcium
is bound to protein, predominately albumin, it has been suggested that
correcting total calcium for low albumin may more accurately estimate
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ionized calcium. A myriad of formulas have been proposed to make
this correction. After evaluating the evidence, the KDOQI bone guide-
lines provide two acceptable formulas for adjusting calcium (38,39).
However, these two formulas may not yield similar results (Fig. 2).

These formulas may also correlate differently to ionized calcium
because of the methods utilized for measuring either albumin or
calcium. Correction formulas are thought to inaccurately predict
calcium status in up to 30% of patients when compared to actual
ionized calcium levels (39). Adjusting total calcium downward
in patients with normal albumin levels greater than 4.0g/dL is
questionable at best (4).

High serum calcium is associated with bone abnormalities as well
as morbidity and mortality in CKD patients on dialysis (/,2). KDOQI
recommends maintaining serum total calcium at the lower end of
normal range for the specific laboratory (8.4-9.5 mg/dL). In addition,
the total calcium ingestion per day, including dietary calcium and other
sources such as phosphate binders, should not exceed 2000 mg/day.
This amount is slightly less than the upper tolerable limit, but above
what is recommended for the general population (/). An excessive
calcium load should be avoided, especially if serum levels are above
the mid-range of normal. Extraskeletal calcification is multifactorial,
but calcium load likely plays some role (7).

Albumin 30 g/L (3.0 g/dL)

Corrected calcium (mg/dL) = Total calcium (mg/dL) + 0.0704 x [34 -
serum albumin (g/L)] (20)

Example: Corrected calcium = 8.9 mg/dL + 0.0704 x (34 — 30)

Corrected calcium = 8.9 + (0.0704 x 4)

Corrected calcium = 8.9 + .2816

Corrected calcium = 9.2 mg/dL

Albumin 3.0 g/dL (30 g/L)

Corrected calcium (mg/dL) = Total calcium (mg/dL) + 0.8 x [4-serum
albumin (g/dL)] (21)

Corrected calcium = 8.9 mg/dL + 0.8 x (4 — 3.0)

Corrected calcium = 8.9 mg/dL + (0.8 x 1.0)

Corrected calcium = 8.9 + 0.8

Corrected calcium = 9.7 mg/dL

Fig. 2. KDOQI Formulas for corrected calcium.
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Phosphorus, one of the most common chemical elements in the
body, is involved with a wide variety of metabolic and enzymatic
processes. It circulates and is measured as phosphate ions in the
serum, but is usually reported as elemental phosphorus concentrations
(4). Concentration of phosphorus in the serum varies significantly
depending on the time of day and recent dietary phosphorus intake
which may be significantly increased by many phosphate-laden food
additives. This may help explain the significantly high and variable
levels seen in individual CKD patients. Fasting phosphorus measures
are ideal, but unlikely in chronic dialysis patients. Falsely high levels
may be due to breakdown of blood cells if specimens are not being
processed correctly (4). Chronic hyperphosphatemia is associated with
bone and mineral abnormalities, worsening SHPT, as well as morbidity
and mortality (2,3). Hyperphosphatemia is also aggravated by severe
SHPT, where bone phosphorus is released directly into the blood and is
unavailable to phosphate binders (6). KDOQI recommends maintaining
serum phosphorus between 3.5 and 5.5 mg/dL in dialysis patients.
Methods for control of serum phosphorus include dietary modification,
adequate dialysis, and the use of phosphate binders (/,4).

Calcium and phosphorus are evaluated jointly. The CaP is a calcu-
lated biochemical indicator that has predictive power for abnormal
mineral metabolism, morbidity, and mortality (2,3). It is possible to
have a target range CaP, even if one or both of the components are out
of range. Thus, solitary monitoring of CaP should not be substituted
for independent evaluation of serum calcium and phosphorus. KDOQI
recommends maintaining CaP at <55 mg?/dL? in those patients who
are on dialysis (/).

PTH is the most important biomarker for the evaluation of CKD-
MBD. It plays a critical role in the regulation of mineral and bone
homeostasis, and its secretion is regulated by serum ionized calcium.
Levels of phosphorus and vitamin D also affect synthesis and secretion
of PTH. While PTH targets may be extrapolated from earlier assays and
methods, PTH is routinely used to monitor and treat CKD-MBD (/).
Intact PTH (iPTH) levels >400-500 pg/mL have significant predictive
power for high turnover bone state (/,40). Low turnover bone state is
likely when iPTH levels are <100 pg/mL (1,41). However, when the
iPTH is between 100 and 500 pg/mL, a definitive diagnosis requires
a bone biopsy (/,40). It must be remembered that PTH has a very
short half life and values may fluctuate dramatically from measurement
to measurement. KDOQI recommends that trends, rather than single
measurements, be used to determine therapy.
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Biologically active PTH (1-84) polypeptide is synthesized and
secreted by the parathyroid cells. However, along with 1-84 PTH,
varied PTH fragments are released. As previously discussed, many
factors modulate PTH gene expression, PTH production, PTH
secretion, and parathyroid cell proliferation (42). Calcium is the
primary determinant of minute to minute PTH secretion, whereas
calcium, phosphorus, and vitamin D levels regulate PTH production
and cell proliferation. The 1-84 molecule is degraded into smaller
fragments within minutes of release (4,42). This degradation is
modulated by parathyroid cells and the serum calcium concen-
tration. Thus, when serum calcium is low, PTH degradation decreases
and when calcium is high, greater PTH breakdown occurs. PTH
fragments have varying half lives (42). They also have diverse biologic
activity on PTH receptors. Elimination of PTH fragments is primarily
through glomerular filtration and tubular degradation, therefore they
accumulate in CKD. These variable circumstances have generated
questions regarding the predictive value and interpretation of plasma
PTH (1,42).

Recent advances in PTH measurement suggest that iPTH assays
capture both 1-84 and other fragments. The metabolic significance of
PTH fragments is not fully understood. The action of the largest known
PTH fragment (7-84) may oppose the action of the 1-84 molecule and
contribute to the PTH resistance seen in CKD stage 5D. Newer gener-
ation PTH assays measure only the 1-84 molecule. These are referred
to as whole PTH or bioactive PTH, depending on the manufacturer
(43,44). Because these newer assays ignore PTH fragments, concen-
trations are approximately 50% lower. In general, results from these
two generations of assays are highly correlated across a wide spectrum
of PTH concentrations, but individual patient correlations may vary.
While some researchers advocate using the ratio between 1-84 PTH
and 1-84 PTH plus fragments to evaluate CKD-MBD, the value of
this practice is still under investigation. Further research is needed to
fully elucidate the opposing action of PTH fragments and to correlate
second generation assay results to bone histology (45).

The normal range of iPTH, 10-65 pg/mL (1.1-7.15 pmol/L), reflects
normal bone turnover in those without CKD. In CKD, with progressive
skeletal resistance to PTH, normal bone turnover more closely corre-
lates with plasma iPTH levels of 2.5—4 times the normal upper limit (4).
Thus, a normal PTH values are not normal in CKD patients on dialysis.

AP can also add information about the state of bone turnover. AP is
an isoenzyme that is produced primarily in the liver and by osteoblasts
in the bone. Other sites of AP production are the intestines, placenta,
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and kidneys, although these sources contribute negligible amounts
under normal conditions. With normal liver function, AP is a useful
indicator of bone cell activity. Most research indicates that in CKD,
elevated serum AP levels are due to bone AP and correlate with other
markers of high turnover bone disease (46).

Bone-specific AP (BSAP) is the fraction of AP that is generated
by the osteoblasts. BSAP correlates well with iPTH and other
indices of SHPT. However, the KDOQI bone workgroup did not find
evidence that BSAP adds significant information above the total AP
measurement in CKD patients when liver function is normal (7).

Osteocalcin or bone GLA-protein is a noncollagenous protein that is
produced by the osteoblasts and is found within the bone matrix. While
the physiologic role of osteocalcin is not clear, it seems to impact
bone formation. The value of measuring osteocalcin is questionable
as it is excreted by the kidneys and fragments accumulate in CKD.
Correlation of bone GLA-protein with other established biomarkers of
CKD-MBD is mixed. Assays that detect only intact osteocalcin hold
promise especially for identification of adynamic bone in CKD stage
5D (47).

Primary causes of aluminum toxicity have been eliminated, thus
serum aluminum is measured less frequently than in the past. Measures
of serum aluminum reflect recent aluminum exposure and the potential
for accumulation. They may identify hidden sources of aluminum
to which a patient is exposed. Serum levels of aluminum should be
<10pg/L (1). In CKD patients on dialysis, serum aluminum levels
of >60 mcg/L have notable specificity, sensitivity, and predictive
value for the diagnosis of aluminum-related bone disease. KDOQI
recommends a DFO test be performed in any symptomatic patient
with a serum aluminum level between 60 and 200 3g/L or one being
considered for a parathyroidectomy (PTX) (/). The guidelines give
specific recommendations for the performance of the DFO test and
interpretation of results.

9. TREATMENT OF CKD-MBD

Treatment goals for CKD-MBD are recommended within the
KDOQI clinical practice guidelines for bone metabolism and
disease (/). The primary goal is to promote standardized, best practice
management of bone and mineral abnormalities as a way to improve
patient outcomes. Evidence-based practice guidelines are meant to help
clinicians in decision making, but not to dictate practice or set absolute
standards. Where evidence is missing, experts provide a consensus of
opinion for practice recommendations. It is expected that clinicians
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will apply the guidelines and recommendations based on evaluation of
an individual patient’s status and needs (4,6).

The KDOQI practice guidelines for CKD-MBD provide aggressive
biochemical targets as summarized in Table 3. The Dialysis Outcomes
and Practice Patterns Study (DOPPS) study, although done prior to
publication of the guidelines, indicated that very few dialysis patients
consistently meet similar targets (3). KDOQI dietary modification
recommendations are summarized in Table 4. Thus, the guidelines set
a higher standard of care for which to strive (6).

Table 3
KDOQI Recommended Laboratory Measures, Target Levels,
and Frequencies for CKD Stage 5D

Biomarker  Frequency of measure Target levels

Calcium At least monthly 8.4-9.5 mg/dL, lower end of
normal

Phosphorus At least monthly 3.5-5.5mg/dL

CaP At least monthly < 55mg?/dL?

iPTH At least quarterly 150-300 pg/mL

CaP, calcium times phosphorous product; CKD stage 5D, chronic kidney disease
stage 5 dialysis; PTH, intact parathyroid hormone; KDOQI, Kidney Disease Outcomes
Quality Initiative.

Table 4
KDOQI-Recommended Dietary Modifications Related to CKD-MBD
Calcium Phosphorus
Limit total elemental Limit dietary phosphorus (800 and
calcium to <2000 mg/day 1000 mg/day) recognizing that protein
with no more than 1500 mg requirements may prevent individual
from phosphate binders. patients from meeting this limitation.

Nutrition status must be preserved;
additional phosphate binders may be
necessary to maintain target serum
phosphorus levels when higher protein
goals are prescribed.

CKD-MBD, Chronic Kidney Disease Mineral and Bone Disorder; KDOQI, Kidney
Disease Outcomes Quality Initiative.
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Treatment approaches are intended to normalize blood levels of
phosphorus and calcium and to optimize PTH levels for normal
blood levels bone turnover, while minimizing extraskeletal compli-
cations such as calcification. Controlling these biochemical markers
is important to prevent or reduce progression of bone disease. The
following treatment options are available to help achieve KDOQI
recommended goals (1,4,48).

e Limit dietary phosphate intake, recognizing that processed foods have
additives that contribute to the phosphate load. Limiting phosphate
intake must be balanced with ensuring adequate protein intake.

e Optimize renal replacement therapy (adequate dialysis).

e Prescribe and titrate phosphate binders as needed to control serum
phosphorus.

e Limit calcium based binders to an elemental calcium load of
<1500 mg/day and avoid them in patients who are hypercalcemic,
hypoparathyroid, or who have indications of soft tissue calcification.

e Evaluate calcium intake, and limit total elemental calcium to
<2000 mg/day. Monitor the patient for signs of hypocalcemia and
supplement calcium if symptoms are present.

e Prescribe and titrate vitamin D or its analogs to control PTH.

e Prescribe and titrate calcimimetics to control PTH, which can be done
without increasing CaP.

e Treat carefully to achieve PTH levels that promote normal bone
turnover, rather than suppressing PTH at a level that might be consistent
with adynamic bone state.

e Educate the patient on all aspects of bone and mineral management
including the rationale for various treatments and the consequences of
nonadherence.

e Consider PTX, if all other treatments fail or surgery is deemed most
appropriate for the patient.

e Above all consider the impact of various therapies and weigh the risk
to benefit profile.

Phosphate removal on dialysis depends on the serum phosphorus
concentration at the beginning of treatment, the ultrafiltration rate,
the dialyzer capabilities, as well as the frequency and duration of
dialysis. The majority of phosphorus clearance takes place early in the
treatment and is followed by a slow equilibrium from the intracellular
compartment. While phosphorus removal continues throughout the
treatment, it is removed more slowly as serum concentrations decline.
Patients who are unable to control serum phosphorus with a conven-
tional dialysis schedule may benefit from one or more extra days of
dialysis (49).
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A typical 4-h dialysis treatment, three times per week, does not
maintain a net zero balance between phosphorus intake and clearance.
Reports vary as to how much phosphorus is removed by high flux
dialysis with each treatment, but it is estimated to be about 800 mg
(range 400-1100 mg) (4,48,49). Even when the patient limits dietary
phosphate to the recommended level of 800—1000 mg/day, there is still
a significant positive balance of phosphorus which generally requires
the use of phosphate binders. In severe SHPT, hyperphosphatemia
may be aggravated by excessive bone turnover with the release of
phosphorus directly into the blood. Thus, hyperphosphatemia may not
always be due to dietary excess or binder nonadherence.

The most appropriate phosphate binders are patient-specific and
readily available. They must be well tolerated, without creating
other problems or adding an excessive pill burden (/). Appropriate
prescription of phosphate binders requires an assessment of dietary
phosphate intake and titration of the dose to control serum phosphorus
in the target range. Prior to each modification of the binder prescription,
it is critical to assess patient adherence to that binder prescription. The
binder dose should be titrated to the phosphate content of the meal and
include binders for additional sources of phosphate such as snacks.
Commonly available phosphate-binding compounds are summarized
in Table 5.

The move toward more frequent dialysis holds great promise for
ameliorating CKD-MBD (4). Patients who dialyze more frequently
than three times per week seldom have trouble controlling phosphorus
and some require supplementation. While phosphorus clearance is
better with more frequent dialysis, phosphate binder doses may not
change as many of these patients eat more heartily.

The KDOQI target range for serum calcium was based primarily
on a consensus of expert opinion, but since publication of the recom-
mendations has been supported by retrospective analysis and observa-
tional studies. Maintaining serum calcium in the target range involves
regulating the calcium in the dialysate, as well as monitoring and
modifying the calcium load from the diet and medications such as
calcium-based binders or antacids. Many foods are fortified with
calcium and can significantly add to the dietary calcium load. It is
important that patients be made aware of calcium sources and recom-
mendations for the daily elemental calcium load.

KDOQI recommends the routine use of dialysate with a 2.5 mEq/L
calcium concentration to minimize the movement of calcium from
blood to dialysate or dialysate to blood (/). With 3.5mEq/L
calcium dialysate concentrations, most patients have a positive flux
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of calcium. Conversely, lower concentrations of dialysate calcium
promote negative calcium flux. As with phosphorus, the movement of
calcium depends on serum levels, dialysate levels, and the duration
of exposure to dialysate (50). Serum calcium is impacted by calcium
load, presence of active vitamin D, and circulating PTH. Severe SHPT
promotes release of calcium from the bone, adding another source
for hypercalemia. Serum calcium may also be elevated when PTH
levels are low and blood calcium is not being incorporated into the
bone. A retrospective analyses of a large dialysis data base validates
the KDOQI recommendation for serum calcium, showing that calcium
levels above the mid-normal range increase mortality, whereas lower
calcium levels are not associated with increased mortality risk (2).

There are two categories of pharmacologic agents that are routinely
used to treat SHPT, vitamin D and its analogs, and calcimimetics. A
description of these agents and their distinctive actions is given in
Table 6.

Vitamin D products are commonly used to control PTH levels in
CKD-MBD. Vitamin D, vitamin D analogs, and vitamin D deriva-
tives are described in Table 7. Each of these vitamin D products has
specific structure and actions. Vitamin D doses are typically based
on the elevation of plasma PTH. Calcitriol is the naturally occurring
form of vitamin D hormone. It is used to treat hypocalcemia and
SHPT and is available in oral and IV forms. It has been associated

Table 6
Actions of Pharmacologic Agents Used to Treat SHPT
Vitamin D/analogs Calcimimetic
Acts on the genomic receptor Acts on the cell surface receptor
Slow onset and recovery (days Rapid onset (minutes) and
to weeks) recovery (hours to days)
Inhibits PTH synthesis Decreases serum levels of
Ca*tand P
Potential for increasing serum Inhibits PTH synthesis and
Ca*tand P secretion
Little or no impact on hyperplasic/ Inhibits gland hyperplasia
nodular glands Can work even when glands are
nodular

P, phosphorus; PTH, Parathyroid hormone; SHPT, secondary hyperparathyroidism;
Ca'tt, calcium.
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with hypercalcemia, partly due to increased gastrointestinal calcium
absorption.

Paricalcitol [19-nor-1,25(0OH),] is a sterol derived from vitamin
D,. It is missing a carbon-19 methylene group that is present in all
natural vitamin D metabolites. Paricalcitol has lower calcemic effect
through VDR selectivity at the tissue level of bone and intestine, while
having greater activity in the parathyroid tissue. Clinical trials have
demonstrated the effectiveness of paricalcitol at controlling PTH (51,
52). Additionally, a recent uncontrolled retrospective study suggests
that paricalcitol provides a survival advantage over calcitriol (53).

Doxercalciferol [la-hydroxyvitamin D,] is a prohormone that
requires hepatic conversion to its active form, 1,25(OH),D,. Doxer-
calciferol, IV or oral forms, has been shown to be clinically effective
in controlling PTH in CKD patients (54).

Dihydrotachysterol, is one of the first vitamin D derivatives used to
treat CKD-MBD, but there are few convincing reports on its efficacy
and safety. It is available for oral administration in tablet and liquid
forms (55). There are several other vitamin D products that are used
outside the United States, which will not be discussed here but can be
reviewed in the literature (4,55).

Deficiencies of nutritional vitamin D are recognized in the general
public and in CKD. Supplementation of ergocalciferol or cholecal-
ciferol to replete 25(OH) in those on dialysis is thought to be beneficial
and is becoming more common. However, the exact doses, frequency
of administration, and target blood levels have not been fully deter-
mined.

9.1. Calcimimetics

Calcimimetics are a class of compounds that act on the CaRs in the
parathyroid cells. They lower the threshold for receptor activation by
extracellular calcium ions and suppress PTH secretion. Unlike vitamin
D products, calcimimetics reduce plasma PTH with either no change
or a decrease in serum calcium and phosphorus levels. Cinacalcet HCL
(Sensipar™) has been shown to be effective in lowering PTH, even
in patients who have been unresponsive to vitamin D due to gland
hyperplasia. The action of cinacalcet is rapid with peak reduction of
PTH levels within 2—6 hours after administration. The drug is taken
orally and is generally well tolerated (56-58).

With the potential decrease in serum calcium, it is important
for patients to have normal serum calcium levels before starting
calcimimetic therapy. Patient response to cinacalcet is varied and
biochemical markers should be measured routinely; calcium and
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phosphorus should be checked within 1 week and PTH within
1-4 weeks after initiation of therapy. The initial dose is 30 mg/day
with titration every 4 weeks up to a maximum dose of 180 mg/day.
Cinacalcet can be used in conjunction with phosphate binders and
vitamin D products to maximize treatment of CKD-MBD. Long-term
studies are underway to determine the full benefits of calcimimetics at
the level of the bone (56,58).

Patient education is a vital part of the long-term management of
CKD-MBD. Adherence to treatment regimens depends partially on
the patient’s understanding of their importance. While the ultimate
choice of following the advice of the healthcare team resides with
the patient, the clinical team must provide information at the level
the patient can understand, utilizing a common message and varied
teaching techniques.

PTX, subtotal or total, is an option for those patients who do
not respond to medical or pharmacologic management of SHPT. The
KDOQI bone guidelines give specific recommendations for consid-
eration of a PTX and address the post-surgical management of the
patient (/). With the sudden reduction in plasma PTH after surgery,
flux of calcium and phosphorus into the bone can be remarkable. This
condition is referred to as “hungry bone syndrome” which results in
significant hypocalcemia that requires close monitoring and often IV
calcium administration (59).

10. TREATMENT OPTIONS FOR ADYNAMIC
BONE

Patients with adynamic bone have an increased risk for fracture (2),
hypercalcemia, and extraskeletal calcifications. In dialysis patients with
biopsy-documented adynamic bone or iPTH levels below 100 pg/mL,
bone turnover can be stimulated by allowing the iPTH to rise. This may
be accomplished by decreasing the total calcium load, lowering serum
calcium, and/or by reducing or discontinuing agents that suppress PTH
synthesis and secretion (1,21,22).

11. SUMMARY

Whether treating biopsy documented RO or CKD-MBD, identified
by abnormal biomarkers, bone and mineral abnormalities, or
extraskeletal calcifications, the issues are complex. There have been
significant advances in the understanding of bone and mineral
abnormalities in CKD patients, including their significant potential
for increasing morbidity and mortality. Additionally, techniques for
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monitoring and treating these abnormalities continue to evolve.
Improving patient outcomes requires early identification of abnor-
malities and appropriate utilization of all the therapeutic options—
nutritional, pharmacologic, and dialytic to minimize the progression
and complications of RO or CKD-MBD. Furthermore, successful
management of bone and mineral abnormalities in CKD requires the
full commitment and participation from the entire healthcare team,
most importantly the patient.

12. CASE PRESENTATION

DC is a 54-year-old Asian American male who has been on
hemodialysis for over 20 years. He is a very intelligent, educated man
who has been reasonably compliant with medical advice. His long
history parallels the changes in bone and mineral management for
dialysis patients. He has taken various binders (aluminum hydroxide,
calcium acetate, magnesium/calcium carbonate, sevelamer HCL) and
all available forms of vitamin D (Calcijex®-calcitriol, Zemplar®-
paricalcitol, Hectorol®-doxercalciferol, generic calcitriol). He has been
successfully treated for aluminum overload with DFO after a long
duration of therapy with aluminum-based binders. As of April 2004, his
PTH remained significantly elevated in spite of aggressive vitamin D
and binder therapy. Additionally, he was hypercalcemic and hyper-
phosphatemic. His bone-related medications included 10 pills® per
meal and 15 mcg Hectorol® per treatment. His biochemical param-
eters were calcium 10.7 mg/dL, phosphorus 6.5 mg/dL., and biPTH 604
pg/mL (approximately 1200 pg/mL iPTH).

1. What are the possible causes of hypercalcemia, hyperphosphatemia?
2. What therapy options would you consider for this patient based on his
current status?

12.1. Follow-Up

This patient was originally scheduled for a PTX in April, 2004.
However, cinacalcet HCL (Sensipar®) was initiated at 30 mg/day. After
1 month of therapy, he had a significant reduction in serum calcium
(from 10.5 to 9.7 mg/dL), phosphorus (from 6.5 to 4.2 mg/dL), and
biPTH (from 604 to 354 pg/mL). The patient is currently on 120 mg/day
Sensipar®, 4 mcg Hectorol®, and 10 Renagel® per meal. His iPTH level
is 363 pg/mL (estimated biPTH 180 pg/mL), calcium is 9.6 mg/dL, and
phosphorus is 4.6 mg/dL. The patient continues to work full time and
has routinely declined more frequent treatment.
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1 5 Chronic Diseases

Diabetes, Cardiovascular Disease,
and Human Immunodeficiency Virus
Infection

Sharon R. Schatz

LEARNING OBJECTIVES

1. To describe the systemic magnitude of diabetes mellitus beyond kidney
disease and how this impacts comprehensive nutrition care.

2. To delineate the heart—kidney integral relationship regarding hemody-
namic and regulatory function and effects on medical nutrition therapy.

3. To discuss need for a multidimensional approach to adequately address
nutrition risk factors and metabolic complications associated with
human immunodeficiency virus infection and stage 5 chronic kidney
disease.

4. To describe the causal and non-causal risk factors which unite these
three separate diseases with uremia and dialysis.

Summary

Although diabetes mellitus, cardiovascular disease, and human immunodefi-
ciency virus infection are three separate entities, each has causal and non-causal
risk factors that are common in the stage 5 chronic kidney disease population.
The medical nutrition therapies are similar, which emphasize adequate protein
and energy intakes, fluid control, and possibly carbohydrate and fat modifica-
tions. Each patient requires an individualized evaluation, taking into account the
comorbid conditions, age, psychosocial situation, rehabilitation potential, and
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type of renal replacement therapy. The overall impact of the disease states need
to be considered beyond the restrictions imposed by kidney failure, if mortality
rates are to decline while improving quality of life.

Key Words: Medical nutrition therapy; diabetes mellitus; cardiovascular
disease; HIV infection; hemodialysis; peritoneal dialysis.

1. INTRODUCTION

Causal and non-causal risk factors are statistically related markers
of the probability for morbid events. Causal risk factors signal the
presence and severity of disease which often guide treatment, whereas
non-causal risk factors are useful for prognostic purposes or for
monitoring the evolution of a given disease (/). These concepts become
especially relevant when evaluating nutrition-related issues of dialysis
in the presence of other chronic illnesses such as diabetes mellitus
(DM), cardiovascular disease (CVD), and human immunodeficiency
virus (HIV) infection. While these are three distinct disease states, each
one has common causal and non-causal risk factors that are united
by the presence of uremia and dialysis in the stage 5 chronic kidney
disease (CKD) population. In addition, although they are dissimilar,
there are common manifestations whose links ultimately guide medical
nutrition therapy (MNT).

2. DIABETES

In 2005, the total prevalence of DM was 7% in the U.S. population;
yet disproportionately, 54% of patients receiving maintenance dialysis
had DM, with DM being the primary diagnosis for kidney failure in
449% of the dialysis population (2,3). IgA nephropathy is the most
common cause of non-diabetes-related kidney disease in people with
type 2 diabetes (T2DM) (4). Growing rates of DM-related stage 5 CKD
in the United States and Canada reflect a higher incidence of T2DM
and people living longer (3,5-7). In addition, the prevalence of DM is
greater in minority groups such as African Americans, Hispanics, and
Native Americans, with black women aged 55-74 years accounting
for the greatest number of newly diagnosed patients with stage 5 CKD
secondary to DM (3,6).

MNT is at the forefront of diabetes-related prevention strategies
targeted by the U.S. Department of Health and Human Services, which
focuses on metabolic control to prevent (secondary) or control (tertiary)
complications of diabetes (8). Understanding the systemic magnitude
of DM beyond kidney disease is crucial to comprehensive nutrition
care. Patients with stage 5 CKD with DM as the primary diagnosis
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have the lowest survival rate, poorest rehabilitation potential, and
highest incidence of hospitalizations, mostly attributable to cardiovas-
cular events (5,7,9).

2.1. Renal Replacement Therapy in People
with Diabetes

2.1.1. HEMODIALYSIS

Hemodialysis (HD) is the most common form of renal replacement
therapy (RRT) used to treat people with DM (3,5). Poor glycemic
control upon initiation of HD indicates worse survival (6,10). An
unfavorable 5-year survival rate is associated with DM and CVD,
infection, advanced age, dyslipidemia, left ventricular hypertrophy
(LVH), hypoalbuminemia, and more severe peripheral vascular disease
(PVD) (6).

The American College of Endocrinology emphasizes the need to
understand the action and duration of insulin and the effect of food
intake timing on insulin action, which have particular relevance in
dialysis (/7). Insulin has a prolonged half-life that is related to
a decreased catabolic rate in kidney disease, which may intensify
its effect (/2). Treatment schedules may interfere with a patient’s
usual mealtime, and post-treatment fatigue may impede intake. These
combined factors can precipitate hypoglycemia; so a patient may need
to eat before coming to treatment and/or bring a snack to consume
afterwards, with nutrition supplements offering a convenient option.
The schedule could also affect insulin dosing, as a patient may alter
injection times on treatment days, contributing to too much circulating
insulin compounded by extended duration promoting hypoglycemia,
or conversely, insufficient insulin coverage contributing to hyper-
glycemia. Thus, it is important to determine when the person admin-
isters insulin and eats each day and encourage regular habits to promote
consistent blood glucose patterns. Medications may need adjustment
with traditional split doses of insulin being converted to regimens with
greater flexibility or sliding scales.

2.1.2. PERITONEAL DIALYSIS

Survival with DM is better during the initial 2 years of peritoneal
dialysis (PD) treatment, but the likelihood of losing residual renal
function after 1 year on PD is doubled (/3-15). PD may thus be used
before transitioning to HD (/5). Side effects due to intraperitoneal
(IP) exposure to high glucose concentrations include an inflammatory
state, hyperlipidemia, fibrosis, enhanced protein loss, generalized intra-
abdominal fat accumulation, increased risk of CVD, weight gain,
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obesity, and acute hyperglycemia; and the underlying diabetic state
may compound or exacerbate these problems (/6—18). Problems with
ultrafiltration (UF) develop from peritoneal fibrosis, neoangiogenesis,
and increased membrane permeability, with glucose either directly or
indirectly contributing to peritoneal membrane alteration via glucose
degradation product generation or advanced glycation end products
formation (16,19,20). Strategies to reduce glucose-related toxicity
include dual chamber systems and amino acid-based fluids in addition
to icodextran, which may provide better glycemic control, increase UF
volume, improve blood pressure (BP) control, and be less hyperlipi-
demic (16,19-21). However, icodextran (maltose based) solutions may
interfere with glucose dehydrogenase-based glucometers giving false
readings, so a compatible glucometer is needed (22).

Glycemic control is complex with PD. Poor glycemic control
is associated with fluid retention (23). Conversely, sodium and
fluid control is essential to glycemic control in PD to deter UF
resulting in lower percent glucose dialysate dwells to lessen glucose
absorption. There is a uremia-associated insulin resistant state, as
insulin-stimulated glucose uptake by muscle is diminished and further
aggravated by IP glucose absorption. In addition, (3-cell function deteri-
orates with time, which further affects insulin requirements (23). IP
insulin administration affords better glycemic control and insulin sensi-
tivity due to its more rapid absorption directly into the portal vein
system with less endogenous hepatic glucose production. However, IP
doses are 30% higher than the subcutaneous (SC) route due to insulin
activity loss, as there is dilution with the PD infusion to delay the
absorption of insulin as well as adsorption to the delivery system’s
plastic surface (17,20,24). IP insulin may increase the risk of peritonitis
due to contamination, but similar incidences of gram-positive infecting
organisms does not support this theory (20,25). Instilling insulin (mixed
with saline) into an empty abdominal cavity may lower insulin require-
ments (24). IP insulin may cause hepatic subcapsular steatosis that is
associated with hypertriglyceridemia, obesity, fatty liver infiltration,
and non-alcoholic steatohepatitis (17,20,26).

Patients using PD may maintain weight with calorie absorption from
the dialysate; however, gastrointestinal (GI) issues may negatively
influence protein consumption. PD is associated with more gastroe-
sophageal reflux disease (GERD) symptoms and eating dysfunction
(18) Severe gastric emptying may be present even when patients are
tested with an empty peritoneal cavity (27). Susceptibility to peritonitis
is higher due to gram-negative organisms, although those without
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peritonitis had higher albumin at the start of continuous ambulatory
peritoneal dialysis therapy (25).

2.2. Monitoring Glycemic Control

Adequate glycemic control reduces the risk of additional diabetes-
related complications; however, present monitoring of glucose levels in
dialysis patients may be inadequate (22,28). The goals for monitoring
glycemic control in people receiving maintenance dialysis are similar
to those without RRT (refer to Chapter 6), but exact target levels
for best outcomes have not been clearly established. The Kidney
Disease Outcomes Quality Initiative (KDOQI) Guidelines for Diabetes
recommend that the American Diabetes Association (ADA) guidelines
for monitoring glycemic control in people with DM be followed (29).

HbAI1C reflects mean glycemia over the preceding 2-3 months
(30). HbA1C is the largest glycated hemoglobin fraction and the most
consistent index of circulating glucose with formation determined by
temperature, pH, hemoglobin and glucose concentrations, and exposure
length to glucose. Uremic acidosis possibly increases the rate of
formation of HbA1C and it may elevate the levels (22). Concerns
about accuracy and interpretation of the values in stage 5 CKD relate
to decreased red blood cell survival, hemolysis, and iron deficiency
decreasing values; while carbamylated hemoglobin formation due to
urea dissociation may falsely increase values (22,29,31). The accepted
value for HbA1C is 7 in the non-dialysis population; however, a value
greater than 8 cannot be deemed good control even if there is overes-
timation. Tracking trends in the values may be preferable to focusing
on an absolute value. Nevertheless, HbA1C can provide valid, reliable
results for most patients with stage 5 CKD with appropriate method-
ology and target is <7% irrespective of CKD (29). On an individualized
basis, a higher goal may be set if there is significant hypoglycemia
(22,29,32).

Another potential method used to monitor glucose is fructosamine,
which measures glycemia over a shorter 2- to 3-week period. A
high protein turnover rate such as in dialysis may affect use of
fructosamine, while a high urate level may interfere with assay
results (22). Fructosamine is less reliable than HbA1C, especially with
PD (22,29,31).

Self-monitoring of blood glucose (SMBG) enables better blood
glucose control by allowing patients to monitor influences of food,
exercise, and medications and to make adjustments accordingly
(30,33). SMBG is especially indicated with insulin use to detect
and deter asymptomatic hypoglycemia and hyperglycemia; it is
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usually recommended three to four times/day, with unknown optimal
frequency when oral agents are prescribed (30). A single random test
is a poor guide to overall glycemic control; and checking fasting
values alone may be insufficient, as postprandial glucose reduction
may significantly impact HbA1C while lowering cardiovascular risk
(22,34,35). The ineffectiveness of SMBG to capture nighttime glucose
control with PD signifies a potential role for continuous glucose
monitoring (22,36). Glycemic control is best evaluated by monitoring
both SMBG and HbA1C (30).

2.3. Medical Nutrition Therapy

The nutrition needs of people with DM who are receiving mainte-
nance dialysis are similar to those without DM based on the type
of RRT (HD or PD), with extra emphasis on achieving euglycemia,
minimizing dyslipidemia, and attaining a total energy intake appro-
priate for weight management. The ADA nutrition recommendations
and interventions for people with DM include the following (8):

e Carbohydrate monitoring, which is essential for achieving glycemic
control with doses of insulin and insulin secretagogues being matched
to the carbohydrate content of the meals.

e Use of the glycemic index and load may provide modest additional
benefits.

e [ow carbohydrate diets which restrict total carbohydrate intake to less
than 130 g/day are not recommended.

e Monitoring plasma triglycerides (TGs) with the use of high carbohy-
drate diets.

e Encourage fiber intake of 14 g/1000 calories.

e Limit saturated fat to less than 7% of total calories and dietary choles-
terol to less than 200 mg/day and minimize use of trans fats.

Protein requirements may be increased due to infection, for wound
healing, or for repletion of depleted visceral proteins. Two or more
servings of fish per week (not commercially fried) are recommended
to provide omega-3 fatty acids (w-3 FAs) (8). Other low fat protein
sources such as egg whites, egg substitutes, and skinless poultry
could be promoted as well as use of soy products with adjustment
for phosphorus content. Energy goals are based on the individual’s
weight and metabolic factors to achieve and maintain a desirable body
weight while promoting optimal nitrogen utilization. Advise use of
mono- and poly insaturated fats that are low in potassium, sodium, and
phosphorus.
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Oral nutrition supplements (ONS) specially formulated for diabetes
may not be necessary, as the ADA standards allow substitution of
sucrose for other carbohydrates in the meal plan (8). The choice
of a ONS should be based on overall nutrient profile to meet the
individual’s metabolic needs and the palatability and affordability of
the product.

The ADA promotes a diabetic diet that considers the personal and
cultural preferences and lifestyle of the patient while respecting the
individual’s desires and willingness to change (8). It is unwise to
assume that a good understanding of diabetes management already
exists when a patient with diabetes starts dialysis. The patient is often
overwhelmed by multiple dietary restrictions and foods previously
allowed may now be limited or avoided. There may also be diffi-
culty coordinating the dietary recommendations into a cohesive meal
plan. The ability to interchange carbohydrate units is complicated
by the potassium and phosphorus content of the foods. Alternates to
traditional bedtime snacks and treatment for hypoglycemia may be
indicated, although long-standing habits are not easy to change. Renal
diabetic exchange lists can classify food groups for meal patterns, but
it is important that the patient understand and be able to integrate the
rationale and basic concepts of nutrition goals for DM and dialysis to
further dietary acceptance and foster compliance.

2.3.1. MALNUTRITION

Diabetes is the most significant predictor of loss of lean body
mass (LBM) in dialysis patients, independent of inadequate dialysis
dose, metabolic acidosis, and insufficient protein intake (9). Patients
receiving maintenance HD with DM have increased muscle breakdown
that appears nonresponsive to insulin, which suggests existing protein
homeostasis anomalies with either effects of insulin resistance
(IR)/deficiency being additive to uremia or vice versa (37). A higher
incidence of protein malnutrition with dialysis and DM may not be a
direct death risk (38). However, the correlation with other death risk
factors cannot be dismissed.

2.3.2. FLuiD CONTROL

Fluid control may be more difficult in people with DM because
hyperglycemia may increase thirst and diabetic neuropathy may
predispose symptoms of dry mouth, decreased salivary flow rates, and
the effects of xerogenic drugs (39—43). Fluid intake may be higher, if
dental problems impair chewing or if gastroparesis is severe and solid
food is not well tolerated.
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2.3.3. GASTRIC AUTONOMIC NEUROPATHY

Diabetic gastroparesis is prevalent in about 50% of people with DM,
although the entire GI system can be affected by gastric autonomic
neuropathy (44-48). GERD is present in about 30% of people with
DM; it is partially related to vagal neuropathy and can promote
heartburn and dysphagia for solid foods (44-46). Diabetic diarrhea
(which is profuse, watery, and often nocturnal, alternating with consti-
pation) is present in approximately 20% of people with DM and may
be due to decreased GI motility, reduced fluid absorption, bacterial
overgrowth, pancreatic insufficiency, coexistent celiac disease, and
abnormal metabolism of bile acid salt (44). Fecal incontinence is
related to anal sphincter incompetence or diminished rectal sensation,
whereas fecal impaction and bowel perforation can result when consti-
pation, a dysfunction of intestinal neurons with diminished gastrocolic
reflex, is severe (44,46).

Diabetic gastroparesis, non-obstructive delayed gastric emptying
with impaired gastric acid secretion and GI motility, is linked to
disrupted vagus nerve function and neuron dysfunction (44,46).
Symptoms include early satiety, postprandial fullness, anorexia,
nausea, bloating, belching, epigastric discomfort, abdominal pain,
and emesis of previously consumed undigested food (44—49). Food
remaining in the stomach for a long period of time can lead to fermen-
tation with bacterial overgrowth or hardening into solid masses (known
as bezoars) causing nausea, vomiting, or obstruction, which blocks
passage to the small intestines. Nutrient delivery to the small bowel
is impeded, which affects medication absorption; and meal-related
protein synthesis will probably be decreased (37,44,45,50). Acute
glycemic changes have reversible influences, as hyperglycemia slows
and hypoglycemia accelerates gastric emptying. Poor glycemic control
worsens early satiety, fullness, and nausea (44,45,50,51).

Although normalization of blood glucose levels may improve gastric
emptying, gastroparesis complicates the balance between insulin dose
and food absorption. Erratic blood glucose levels often suggest gastro-
paresis prior to the diagnosis. Gastric emptying, the main deter-
minant of postprandial glycemia, is also influenced by nutrient delivery
into the small intestines. Factors that affect glucose appearance into
portal circulation potentially include complex carbohydrate breakdown
to glucose, mucosal absorption of glucose, small intestine motor
patterns, and splanchic blood flow (44,50,51). Frequent preprandial
and postprandial blood glucose monitoring enables proper adjustments
in insulin dose (517). Less insulin is required with decreased gastric
emptying to maintain euglycemia, and rapid acting insulin is probably
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contraindicated (50,57). Timing of insulin doses may also need to be
changed. Prolonged insulin action with stage 5 CKD further compli-
cates this scenario.

Low fat, low fiber, small, frequent feedings are recommended for
patients with diabetic gastroparesis (44). Food should be chewed
thoroughly (48). Patients should be advised to eat high protein foods
first, to limit “filling” or high volume foods, and to minimize fluids
with food to combat early satiety. When symptoms are severe,
only liquids may be tolerated (47,49). Liquids could be taken an
hour pre- or post-meal to reduce feelings of fullness and carbonated
beverages should be avoided. When diarrhea is present, soluble fiber
should be restricted and other approaches such as the use of a gluten-
free or lactose-free diet can be implemented (46).

2.4. Oxidative Stress

Oxidative stress (OS) in CKD is evidenced by an overabundance
of lipid, carbohydrate, and protein oxidation products. It is aggravated
by DM with an additive effect when combined with HD (38,52,53).
Adequate glucose and lipid control are essential for successful
management. This is compounded by a potassium restriction, which
limits intake of fruits and vegetables that contain natural phytochem-
icals and antioxidants (52). Intake of fruits and vegetables is advocated,
but the few clinical studies involving DM and functional foods (e.g.
tea, cocoa, and coffee) are inconclusive; and supplementation with
vitamins E and C and carotene is not advised (8).

2.5. Physical Inactivity and Exercise

Exercise is contraindicated in people with DM who are receiving
maintenance dialysis if serum glucose is greater than 300 mg/dl. Carbo-
hydrate and insulin adjustments may be needed during exercise (8,54).
Low impact moderate exercise should be encouraged to improve
insulin sensitivity, raise high density lipoprotein (HDL), and lower BP
medication doses. Referral to a physical therapist to develop appro-
priate exercise programs can increase functional capacity and improve
quality of life for patients with stage 5 CKD (28,54).

3. CARDIOVASCULAR DISEASE

CVD remains the single largest cause of mortality in stage 5
CKD because of the increased incidence of coronary artery disease
(CAD), congestive heart failure (CHF), myocardial infarction (MI), and
LVH (3,55-58). CKD appears even more strongly related to CVD in
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African Americans (59). The heart—kidney relationship is integral to
hemodynamic and regulatory functions, as these two organs commu-
nicate at multiple levels through the sympathetic nervous system,
the renin-angiotensin-aldosterone system, antidiuretic hormone, the
endothelin, and natriuretic peptides. In addition, there are alterations
in the neurohormonal system due to kidney failure, which affects the
heart (59).

In CKD, there are two subtypes of arterial vascular disease: atheroscle-
rosis and arteriosclerosis. Clinical presentation includes ischemic heart
disease (IHD) (namely angina), MI, PVD, endocarditis, cerebrovascular
disease, heart failure, and sudden death, which is common in CKD (55).
Mortality increases with the number of traditional or non-traditional
risk factors for atherosclerotic CVD (ASCVD) (60). Traditional risk
factors include advanced age, HTN, DM, hypercholesterolemia, low
HDL, high low density lipoprotein (LDL), obesity, LVH, male gender,
menopause, smoking, physical inactivity, and family history. Examples
of nontraditional risk factors include vascular calcification, hyperphos-
phatemia, electrolyte imbalance, chronic inflammation, hyperhomocys-
teinemia, albuminuria, OS, and malnutrition. Traditional risk factors
may have different qualitative and quantitative risk relationships with
CVD in CKD; some of these, especially high cholesterol and HTN, may
interact with non-traditional factors such as inflammation, malnutrition,
and other comorbidities to alter the overall association with incident
ASCVD(28,57).DM, HTN, dyslipidemia, and older age have been found
to be independent predictors of CVD in CKD (28,58).

3.1. Congestive Heart Failure, Left Ventricular
Hypertrophy, and Ischemic Heart Disease

CHEF is more likely to develop with stage 5 CKD (3,56). The three
mechanical contributors to CHF are pressure overload due to HTN,
volume overload, and cardiomyopathy (58,59). LVH is a more important
survival determinant than CAD; itis due to HTN, fluid overload, anemia,
IHD, myocardial calcification, and systemic diseases (55,59,61). IHD is
often due to the combined effect of volume overload and LVH, with risk
factors including HTN, smoking, DM, IR, lipid disorders, and vascular
calcification (55,61 ).

Heart failure is often difficult to diagnose as UF removes salt and
retained water, leaving only low BP, fatigue, and anorexia as clues to
its presence (55). A patient could lose dry weight and replace it with
fluid when volume overloaded, if target dry weight is kept constant (61).
Therefore, reassessment of dry weight is essential, especially with loss
of muscle mass due to DM.
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3.2. Dialysis-Related Dyslipidemia

Although hyperlipidemia is present in 40% of patients receiving HD
and in 62% of those on PD, it is often under-diagnosed and under-treated
in the United States in patients with stage 5 CKD (28,62). It is likely
that chronic inflammation, illness, and poor nutritional status confound
the relationship of dyslipidemia and ASCVD (63). Screening is recom-
mended for secondary causes such as medications or underlying diseases
of alcoholism, hypothyroidism, and liver disease (27,48). The uremic
dyslipidemic pattern is similar to metabolic syndrome, and relying only
on the measurement of LDL may be insufficient because it does not
account for atherogenicity of very low density lipoprotein (VLDL) and its
remnant particles, intermediate density lipoproteins (IDL) (21,64). Non-
HDL cholesterol (total cholesterol- HDL) correlates highly with apoB-
containing lipoproteins (ApoB), representing the sum of atherogenic
LDL, IDL, and VLDL; and it may be more stable than other lipid param-
eters in HD (64). Non-HDL cholesterol in patients receiving mainte-
nance HD has been shown to be an independent predictor of ASCVD
mortality (27,64). A substantial number of HD patients have elevations
in remnant ApoB in the absence of elevated TG levels, so treatment for
non-HDL greater than 130 mg/dl may be warranted independent of TG
levels, contrary to KDOQI guidelines (21).

3.3. Insulin Resistance (IR)

IR is an independent predictor of cardiovascular mortality in a cohort
of non-diabetic patients with stage 5 CKD. It plays an important role
in clustering atherosclerotic risk factors such as HTN, dyslipidemia,
and abnormal glucose metabolism (65). An increase in ApoB may be
stimulated by increased free fatty acid availability with IR (27). IR
is acknowledged as a non-traditional risk factor for CVD, but it is
not commonly termed pre-diabetes in the CKD population. Impaired
fasting glucose (fasting plasma glucose between 100 and 125 mg/dl)
and impaired glucose tolerance (2-h plasma glucose between 140 and
199 mg/dl) have been officially termed “pre-diabetes” (66). By acknowl-
edging IR as pre-diabetes, early interventions such as therapeutic diet and
lifestyle changes may minimize CVD risk as mild elevations in glucose
may be seen prior to the development of abnormalities in the lipid profile.
However, the question arises: what is the likelihood of the progression
from pre-diabetes to DM in people with stage 5 CKD?
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3.4. Hyperhomocysteinemia

Hyperhomocysteinemia (tHcy) has been diagnosed in about 85% of
maintenance dialysis patients and itis correlated with increased mortality
in this cohort. However, the causal relationship between CVD and tHcy
isuncertain (59,67). High doses of folic acid, up to 25 g, have been unable
to normalize homocysteine levels in some patients, although smaller
doses (1-5 g) have been effective in the pre-dialysis population (59). The
proposed mechanism for the role of tHcy in the progression of vascular
disease includes endothelial dysfunction related to oxidative damage,
oxidation of LDL, smooth muscle cell proliferation, and coagulation
abnormalities (67).

3.5. Inflammation

High levels of C-reactive protein (CRP) may indicate an inflam-
matory state caused by the dialysis procedure itself, vessel inflam-
mation due to atherosclerosis, or OS; however, it is unknown if this
acute phase response is merely an epiphenomenon reflecting established
atherosclerotic disease or if acute phase reactants are involved in initi-
ation, progression of atherosclerosis, or both (68,69). Lowering CRP
cannot be viewed as a primary strategy, as there is no evidence that this
will decrease cardiovascular risk. However, weight reduction, glucose
control, lipid control, and smoking cessation may be helpful (1,59).

3.6. Medical Nutrition Therapy

MNT guidelines to minimize CVD risk are similar to diabetes:
attain/maintain a desirable body weight, control fat intake, and improve
glycemic control. Goals for dietary fat intake include 20-35% of total
calories from fat, with saturated fat less than 7%, polyunsaturated fat up
to 10% and monounsaturated fat up to 20%, total cholesterol less than 200
mg/day, and a minimal amount of trans fats (8,48). The goals for fiber
are 20-30 g/day, with 5-10 g of viscous or soluble fibers such as beta
glucans, gums, mucilages (e.g., psyllium), pectins, and some hemicellu-
loses. Functional fiber products in powder or pill form could be incorpo-
rated into the diet with adjustment for potassium and phosphorus contents
(48,70). Viscous and soluble fiber intake lowers total and LDL choles-
terol. However, all fibers may be beneficial in lowering BP and improving
insulin response (70). Laxatives may be needed if constipation develops
due to a high fiber diet with a limited fluid intake (48).

The Dietary Reference Intakes recommend 45-65% of total calories
as carbohydrates (8). Evidence for a significant association between total
carbohydrate and CVD is lacking, but there is good evidence that diets
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high in glycemic load and refined sugars may raise serum TG levels, and
moderate evidence that high intakes of sucrose or fructose (usually in the
form of high fructose corn syrup) increase the risk of excessive energy
intake (71).

Hyperkalemia has a direct effect on cardiac function with potential
for atrial fibrillation and even sudden death. Patient education regarding
dietary potassium intake should encompass dietary control and other
factors that may influence serum potassium levels. Patients need to know
that unexpected occurrences such as natural climatic or environmental
disaster or a clotted access can delay the HD treatment and ultimately
lead to hyperkalemia.

3.6.1. PLANT STEROLS AND STANOLS

Plant sterols and stanols are plant compounds with similar chemical
structure and biological functions as cholesterol that may also have
anti-inflammatory and anti-oxidative properties (72,73). Incorporating
these products into the diet may help lower LDL and total choles-
terol levels by competing with cholesterol for uptake into mixed
micelles, resulting in the absorption of less dietary and biliary choles-
terol (8,48,73). Daily intake of 2—3 g of plant sterols or stanols reduces
LDL by approximately 10% with an additive effect on statin therapy
(48,73). Esterification allows the incorporation of these products into a
variety of foods, and soft gel capsules containing plant sterols are also
available (8,72).

3.6.2. OMEGA-3 FATTY ACIDS

Omega-3 fatty acids (w-3 FAs) contain eicosapentanoic acid (EPA)
and decahexanoic acid (DHA), which have been shown to reduce
adverse CVD outcomes such as hypertriglyceridemia, atherosclerotic
plaque formation, and decreased endothelial function. Sources of w-3
FAs include cold-water fish such as salmon, mackerel, tuna, butterfish,
whitefish, rainbow trout, halibut, and sablefish. Alpha linolenic acid
(ALA) is another essential FA that is converted in the body to EPA and
DHA; itis found in flaxseed, soybean, canola, and walnut oils. Evidence
for reduced adverse CVD outcomes with use of ALA products is sparse
andinconclusive (8). The American Heart Association recommendations
for -3 FAs are the following (74):
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e if no documented CHD, eat a variety of fish more than two times/week
and include ALA-rich oils;

e if documented CHD, consume about 1 g of EPA + DHA/day, preferably
from fatty fish (although fish oil supplements could be considered in
consultation with the physician);

e if TGs are elevated, use 2—4 g of EPA + DHA/day provided as capsules
only under a physician’s care.

There is a risk of bleeding when high doses of w-3 FAs are used;
therefore, individuals receiving anticoagulation medications need to be
monitored (75). Side effects of fish oil supplements include “fish burps”
(that may be lessened by freezing capsules), loose stools and potential
vitamin A and mercury toxicity (76).

3.6.3. FLuiD CONTROL

Regulation of sodium and fluid intakes are essential to control interdi-
alytic weight gain and to deter volume overload, which adversely affects
cardiomyopathy, LVH, CHF, IHD, and BP. Hemodynamic stability
during the HD treatment is affected by removing large fluid volumes,
and fluctuations in fluid and electrolytes contribute to CVD risk. Use
of hypertonic saline during HD may cause post-treatment thirst, further
compounding the problem. Increased fluid retention with PD necessi-
tates using higher dialysate concentrations for UF, and the concomitant
glucose absorption contributes to TG production and extra calories
resulting in weight gain.

4. HUMAN IMMUNODEFICIENCY VIRUS

Acquired Immunodeficiency Syndrome (AIDS) was first reported
in the United States in 1981, and, in 1983, researchers discovered the
primary causal virus, HIV type 1 (77,78). HIV progressively destroys
the body’s ability to fight infection, predisposing the individual to life-
threatening illnesses. AIDS is the most advanced stage of HIV; itincludes
all HIV-infected people having CD4+ T cells less than 200 mm?, which
is 20% of the level present in healthy adults (77).

4.1. HIV and Nephropathy

HIV in patients with stage 5 CKD is primarily due to HIV-associated
nephropathy (HIVAN), although unrelated intrinsic diseases could
occur. Patients receiving RRT could develop HIV from unprotected
sexual contacts, needle sharing, blood transfusions, or organ transplants,
although the exact cause may not be fully known (79). The true incidence
and prevalence of HIV in patients receiving maintenance dialysis may be
underestimated as HIV screening is not routinely done (3,80,81).
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HIVAN is a collapsing form of focal and segmental glomeruloscle-
rosis, which is usually accompanied by massive proteinuria, although
peripheral edema and HTN are uncommon (78,81,82). The risk factors
for HIVAN include decreased CD4 cell count, high viral load, low
lymphocyte count, and a family history of kidney disease; it is unclear if
IV drug use is a risk or confounding factor (81,82).

4.2. Renal Replacement Therapy

The type of RRT chosen should be based on the individual’s lifestyle,
preference, and availability of support (79). Both HD and PD are effective
modalities, with the type of treatment not predictive of survival (79,83).
PD is an acceptable treatment despite a higher incidence of peritonitis,
although associated protein losses could worsen co-existing wasting
syndrome (79,81).

If HD is chosen, biocompatible membranes are recommended to
lessen white blood cell activation and cytokine release. The Centers
for Disease Control and Prevention does not prohibit the reuse of
dialyzersin HIV (80,84 ). Standard infection control policies are adequate
with transmission risk < 0.5% after percutaneous or mucous membrane
exposure (80).

4.3. Highly Active Antiretroviral Therapy

Combination therapies using three or more anti-HIV medications,
referred to as highly active antiretroviral therapy (HAART), are usually
recommended (85). Drug-related side effects include liver problems,
DM, abnormal fat distribution, high cholesterol, decreased bone density,
pancreatitis, nerve problems, Gl intolerance, nausea, diarrhea, stomatitis,
anorexia, emesis, and metallic and other taste perversions (84-86). Food
in the GI tract can influence drug absorption and complex medication-
food schedules, and side effects can compromise treatment adherence
and tolerability (87).

4.4. Nutrition Risk and Wasting Syndrome

The Nutrition for Healthy Living (NFHL) Study designated weight
loss as the strongest independent predictor of mortality in people with
AIDS despite the availability of HAART (88). Nutritionrisk stratification
encompasses many parameters: a comprehensive dietary assessment
including a diet history and estimates of current intake, subjective global
assessment, anthropometric measurements, biochemical markers, and an
evaluation of comorbidities, medications, and psychosocial/economic
issues (87,89-91). GI disease and associated symptoms play a major
role in nutrition risk (Table 1). Decreased dietary intake may be due to
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Table 1
Gastrointestinal Manifestations with HIV

Dysphagia and odynophagia
Stomatitis: aphthous and chemotherapy, induced
Neoplasms: of the oral cavity, posterior pharynx or esophagus
Esophagitis: related to candida, cytomegalovirus, herpes simplex
virus, idiopathic ulceration, acid-reflux, Kaposi’s sarcoma

Nausea and/or Vomiting: often an adverse effect of medication abdominal
pain

Stomach: gastritis, focal ulcer, outlet obstruction

Small bowel: enteritis, obstruction, perforation

Colon: colitis, obstruction, perforation, appendicitis

Liver and/or spleen: infiltration, cholecystitis, papillary stenosis,

cholangitis
Pancreatitis
Mesentery infiltration

Diarrhea:

Infections: protozoa/helminths, bacterial, viral

HAART

Bowel: irritable bowel, inflammatory bowel disease, small bowel
overgrowth (clinical syndrome of diarrhea and malabsorption of
fat, vitamin B12, and carbohydrates)

Inadvertent use of cathartics: megadoses of vitamin C, lactose
intolerance, sorbitol-containing foods

AIDS enteropathy

Malabsorption
Steatorrhea
Intestinal mucosal disease
Small bowel overgrowth
Achlorhydria
Rapid transit secondary to infectious diarrhea
Lactose intolerance
Biliary obstruction secondary to tumor or infection
Pancreatic insufficiency
Mucosal atrophy secondary to protein-calorie malnutrition

Anorectal disease
Bacteria
Viruses
Protozoa
Neoplasms
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Miscellaneous: condyloma acuminatum, idiopathic ulcers, perirectal
abscess, fistula

Jaundice and hepatomegaly
Hepatitis B and C
GI bleeding
GI tumors
Kaposi’s sarcoma,
Non-Hodgkin’s lymphoma

AIDS, Acquired Immunodeficiency Syndrome, GI, gastrointestinal: HAART, highly
active antiretroviral therapy; HIV, human immunodeficiency virus.
Compiled from refs (88,91,92).

dysgeusia, oral pathology (poor dentition, thrush), depression, neuro-
logical impairment and changes in mental status, fear of worsening
diarrhea or abdominal pain, and poor supportive care (87,90,92).
Anorexia may also be present, possibly related to HAART toxicity and
less often from opportunistic conditions of the oral cavity, upper GI
tract, endocrine system, or central nervous system, especially if the CD4
count is < 200 cells/mm? (88). An inability to eat due to medication
regimens or fatigue adds to nutrition risk, while chemical dependency
and socioeconomic factors can limit access to proper food and adequate
nutrition (87,88). Uremia, the dialysis schedule, inadequate dialysis,
and renal-related dietary restrictions may further affect dietary intake.
The NFHL cohort revealed that increased use of dietary supplements
such as herbal remedies, vitamins, and chemical supplements including
protein drinks needs to be evaluated (90). High nutrition risk in HIV
patients is associated with dialysis, poorly controlled DM, and >10%
unintentional weight loss over 4-6 months or > 5% within 4 weeks,
while moderate nutrition risk is related to dyslipidemia, evidence of
body fat redistribution, oral thrush, and chronic nausea, vomiting, and
diarrhea (87).

Monitoring changes in body weight should not be the sole method
used to detect nutritional deficiencies, and use of BMI allows for compar-
isons to population norms only (88,91). Traditional anthropometric
measurements can be performed, although the reference tables are not
validated for people with HIV-associated wasting. However, waist and
hip circumferences have relevance with waist : hip ratios of > 0.85 in
women and > 0.95 in men, indicating lipodystrophy (90,91). A marked
decrease in one body compartment may be counterbalanced by increases
in another with little net change in total body weight (88). Decreases in
body cell mass (BCM) (all non-adipose cells + aqueous compartments
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of the fat cells) may be seen in proximal muscle wasting, weakness
of deltoids/iliopsoas, and peripheral edema and may be reflected in
laboratory values by increased blood urea nitrogen (BUN))/creatinine and
decreased albumin (88).

Wasting associated with HIV, particularly loss of metabolically active
lean tissue, is associated with higher mortality rates, accelerated disease
progression, loss of muscle protein mass, and impaired strength and
functional status (89). This may be due to inadequate intake, impaired
deglutition, malabsorption, metabolic alterations, and endocrine factors
such as adrenal insufficiency and hypogonadism, excessive cytokine
production, and neoplasms such as lymphoma and Kaposi’s sarcoma
(88-92). Rapid weight loss (greater than 4kg in less than 4 months)
has been associated with acute infection, and chronic, more gradual
weight loss (greater than 4kg in more than 4 months) often reflects
GI complications (91). There could also be non-classical wasting from
lactic acidosis accompanied by rapid weight loss, abdominal pain, and
fatigue (89).

4.5. MNT and Other Interventions

Energy balance is particularly relevant in patients with HIV who are
receiving maintenance dialysis, with the goal of achieving a steady state.
Negative energy balance leading to weight loss may be primarily due to
calorie deficits, as well as possible increases inresting energy expenditure
(REE) linked to plasma viral load, secondary infections, HAART, drug
stimulants such as cocaine, and constitutional symptoms such as feverand
nightsweats (90,97 ). REE may be increased by as much as 10% in patients
with HIV (88). Elevated REE may be a cofactor in accelerated weight
loss and evidence of failure to compensate for decreased energy intake.
Total energy expenditure (TEE) may be decreased despite increased
REE if physical activity is reduced in an effort to conserve energy
with secondary opportunistic infections. It is postulated that the lethargy
and fatigue accompanying malnutrition in AIDS may be compen-
satory in nature (88,90,91). Conversely, a positive energy balance will
promote weight gain given increased intake with decreased energy
expenditure.

The actual energy needs of patients with HIV undergoing maintenance
dialysis are unknown, and in weight-stable patients, TEE is not signifi-
cantly elevated and may be comparable to the value in healthy subjects
(91). Activity level may be significantly increased with compulsive
exercise or decreased, as previously discussed (90).

Maintenance of intact visceral proteins might be more significant
in this population given the propensity toward infection which could
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become worse during dialysis. Thus, energy requirements need to be
individually factored for metabolic needs and activity. The KDOQI
nutrition guidelines for energy and protein in patients receiving mainte-
nance dialysis would be applicable with frequent adjustments after
monitoring the patient’s weight, protein status, and overall medical
condition. An extra 5-10kcal/kg weight may be required to achieve
anabolic effects (88). Evidence is lacking to support the recommen-
dation of 1.5g protein/kg weight/day, especially given the need to
balance protein and calories for proper utilization (90,91). Sodium,
potassium, and fluid requirements would be determined by considering
the individual’s GI symptoms and metabolic profile.

A multidimensional approach to treating the HIV-infected patient is
indicated, including nutrition counseling, appetite stimulants, anabolic
hormones, and exercise (89). Treatment of secondary infections and
other complications is paramount, with aggressive control of underlying
problems such as diarrhea and nausea and attention paid to meal timing
with medications and symptoms (90,91). Safety issues regarding food
and water handling should be emphasized in nutrition education. ONS
can be useful, with the type of supplement based upon the patient’s fluid
and electrolyte status while considering hyperosmolarity effects on GI
function; semi-elemental or predigested formulas may be needed for
malabsorption. More aggressive nutrition support such as intradialytic
parenteral nutrition, tube feeding, or total parenteral nutrition may be
required in some cases (Chapter 12).

Megestrol acetate, an appetite stimulant approved by the Food and
Drug Administration for the treatment of HIV-associated anorexia,
promotes weight gain primarily from fat, but it may be helpful in
maintaining total energy intake (89,97). Testosterone increases LBM
in hypogonadal men with AIDS wasting, and synthetic anabolic agents
such as oxandrolone, nandrolone decanoate, and oxymetholone can
also increase weight and LBM; however, only oxandrolone has been
approved for treating wasting associated with AIDS (87,89,91). These
drugs may not be appropriate for the HIV dialysis patient. Recom-
binant human growth hormone has been shown to improve nitrogen
balance and to promote lean tissue retention in HIV patients with CKD,
although long-term effects are unknown (89,917). Anticytokine therapies
as well as -3 FAs have been used to attenuate catabolic response to
inflammation, but the role of these therapies are not fully understood
(87,89,91).

Progressive resistance exercise training can maintain or restore fitness
as well as increase muscle mass and LBM when combined with adequate



406 Part III / Chronic Kidney Disease (Stage 5) in Adults

dietary intake. While aerobic exercise may be beneficial with fat
mobilization, there is minimal increase in BCM with a possible rise in
CD4 count (88,90,91).

4.6. Metabolic Abnormalities and Changes in Body
Composition

HAART-related metabolic abnormalities may develop, such as
dyslipidemia (with hypertriglyceridemia, low HDL, increased LDL, and
elevated total cholesterol), abnormal carbohydrate metabolism (ranging
from IR with and without glucose intolerance to DM), and lactic
acidosis/hyperlactatemia (93,94). The inflammatory response to chronic
HIV infection may be proatherogenic (94). The Multicenter AIDS Cohort
Study found increased risk of DM in HIV-infected men on HAART
(95). IR with HIV increases the risk for fat abnormalities and loss of
SC fat, with IR often preceding this (93,94,96). Lipodystrophy or fat
redistribution is common in 30-50% of patients receiving antiretroviral
therapy. It encompasses loss of facial, buttocks, and extremity fat, while
increased fat accumulation is seen in dorsocervical fat (“buffalo hump”),
breast enlargement, and greater abdominal girth due to increased visceral
adipose tissue (VAT) (94,96). When fat redistribution occurs, patients
should be screened and monitored for glucose and lipid metabolism
disorders (88,94).

A simulated metabolic syndrome presents with abdominal obesity,
HTN, abnormal serum lipids, and IR with concern for development
of CAD, stroke, and PVD (94,96). Treatment would be similar to
non-HIV-infected individuals with this profile regarding diet, exercise,
and medications (86,93,95,96). However, there is the potential for
adverse drug interactions with high doses of lipid-lowering medications
(94,97).

IR has been shown to decrease with the use of thiazolidinedione;
however, consistent improvements in VAT or in SC lipoatrophy with
thiazolidinedione have not been shown. Increases in adipogenesis in vitro
suggest that these agents may be able to reverse SC fat loss (93,94).
Hypocaloric diets are recommended for overweight patients (i.e., BMI
>27 kg/m?), although rapid weight loss should be avoided; and both
aerobic exercise and resistance training should be pursued (94).

4.7. Anemia

Anemia is worsened with HIV due to direct effects on erythropoiesis,
opportunistic infections and parovirus B19 infection, antiretroviral
drugs, and drugs that treat infection or malignancies (80,84,98). Dose
requirements of epoietin alpha may be higher, and the safety of IV iron
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administration is not fully known (98). Careful monitoring of viral load,
CD4 count, and ferritin is indicated when IV iron is administered due to
anemia with transferrin saturation <20% and/or ferritin <100 ng/ml, as
studies have shown that OS in the presence of iron may activate HIV-1.
Ferritin may also be elevated as an acute phase reactant, and high iron
stores may adversely affect outcomes (80,84,98).

5. SUMMARY

Nutrition care for patients receiving maintenance dialysis with DM,
CVD, and/or HIV has the common themes of energy balance, preventing
malnutrition, minimizing dyslipidemia, attaining good glycemic control,
and understanding the roles of inflammation and OS. The medical
nutrition therapies are similar, emphasizing adequate protein intake,
appropriate energy consumption, modification of fats, and carbohydrate
regulation. Each patient’s nutritional care plan must be individualized
in light of his/her comorbid conditions, age, psychosocial status, and
rehabilitation potential. The overall impact of the disease state needs to
be considered beyond the renal restrictions, if outcome and quality of life
are expected to improve.

6. CASESTUDY

MT is a 73-year-old male with type 2 DM of 25 years duration who
initiated HD 3.5 months ago. His past medical history is significant
for diabetic neuropathy, nephropathy, and retinopathy; HTN, dementia,
CAD (s/p coronary artery bypass graft 3 years ago); prior amputation
of two toes and recent amputation of great toe tip. At the start of
HD, MT had a urine output of approximately 500 ml/day; a 24 hours
urine has not been repeated since then. He dialyzes for 4 hours on the
second shift starting at 11 am. Initial nutrition education was done upon
dialysis initiation by another dietitian who followed him until 1 month
ago. Home glucose monitoring was being done twice per day. Diabetic
medication adjustments and teaching were done by family doctor and his
staff.

Laboratory tests reveal:

BUN Creatinine Na K Ca PO, Alb Glucose HbAIC

Initial 55 4.6 138 3.7 94 32 34 472 7.4
Most 83 6.4 136 47 82 33 3.7 347 9.0
recent
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His medications include Ancef ® every treatment x 2 weeks, started
10 days ago, Augmentin®, Cardizem®, Cardura®, Coreg®, Epogen®
10400 units, 70/30 insulin: 15 units AM, 10 units PM; initiated 2 weeks
after starting HD and changed 2 weeks ago to 30 units AM, 15 units PM.

His wife states that two nights ago he had episode of severe
hypoglycemia at 9.30 pm. He was asleep and appeared sweaty, so she
checked glucose which was 40. She treated the hypoglycemia but called
paramedics as blood sugar was still low. MT earlier that day had been
hypoglycemic at end of HD treatment for which he received D50, and he
was discharged from the dialysis unit in stable condition.

6.1. Key Questions

1. What questions would you ask her to problem solve and help deter
reoccurrence?

2. Based on her answers and medical history, what factors may be influ-
encing his glycemic control?

3. What interventions would you advise?
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1. INTRODUCTION

Women with chronic kidney disease (CKD) who become pregnant
during the early stages of the disease, while undergoing chronic dialysis
or after renal transplantation, are all considered to be at high risk
for complications. Hypertension is the most prevalent life-threatening
complication during pregnancy in all stages of CKD. There is also
a greater risk for more rapid decline in kidney function for women
who become pregnant with a serum creatinine greater than or equal
to 1.4mg/dL. Women who become pregnant after a kidney trans-
plant do not have an increased risk for loss of kidney function if
the function is well preserved, but immunosuppressive medications
(especially cyclosporine) have been known to contribute to infants
born small for gestational age. The incidence of premature birth also
remains high for women during all stages of CKD (/,2).

Fertility generally returns for women who have a good functioning
kidney transplant, but otherwise women with CKD tend to become
pregnant less frequently than those with normal kidney function. There
is also found to be a significant decrease in conception for women
undergoing dialysis (/,2). Although it has been reported that the occur-
rence of pregnancy in the dialysis population has increased from 0.9%
in 1980 to 1-7% between 1992 and 2003, pregnancy is still considered
relatively uncommon (3).

One recent report in the literature has noted that 40-85% of infants
born to women on dialysis now survive (4). In efforts to continue these
advances in pregnancy outcome, many challenges are presented to
the team of nephrology professionals caring for pregnant women with
CKD undergoing chronic dialysis therapy. The following discussion
will focus on the care of this specific population, including changes in
the dialysis regimen, medications and nutrition management, as they
all impact on each other as well as on pregnancy outcome.

2. CONFIRMATION OF PREGNANCY

The confirmation of pregnancy in women undergoing dialysis
generally requires a pelvic ultrasound in addition to the blood test that
measures levels of the (3 subunit of human chorionic gonadotropin
(hCG). This is because the kidney excretes the small amounts of hCG
produced by somatic cells, and in renal failure, this test can appear
positive by usual standards (5). Once pregnancy is confirmed, and
the individual wishes to proceed with it, she should be referred to a
high-risk obstetrics practice.
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3. DIALYSIS REGIMEN

Intensive dialysis is a key component to successful pregnancy
outcome for women undergoing dialysis. The amount of dialysis is
increased in efforts to mimic more normal kidney function during fetal
development. It has been shown that 16-24 hours of hemodialysis
per week is associated with improved infant survival (3). This is an
important message to convey to women in this population as soon as
a pregnancy is confirmed, as it involves an alteration in lifestyle with
a much greater time commitment to dialysis. It is also important to
inform the patient at this time that she will be transferred to a hospital-
based dialysis setting for fetal monitoring during the treatment once
she reaches approximately 24-week gestation.

The prescribed duration and frequency of dialysis seems to vary,
as noted in a review of the literature (3—6). Over the years, the goals
for determining adequate dialysis during pregnancy have generally
included the parameter of maintaining the pre-dialysis blood urea
nitrogen below 50 mg/dL. As adequate protein and energy intakes
are of high importance during pregnancy, more frequent dialysis
allows for more liberal dietary intakes while achieving this goal. Most
dialysis regimens are now based on case reports of apparent improved
infant survival with at least 20 hours/week of hemodialysis (5).
Although Kt/V measurements may be difficult to interpret due to
urea generation by the fetus, they probably should be evaluated.
One author recommends a target Kt/V in the range of 1.5-1.7 per
treatment during pregnancy, while others report positive outcomes
with retrospective measurements of a mean weekly Kt/V ranging
from 5.0 to 9.6 & 1.4 (4-06).

As previously mentioned, hypertension can be a serious compli-
cation of pregnancy for women with CKD. Severe hypotension on the
other hand may promote fetal distress (5). In efforts to avoid potential
hypertension due to volume overload, and potential hypotension with
the need to remove large volumes of fluid during the treatment, more
frequent dialysis is recommended. Most pregnant patients are dialyzed
four to six times per week. Now, with nocturnal hemodialysis being a
treatment option, this may be an ideal regimen for the pregnant dialysis
patient. A reported case from Toronto, Canada using this method of
treatment for 7.5 hours, 7 nights/week resulted in good blood pressure
control for the mother during her pregnancy, and the delivery of a
healthy infant weighing 3025 g at 38-week gestation. The case study
illustrates an example of a patient who had already been undergoing
nocturnal dialysis, but during her pregnancy the treatment time and
frequency were increased (7).
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The content of the dialysate used for hemodialysis during pregnancy
will vary depending on the amount of dialysis given as well as the
mother’s dietary intake and levels of serum electrolytes, calcium and
bicarbonate. It is recommended that frequent monitoring of all of
these levels be done during the pregnancy. With more dialysis, a 3.0
potassium (K+) dialysate concentration may be required to maintain
normal serum potassium levels. Even though the fetus requires 25-30 g
of calcium for proper skeletal development, it is usually not necessary
to increase the dialysate calcium content when calcium-containing
medications are taken and more frequent dialysis is given (4). A
standard 2.5 mEq/L calcium dialysate concentration is frequently used.
There is also some production of calcitriol by the placenta, which
makes it important to frequently monitor serum calcium levels to
avoid hypercalcemia (5). As goals for serum calcium in the general
dialysis population are now lower (8), it seems reasonable to maintain
serum calcium levels for pregnant women on dialysis in the higher
end of this range, although there is no literature to support this
assumption.

There are case reports in the literature that discuss successful
pregnancy outcomes for women undergoing peritoneal dialysis. More
frequent exchanges with lesser volumes of instilled peritoneal fluid are
necessary as the pregnancy progresses to allow more intense dialysis
with less abdominal discomfort (4). One report utilizes tidal dialysis
with the automated cycler machine to promote both comfort and
increased dialysis clearance (9).

4. ENERGY AND PROTEIN NEEDS

Initial and ongoing nutrition assessment and counseling of the
pregnant dialysis patient is very important due to increased energy,
protein, vitamin and mineral needs for this population. It is recom-
mended that the dietitian meet with the patient to discuss an overview
of nutritional needs as soon as possible after the pregnancy is confirmed
and she has agreed to follow through with it. Weekly follow-up using
dietary recalls and/or food intake records to evaluate nutrition adequacy
is suggested as well (10). Also, collaboration with the dietitian at the
hospital-based center where the patient will dialyze for the last few
months of her pregnancy is recommended.

Generally, 35 kcal per kg/day of pregravida ideal body weight (IBW)
or adjusted IBW are prescribed in the first trimester, and 300 kcal/day
are added to this value for the second and third trimesters (Table 1).
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Table 1
Nutrient Recommendations for the Pregnant Dialysis Patient (6,10-13)

Energy 35 kcal/kg pregravida IBW + 300 kcal/day in second
and third trimesters; may need a nutritional
supplement to meet needs.

Protein 1.2 g/kg pregravida IBW + 10 g/day (HD); 1.2-1.3 g/kg
pregravida IBW + 10 g/day (PD); May need a
nutritional supplement to meet needs.

Vitamins Folic acid—at least 2 mg/day—doubling a standard

renal vitamin should provide adequate folate
and other water-soluble vitamins needed during
pregnancy.

Vitamin D—analogs have been given, but not enough
information on safety during pregnancy.

Vitamin A—mnot usually given, thus renal vitamins are
generally given instead of prenatal vitamins.

Minerals Iron—usually given IV during dialysis (generally iron
sucrose or gluconate) to achieve iron studies in goal
range for general dialysis population; oral iron has
been used, but not as well absorbed.

Calcium—given as calcium acetate or carbonate to
bind phosphorus, or as calcium carbonate for a
calcium supplement; keep in mind that there is
increased absorption of calcium from dialysate with
more frequent dialysis.

Sodium, potassium and phosphorus—can often be
liberalized in the diet with more dialysis; phosphate
binders may not be needed.

Zinc—at least 15 mg/day recommended.

IBW, ideal body weight; HD, hemodialysis; PD, peritoneal dialysis, IV, intra-
venously.

Daily protein needs are generally 1.2 g/kg IBW plus 10 g/day for
women undergoing hemodialysis and 1.2—-1.3 g/kg IBW plus 10 g/day
for those receiving peritoneal dialysis (/0-12). It may be easier to
meet these needs, as the diet can frequently be liberalized for sodium,
potassium and phosphorus content due to the increased amount of
solute removal with more dialysis. At times, though, the women may
require protein or calorie/protein supplements to attain her estimated
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energy and protein requirements. Generally, a regular commercial
supplement may be used with increased dialysis time.

5. VITAMINS AND MINERALS

Water-soluble vitamins are usually preferred over prenatal vitamins
due to the need to avoid excess vitamin A for all individuals with CKD
undergoing dialysis. With increased requirements for water-soluble
vitamins during pregnancy, as well as increased losses anticipated with
more intensive dialysis, a standard renal vitamin containing 1 mg folic
acid is often doubled. Folate deficiency has been linked to neural
tube defects in infants born to women without CKD, thus assuring
at least 2mg of folic acid per day for pregnant women undergoing
dialysis has been encouraged (2,6). Presently, there are renal vitamin
preparations already containing greater than 1 mg of folic acid with
adequate amounts of other needed water-soluble vitamins and even
added zinc. These may be utilized as well.

Vitamin D analogs have been given intravenously during dialysis
to pregnant women needing suppression of the parathyroid hormone
(PTH) and to maintain normal serum levels of calcium. There does not
seem to be definitive information available concerning whether these
forms of vitamin D cross the placental barrier and, if so, whether they
are safe relative to fetal development (2,13).

Intravenous iron has been given safely to pregnant patients during
hemodialysis, based on goal ranges for serum levels of transferrin
saturation and ferritin used in the general dialysis population. Iron
dextran has been reportedly used during pregnancy, but iron sucrose
and iron gluconate are generally used at present (/3). Although not
as well absorbed, oral iron preparations have also be used instead of
intravenous iron, either alone or in combination with a vitamin.

Zinc supplements are prescribed in the amount of at least 15 mg/day
to prevent increased risks of fetal malformation, preterm delivery, low
birth weight and pregnancy-induced hypertension (2,/0). As mentioned
above, zinc may be included in the renal vitamin prescribed.

Calcium-containing phosphate binders are generally given to the
pregnant dialysis patient due to increased calcium needs of the
fetus. There are no studies to evaluate the safety of using calcium
acetate during pregnancy; however, this preparation as well as calcium
carbonate have been utilized during this time (/3-15). They may be
given with meals for phosphate binding, or apart from meals primarily
for calcium supplementation if the serum phosphorus level is below
goal range.
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6. WEIGHT GAIN AND SERUM ALBUMIN

Due to fluid retention with CKD, it is difficult to determine
actual solid body weight gain during pregnancy for women under-
going dialysis. It has been suggested that during the second and third
trimesters, when most weight gain occurs, that the pregnant dialysis
patient’s estimated dry weight (EDW) be increased by 0.5 kg/week
(16). More frequent treatments with gentle fluid removal may help
with this assessment, but a team approach involving regular collabo-
ration with the dialysis technicians, nurses, physicians, dietitian and
patient is very important when determining true weight gain.

The evaluation of adequate protein intake is also difficult, as the
expected decrease of serum albumin during pregnancy is about 1 g/dL
for women without CKD (/7). Recommendations are to continue
weekly dietary recalls or records to assess daily protein intake and to
continue to strive for a serum albumin >3.5 g/dL (10).

7. MEDICATIONS

Because blood pressure control is very important for the pregnant
dialysis patient, goals are to keep measurements <140/90 mmHg. If
there is no apparent fluid overload but hypertension exists, medica-
tions are utilized. There are several antihypertensive agents considered
safe during pregnancy including methyldopa, 8 blockers and labetelol.
There is less experience using calcium channel blockers and clonidine,
but these are likely to be safe as well. Angiotensin converting enzyme
inhibitors (ACEi) and angiotensin receptive blockers, on the other
hand, are contraindicated during pregnancy. Human studies have linked
these drugs to an ossification defect in the fetal skull, dysplastic
kidneys, neonatal anuria and death from hypoplastic lungs (2,4,6).

Anemia is another complication during pregnancy, especially for
women with CKD undergoing dialysis treatment. Epoetin alfa (Epogen,
Amgen, Inc., Thousand Oaks, CA) given during dialysis has been
used safely for this population, with no known congenital anomalies
reported. The dose frequently needs to be increased as the pregnancy
progresses to maintain hemoglobin >10-11 g/dL (4). The need for
blood transfusions during pregnancy for women undergoing dialysis
has significantly declined with the use of this medication (35).

8. SUMMARY

Pregnancy for women who have CKD, especially for those under-
going dialysis, is a complex medical condition. The dietitian must
realize the importance of ensuring that the patient is counseled and
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evaluated regularly to increase energy and protein in her diet to meet
the needs of the developing fetus. The patient must also be guided to
change her usual renal vitamin regimen to include adequate amounts of
folate and other water-soluble vitamins that have significance during
pregnancy. The management of calcium, phosphorus and vitamin D
required may need to be modified for the patient’s safety, and zinc
will need to be supplemented as well.

As mentioned previously, the management of a pregnant patient
with CKD, especially if she is undergoing dialysis, requires a team
approach involving nephrology and high-risk obstetrics health care
professionals. Regular follow-up and communication are important to
promote positive outcomes.

9. CASE STUDY

TW is a 34-year-old female with End-Stage Renal Disease (ESRD)
due to glomerulonephritis and a history of hypertension as well. She
initiated hemodialysis for 3.5 hours, three times per week in 7/01. At
the end of 1/02, she reported that her last menses was in mid-12/01.
A pregnancy test (beta-human chorionic globulin (hCG) was done and
appeared to be positive. A pelvic ultrasound done 2/13/02 showed a
live intrauterine gestation corresponding to 9 weeks, 5 days. TW was
then counseled about her potential dialysis regimen if she decided to
proceed with the pregnancy. When she agreed to proceed, she was
referred to the high-risk obstetrics department at a university hospital
associated with the dialysis facility.

TW brought a 24-h urine collection in 2/03, which was twice the
volume of her collections in 10/01 and 1/02. As a total Kt/V of 1.97 was
calculated, no immediate change was made in her dialysis prescription.
She continued 3.5 hours, three times per week with a PSN 170 dialyzer
and a 3.0 K+/2.5 Ca dialysate solution. Also, for safety, her antihyper-
tensive medication was changed from amlodipine to methldopa when
the pregnancy was confirmed.

In 4/02, when her Kt/V decreased to 1.29, TW was convinced to
increase her dialysis time to at least 3.5 hours four times per week.
She did not want to do any more time due to other appointments and
care of her four other children.

TW is 71inches tall with a IBW of 70kg based on the Hamwi
method. Her EDW at the approximate time of conception in 12/01 was
98.5 kg, which was 140% of her IBW. Her body mass index (BMI) was
calculated to be 30.3. Her estimated kcal/protein needs were 2800/day
(35/kg IBW + 300 kcals as she was nearing her second trimester) and
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94 g/day (1.2 g/kg IBW + 10g). Intakes were evaluated by frequent
24-h recalls, and she seemed to be eating well.

TW’s EDW was increased from 98.5 kg in 12/01 to 101.5 kg in 2/02,
to 103.5kg in 3/02, to 104.5 kg in 4/02 and to 106 kg in 5/02 when she
had reached 24-week gestation. Her serum albumin did decrease (from
3.8 g/dL) to 3.6 g/dL in 4/02 and 3.4 g/dL in 5/02 just before she was
transferred to the inpatient hospital dialysis unit. TW’s diet was only
mildly restricted in potassium even before she increased her dialysis
time. When the dialysis regimen was increased to 15 hours/week in
4/02, the diet was further liberalized. Her K+ level was 4.8 mEq/L in
early 5/02.

TW was prescribed calcium carbonate (500 mg), 2 tid w/ meals.
Calcium/phosphorus levels remained acceptable, but when her calcium
was 8.4 mg/dL and then 8.5mg/dL, the dialysate was increased to
3.5mEq/L in 5/02. No active vitamin D was given, as her intact PTH
was 67 pg/mL in 1/02 and the safety of giving it during pregnancy was
uncertain. Even when the intact PTH in 4/02 was 544 pg/mL, none
was given until after her delivery.

Other vitamins, minerals and medications prescribed for TW during
pregnancy were renal vitamins (Nephrocaps, Fleming and Company
Pharmaceuticals, St. Louis, MO)—2/day, zinc—50 mg/day (15 mg
recommended, but the zinc gluconate obtained was easily tolerated and
inexpensive), epoetin alfa (Epogen, Amgen, Inc.) adjusted as needed
and increased at 22-23 weeks due to decreasing hemoglobin, and intra-
venous iron sucrose (Venofer, American Regent, Shirley, NY). TW
was transferred to the hospital-based dialysis unit at 24-week gestation
for fetal monitoring during dialysis. She remained on hemodialysis
for 3.5 hours, 4 times per week. Because her intakes were decreased
prior to transfer, a commercial nutrititional supplement (Boost Plus,
Novartis, St. Louis Park, MI) was recommended.

She was admitted to the hospital at approximately 30-week gestation
due to preterm labor. Per TW, her weight dropped to 101 kg (not
confirmed) during her hospitalization prior to delivery. This may have
been because she did not eat well in the hospital and did not take
the nutrition supplements prescribed. Also, her weight may have been
overestimated initially and her hospital weights were on a different
scale wearing only a gown. The suggested weight gain for women
with a BMI >30 is approximately 6 kg for a full-term pregnancy (70).

TW was discharged from the hospital at 34-week gestation and
readmitted when she went into labor at 34.5 weeks. She delivered a
4 Ib. 6 oz. baby girl at that time. Presently, TW who had a kidney
transplant in 8/05, and her daughter, who is now 4 years old, are
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doing well. It is speculated that this patient may have had a successful
pregnancy outcome while dialyzing for less time than recommended
because she did have residual kidney function (2).

9.1. Questions
1.

2.

What lifestyle changes must be considered when counseling women
with CKD undergoing dialysis once pregnancy is confirmed?

How are estimated energy needs calculated for the pregnant dialysis
patient?

. How are protein needs calculated for the pregnant hemodialysis

patient?

Which vitamin is supplemented in the diet of pregnant dialysis patients
to prevent neural tube defects?

Why is the dialysis regimen for a pregnant dialysis patient intensified?
How is anemia treated for pregnant women undergoing hemodialysis?
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LEARNING OBJECTIVES

1.

Identify three key differences in nutritional assessm