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ABSTRACT 
Chronic kidney disease (CKD) is a condition that is characterized by a 

progressive decrease in kidney function.  With CKD and hemodialysis treatments 

come many complications that increase the risk for gaps in nutritional intake.  Since 

renal patients are at increased risk for nutritional deficiencies, they may benefit from 

the use of dietary supplements.  Current standards do exist, but there is much 

controversy concerning the usage of vitamins and minerals to lower risk for nutritional 

deficiencies, inflammation, and incidence of cardiovascular disease among this 

population.  The purpose of this study was to examine the supplementation practices 

of dietitians working with CKD patients receiving hemodialysis.  A survey instrument 

was created to evaluate the practices of supplement use among practitioners in 

hemodialysis clinics.  All statistical analyses were performed using SPSS statistical 

software (version 16.0).  Both frequency and Chi-square analyses were conducted to 

analyze the data.  One hundred and sixty-seven responses were received from 

professionals from various regions across the United States.   

In hemodialysis clinics, dietitians were the primary decision makers when it 

came to the recommendation of supplements to patients.  This information is 

significant as it demonstrates the important role that the dietitian plays in the treatment 

of dialysis patients.  Cost was identified as a major barrier that patients face in taking 

appropriate supplements and it is also plays a role in influencing the selection of 

supplements by nutrition professionals.  In addition to identifying what inhibits 

patients from obtaining supplements, the respondents were also asked to provide 
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feedback regarding what vitamins, minerals, phytochemicals, and/or food components 

should be found in the ideal renal supplement for hemodialysis patients.   

When compared to the “standard” renal vitamins currently on the market, the 

majority of practitioners indicated that the ideal renal supplement should contain 

amounts of vitamins C, B-6, B-12, and zinc similar to those found in the currently 

available formulations.  On the other hand, almost half of the practitioners felt that 

≥2.5 mg of folic acid should be included in the ideal renal supplement, whereas most 

supplements currently only contain 0.8-1.0 mg.  Selenium and vitamin E are not 

typically found in the current renal supplements on the market and the majority of the 

respondents indicated that they would like to see at least the Dietary Reference Intake 

(DRI) amounts included.  Interestingly enough, the professionals who responded to the 

survey also specified that they would like to see other B-complex vitamins, omega-3 

fatty acids, lycopene, lutein, resveratrol, CoQ10, and lipoic acid  in a supplement for 

hemodialysis patients.  Outcomes indicate that further research is undeniably needed 

to explore the “optimal” doses of several vitamins, food components, minerals, 

antioxidants, and phytochemicals for hemodialysis patients.  This study presents 

typical practices and ideas with regards to the supplementation of hemodialysis 

patients and has generated further questions that need to be explored.   
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CHAPTER I 

INTRODUCTION 
 

Background 

Chronic kidney disease (CKD) is a condition that is characterized by a 

progressive decrease in kidney function.  More specifically, the National Kidney 

Foundation defines CKD as “kidney damage or a glomerular filtration rate (GFR) of 

less than 60 mL per minute per 1.73 m2 (body surface area) for three months or more.” 

Some decline in renal function is a normal part of the aging process; however other 

factors can expedite a decline in function as well.  The leading cause of kidney disease 

is uncontrolled diabetes mellitus.  Other factors that impact renal function are 

uncontrolled high blood pressure, congenital diseases, infections, drugs, and toxins 

(National Kidney Foundation, 2008).   

Several forms of kidney disease are known, however CKD affects a larger 

portion of the world’s population compared to the other forms of renal disease.  With 

an increasing number of diabetics, the incidence of renal disease continues to rise 

(Beto & Bansal, 2004).  Within the United States, about 1 in 9 adults have CKD, 

which according to the Third National Health and Nutrition Examination Survey 

(NHANES III) translates to about 19.2 million American adults (Saviaca et al., 2005).  

However, this percentage is suspected to rise substantially due to the increase in the 

incidence of Type II diabetes.  Approximately 40.3% of the cases of severe CKD can 

be attributed to diabetes (American Dietetic Association, 2004).  
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Patients with CKD may eventually experience a permanent loss of renal 

function.  During the early stages of renal disease, medical and nutritional 

management are crucial to attempt to slow damage to the kidneys.  Eventually, in 

those with progressive renal failure whose kidneys are no longer able to process waste 

and function to sustain homeostasis, dialysis or a renal transplant are the only options 

for survival (American Dietetic Association, 2004). 

The two forms of dialysis are hemodialysis and peritoneal dialysis.  Peritoneal 

dialysis involves a high glucose solution that is placed in the peritoneal space, allowed 

to dwell there for 4-6 hours and then drained.  Hemodialysis is the most common form 

of dialysis and is used in more than 300,000 patients to sustain life (Himmelfarb, 

2005).  Unlike peritoneal dialysis, hemodialysis requires vascular access via a fistula, 

graft, or catheter and patients usually spend around 9-12 hours per week receiving the 

treatment.  During the treatment process, products that the kidneys can no longer 

excrete (fluid, sodium, phosphorus, potassium, and urea) are filtered via osmotic 

pressure and a membrane.  Potential side effects of hemodialysis include malnutrition, 

low blood pressure, fatigue, cramps, headache, and infection (National Institute of 

Health, 2009).   

Due to the usual loss of appetite, decreased dietary intake, and losses during 

hemodialysis, it can often be difficult for patients with CKD to meet the various 

nutrient recommendations.  As a result, nutrient supplements are often recommended.  

Many specialized formulations for renal patients are on the market.  Supplements 

designed for the general population are not formulated to meet the specialized nutrient 

needs of this population.  Non-renal supplements do not contain adequate levels of 
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water-soluble vitamins and contain some components, such as vitamin A that may not 

be necessary for renal patients. 

Statement of the Problem 
 

With CKD and hemodialysis treatments come many complications that 

increase the risk for gaps in nutritional intake.  Malnutrition is common among renal 

patients and the diets prescribed are fairly restrictive, making achieving adequate 

nutritional intake difficult.  Furthermore, when the renal system begins to fail, certain 

micronutrients, such as vitamin D, are not metabolized, produced, or absorbed 

properly, potentially leading to deficiencies as well.  Certain medications that are 

commonly prescribed to renal patients also can have side effects that alter appetite and 

possibly the absorption of nutrients.  Dialysis causes losses of certain nutrients 

throughout the process, further placing these patients at risk for nutritional deficiency.  

Another important point to note is that cardiovascular disease and oxidative stress are 

prevalent among this population, further exacerbating their nutritional status.   

Since renal patients are at increased risk for nutritional deficiencies, they may 

benefit from the use of dietary supplements.  Current standards do exist, but there is 

much controversy concerning the usage of vitamins and minerals to lower risk for 

nutritional deficiencies, oxidative stress, and incidence of cardiovascular disease 

among this population. 

Objective 
 

The purpose of this study was to examine the supplementation practices of 

dietitians working with CKD patients receiving hemodialysis.   
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Research Questions  

 
Question 1:  What are the perceptions that practitioners working in hemodialysis 

clinics have with regards to the ideal renal supplement for hemodialysis patients?   

Question 2: Are there differences in the perception of the ideal renal supplement for 

hemodialysis patients with respect to the respondents’ educational background, level 

of experience in renal care, or location of practice? 
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CHAPTER II 

REVIEW OF LITERATURE 
 

Pathophysiology of the Kidney 

The basic functional unit of the kidney is the nephron and each kidney is 

composed of at least a million of these units.  Included in each nephron are the 

following components: glomerulus, proximal convoluted tubule, loop of henle, distal 

tubule, and the collecting duct.  The glomerulus is also known as the filtering unit of 

the kidney where the filtration process begins as the blood enters the capillaries.  It is 

then converted to approximately 125 mL/min of filtrate.  Reabsorption of sodium, 

bicarbonate, glucose, water, calcium, phosphate, and other solutes occurs in the 

proximal convoluted tubule.  The waste is then taken to the loop of henle where urine 

is concentrated.  Water reabsorption occurs in the distal tubule and is regulated based 

on the body’s need as urine can be concentrated to conserve water.  Finally, the urine 

is taken to the collecting duct where potassium is also secreted (American Dietetic 

Association, 2004). 

Functions of the Kidneys 

The kidneys weigh only about 113 grams (g) each, but are vital to the 

maintenance of homeostasis within the body.  Processing about 200 liters of blood per 

day, the kidneys will produce approximately 1-2 liters of urine (St. Peter, 2007).  

According to Mahan and Escott-Stump (2000), the major function of the kidneys is “to 

maintain homeostatic balance with respect to fluids, electrolytes, and organic solutes.”  
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More specifically, the four main functions of the kidneys are: 1) excretory, 2) fluid 

and electrolyte balance, 3) acid-base balance, and 4) endocrine.   

Acting as a filter, the renal system removes waste products such as urea, excess 

amounts of vitamins, minerals, fluid, and some metabolites of drugs and poisons from 

the body.  Conversely, this vital organ system can also retain any of the 

aforementioned substances if blood levels become too low (American Dietetic 

Association, 2004).  For example, if the body’s sodium or fluid levels are low, then the 

kidneys will retain these and recirculate them throughout the body.   

The kidneys can change the solute load of urine based upon the body’s need 

for fluid as well.  Antidiuretic hormone (ADH) controls water excretion.  When the 

renal solute load produces a decrease in osmolality, ADH is inhibited.  On the other 

hand, if fluid is sparse, an increase of osmolality will occur and ADH production will 

also in turn increase leading to the retention of water (Mahan & Escott-Stump, 2000).  

Similarly, this is how the kidneys regulate the pH of the blood.  Bicarbonate carries 

hydrogen to the kidneys where it can be re-absorbed and then returned to the 

bloodstream (American Dietetic Association, 2004).   

With regards to the endocrine function of the kidneys, both erythropoietin 

(EPO) and calcitriol are produced by the renal system.  The production of calcitriol, 

the active form of vitamin D, is important as it regulates bone mineralization by 

allowing calcium to be adequately absorbed.   The renal system also produces EPO 

which promotes the proliferation of red blood cells in the bone marrow (Mahan & 

Escott-Stump, 2000).   
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Types of Kidney Disease 

Nephrotic syndrome is a form of kidney disease and is characterized by 

alterations in the glomerular filtration barrier.  As a result of this, larger particles are 

allowed through the barrier causing albuminuria, hypoalbuminemia, hypertension, 

edema, and hyperlipidemia.  Patients with nephrotic syndrome have an increased risk 

for developing hyperlipidemia and can also progress to CKD (American Dietetic 

Association, 2004).  Most of the cases of nephrotic syndrome are attributed to 

diabetes, lupus, and other diseases of the kidney.  On the other hand, nephritic 

syndrome is characterized by the inflammation of the capillary loops of the 

glomerulus.  Hematuria or blood in the urine is a primary symptom along with 

hypertension (Mahan & Escott-Stump, 2000).   

Acute renal failure (ARF) has a quick onset and is characterized by a rapid 

decline in kidney function in otherwise healthy kidneys.  Typically this form of kidney 

disease occurs as a result of an ischemic event, sepsis, multiorgan failure (MOF), 

acute glomerular nephritis, nephrotoxic injury, or obstructive uropathy.  Elderly 

patients are affected more often due to a normal rate of decreased renal function with 

age.  Nutritional intervention and dialysis can often reduce the workload of the 

kidneys, allowing them to heal and begin to function properly on their own (American 

Dietetic Association, 2004).   

CKD is a condition that is characterized by a progressive decrease in kidney 

function.  More specifically, the National Kidney Foundation defines CKD as “kidney 

damage or a glomerular filtration rate (GFR) of less than 60 mL per minute per 1.73 

m2 (body surface area) for three months or more.”  Some decline in renal function is a 
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normal part of the aging process; however other factors can expedite a decline in 

function.  The leading cause of kidney disease is uncontrolled diabetes as large 

amounts of blood glucose can damage the vessels in the kidneys that filter waste 

leading to glomerular damage.  Other factors that impact normal renal function are 

uncontrolled high blood pressure, congenital diseases, infections, drugs, and toxins 

(National Kidney Foundation, 2008).   

 Formal classification of CKD is based upon GFR and is broken down into five 

stages (Table 2.1).  The main treatment focus in stages one to four is slowing the 

progression of renal damage, which is primarily done through medical and nutritional 

management.  Eventually, those afflicted with CKD may advance to stage five where 

the kidneys are no longer able to process waste and function to sustain homeostasis 

(American Dietetic Association, 2004).  When the levels of circulating toxins reach 

the point beyond the excretory ability of the renal system, symptoms of uremia are 

present.  These symptoms include: loss of appetite, nausea, vomiting, altered taste 

perception, itching, and muscle cramps.  At this point, dialysis or a renal transplant are 

the only options for survival (Mahan & Escott-Stump, 2000). 
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Table 2.1 

Stages of Chronic Kidney Disease1 
 
Stage    Description   Glomerular Filtration Rate   

(mL/min/1.73m2) 
 
1   Normal or increased GFR   ≥90 
2   Mild decreased GFR    60-89 
3   Moderated decreased GFR   30-59 
4   Severe decreased GFR   15-29 
5   Kidney failure                 <15 or dialysis 
 
1American Dietetic Association, 2004 

 
Medical Nutritional Therapy 

According to the Guidelines for Nutrition Care of Renal Patients, the following 

are the main goals for medical nutrition therapy (Wiggins, 2002): 

 
1) Make appropriate food choices and take medications as prescribed; 

2) Maintain adequate protein intake; 

3) Maintain lab values within acceptable limits; 

4) If diabetic, maintain stable glucose levels through appropriate dietary 

practices; and 

5) If no medical limitations, maintenance of an exercise program.  

Those who suffer with deteriorating renal function will be prescribed a restrictive 

diet before beginning dialysis.  As the kidneys begin to fail, they will slowly become 

less efficient, leaving waste and fluid in the body.  The main objective during this 

period from a nutritional standpoint is to give the kidneys a reduced work load by 

restricting certain dietary components.  The concept of dietary management for renal 

patients was first recognized by Volhard, when he observed that a reduction in the 
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daily intake of protein resulted in less accumulation of waste products and 

improvement of symptoms (Saviaca et al., 2005).   

Protein 

Excess strain on the functioning nephrons can be considered an important factor in 

the progression of renal disease, therefore, the current recommended amount of 

protein for renal patients that have not begun dialysis (stages one to four)  is 0.6-0.75 

g/kg/d (grams/kilogram/day), which is lower than the amount recommended for 

healthy adults (0.8 g/kg/d).  Recommendations should be made to emphasize proteins 

that are of high biological value, which allows patients to get the most out of the 

restricted protein that they may consume (American Dietetic Association, 2004).   

 The recommended protein allowance for dialysis patients is 1.2 g/kg/d for 

hemodialysis patients.  Hemodialysis patients are allowed more protein due to the fact 

that they are receiving treatment for the accumulation of waste products.  Furthermore 

this greater protein intake allows for the losses of blood during the dialysis process.  

These protein recommendations for the dialysis patient are designed to replenish 

amino acid losses during the treatment.  Abnormalities in protein metabolism, 

inflammation, metabolic acidosis, altered albumin turnover, and infection can also 

lead to excess protein losses.  Again, patients should ensure that protein sources are of 

high biological value (American Dietetic Association, 2004).   

Caloric and Fat Recommendations 

With regards to caloric intake, patients in all stages of kidney failure are 

recommended to consume at least 35 kcal/kg/d if they are less than 60 years old and 

30-35 kcal/kg/d if they are 60 years or older.  Of course these recommendations are 
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exclusive of any other medical conditions that may further increase calorie needs such 

as cancer or acquired immunodeficiency syndrome (AIDS).  It is recommended that 

all renal patients limit their fat intake to 30-35% of their total caloric intake, with 

emphasis on limiting cholesterol, saturated and trans fat, and encouraging intake of 

monounsaturated and polyunsaturated fats due to the increased risk for the 

development of cardiovascular disease (CVD) in this population (American Dietetic 

Association, 2004).   

Fluid and Sodium 

 Fluid retention is often a problem with renal patients and excess amounts of 

sodium may exacerbate this issue.  Renal patients are recommended to restrict their 

sodium intake to 2,000 mg or less per day as sodium filtration will decrease as CKD 

progresses (American Dietetic Association, 2004).  

When considering fluid recommendations one needs to take into account that 

as CKD advances, patients may not be able to continue to have normal urine output.  

Using this as a guideline, it is safe to have unrestricted fluid intake as long as urine 

output remains normal.  In stage five, patients receiving hemodialysis should be 

consuming a maximum amount of 1,000 ml/d plus normal urine output.  Fluid 

accumulation is a common complication associated with CKD and therefore the intake 

and retention of fluid should be monitored.  Hemodialysis patients without urine 

output should gain no more than two pounds per day between treatments to avoid fluid 

overload.  Individualized sodium and fluid restrictions may also be necessary.  Weight 

gain, urine output, and blood pressure control will all influence the needs of fluid and 

sodium.  In general, if fluid output is greater than 1 liter per day mild restrictions will 
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be necessary, which include 2000-4000 mg sodium and 2 liters of fluid intake per day.  

On the other hand, if fluid output is less than 1 liter, the recommendation is 2000 mg 

sodium and 1-1.5 liter of fluid intake per day (American Dietetic Association, 2004).   

Potassium 

As kidney function declines, the gut responds by enhancing absorption of 

potassium in the large intestine.  Furthermore, if weight loss or infection are present, 

muscle break down will release additional potassium leading to increased serum 

levels.  As one of the functions of the kidneys is to excrete potassium, restricting 

dietary intake is necessary to prevent irregular heartbeat or death.  Potassium is found 

in many foods, especially fruits and vegetables, and is not usually found on the food 

label, so it is crucial that dialysis patients are provided with guidance on high 

potassium foods.  In general, the daily recommendation of 2.5 g of potassium is in 

place for most hemodialysis patients.  A more restricted allowance may be necessary 

if the patient is taking beta blockers or aldosterone antagonists, in a catabolic state, 

metabolic acidosis, or has insulin deficiency.  Foods with high potassium content 

include: bananas, oranges, raisins, brussels sprouts, raw carrots, tomatoes, lentils, 

legumes, vegetable juices, kiwi, papaya, and grapefruit (National Kidney Foundation, 

2009). 

Phosphorus 

Hyperphosphatemia will also occur as the GFR decreases.  Protein intake is 

encouraged which may contribute to high phosphorus levels as well.  To correct this, 

hemodialysis patients are recommended to restrict dietary phosphorus and use 

phosphate binders to bind excess phosphorus which allows for fecal excretion.   
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According to the National Kidney Foundation (2009), some high phosphorus-

containing foods include: whole grains, nuts, dried beans, dairy products, dark colas, 

and organ meats.  Table 2.2 summarizes the recommendations for various nutrients 

according to the stages of CKD in non-dialyzed patients. 

Table 2.2 
Nutrient Recommendations According to Stages of Chronic Kidney Disease1 
 
Stage   Protein        Sodium       Potassium  Phosphorus    Calcium   Vitamins 
           (g/kg/d)         (g/d)             (g/d)           (g/d)               (g/d) 
   
1          0.75         Varies from      Usually     Restrict if         1.2-1.5         DRI 
                             1-4 to no          no             serum levels 
       added salt        restriction  > 4.6    
 
2 Same as   Same as            Same as       Same as         Same as       DRI 
            Stage 1      Stage 1            Stage 1         Stage 1           Stage 1  
  
3 Same as   Same as            Same as       0.8-1.0     Same as         Individualize 

Stage 1      Stage 1            Stage 1                          Stage 1         Vitamin D, zinc,               
                                                                                                     and iron           

    
4 0.60    Same as            Same as            Same as       Same as         Same as                                                    
                           Stage 1      Stage 1            Stage 3        Stage 1           Stage 3  
                                                                                      not to 
                              exceed  
        2 g/d 
 
5      0.60-0.75     Same as            Same as            Same as          Same as        Same as                                   
                            Stage 1      Stage 1              Stage 3           Stage 4         Stage 3  
   
 
1American Dietetic Association, 2004 
 

Hemodialysis 

Once the blood levels of wastes and electrolytes have become higher than 

normal and/or the GFR has reached <15 GFR (mL/min/1.73m2), dialysis is 
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recommended (American Dietetic Association, 2004).  Hemodialysis is the more 

common of the two forms of dialysis and was the focus of this study.  

Nutrient recommendations for hemodialysis patients will vary slightly 

compared to those for non-dialyzed patients in stages one to four (Tables 2.2 & 2.3).  

Malnutrition is a major concern in hemodialysis patients mainly due to suboptimal 

intake and loss of appetite.  Presence of other co-morbid conditions such as diabetes, 

high blood pressure, or cancer may further exacerbate nutritional risk.  Oxidative 

stress, cardiovascular disease, and altered metabolism of many nutrients may be 

present.   
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Table 2.3 
Daily Recommended Nutrient Intakes for Adults on Hemodialysis1 
 
Nutrient    Daily Recommendation  
 
Protein               1.2 g/kg average body weight 
Energy 
 Adults < 60 y             35 kcal/kg 
 Adults >60 y or obese            30-35 kcal/kg 
Sodium and Fluid    
 ≥ 1 L fluid output            2-4 g Na and 2 L fluid 
 ≤ 1 L fluid output            2 g Na and 1-1.5 L fluid 
 Anuria              2 g Na and 1 L fluid 
Potassium              40 mg/kg IBW or SBW 
Phosphorus              800-1000 mg or < 17 mg/kg IBW or SBW 
Calcium              Individualized 
Magnesium              0.2-0.3 g 
Iron                          Individualized 
Zinc               8-11 mg 
Vitamin A                                          700-900 µg 
Vitamin D              5-15 µg 
Vitamin E                                          15 mg 
Vitamin K             90-120 mg 
Thiamin                        1.1-1.2 mg 
Riboflavin                        1.1-1.3 mg 
Biotin              Unknown 
Pantothenic acid            Unknown 
Niacin                         Unknown  
Folic acid             800-1000 µg 
Vitamin B-6             1.3-1.7 mg 
Vitamin B-12                                    2.4 µg 
Vitamin C             75-90 mg 
 
1American Dietetic Association, 2004 
 

Due to the usual loss of appetite, decreased dietary intake, and losses during 

hemodialysis it can often be difficult for patients to meet the various nutrient 

recommendations.  As a result, nutrient supplements are often recommended.  Many 

specialized formulations for renal patients are on the market.  Supplements designed 

for the general population are not formulated to meet the specialized nutrient needs of 
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this population.  Non-renal supplements do not contain adequate levels of water-

soluble vitamins and contain some components, such as vitamin A that may not be 

necessary for renal patients.  The specific nutrient content of some of the various 

formulations available for the renal patient are found in Table 2.4. 
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Table 2.4 
Formulations of Renal Supplements1 
 
Nutrient  Dialyvite Dialyvite Dialyvite Diax           Diatx 
     with Zinc 3000             Zinc 
   
Vitamin C   100  100  100  60  60 
(mg) 
 
Thiamin   1.5  1.5  1.5  1.5  1.5 
(mg) 
 
Riboflavin  1.7  1.7  1.7  1.5  1.5 
(mg) 
 
Vitamin  B-6  10  10  25  50  50 
(mg) 
 
Vitamin B-12  6  6  1000  1000            2000 
(µg) 
 
Niacin    20  20  20  20  20 
(mg) 
 
Biotin   300  300  300  300  300 
(µg) 
 
Pantothenic acid 10  10  10  10  10 
(mg) 
 
Folic acid  1  1  3  5  5 
(mg) 
 
Vitamin E   0  0  30  0  0 
(IU)2 

 
Zinc    0  50  15  0  25 
(mg) 
 
Selenium   0  0  70  0  0 
(µg)   
 
1American Dietetic Association, 2004 
2 International Units 
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Table 2.4 Continued 

Formulations of Renal Supplements1 
 
Nutrient    Nephrocaps         Nephron        Nephrovite      Nephrovite  NephPlex 
            FA          RX               RX 
         
Vitamin C   100  40  60  60  60 
(mg) 
 
Thiamin   1.5  1.5  1.5  1.5  1.5 
(mg) 
 
Riboflavin  1.7  1.7  1.7  1.7  1.7 
(mg) 
 
Vitamin  B-6  10  10  10  10  10 
(mg) 
 
Vitamin B-12  6  6  6  6            6 
(µg) 
 
Niacin    20  20  20  20  20 
(mg) 
 
Biotin   150  300  300  300  300 
(µg) 
 
Pantothenic acid 5  10  10  10  10 
(mg) 
 
Folic acid  1  1  0.8  1  1 
(mg) 
 
Vitamin E   0  0  0  0  0 
(IU)2 

 
Zinc    0  0  0  0  0 
(mg) 
 
Selenium   0  0  0  0  0 
(µg)   
 
1American Dietetic Association, 2004 
2 International Units 
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Table 2.4 Continued 

Formulations of Renal Supplements1 
 
Nutrient PS Nephro Aid       Renaplex        Renax       
             
         
Vitamin C   60  60  50 
(mg) 
 
Thiamin   1.5  1.5  3.0 
(mg) 
 
Riboflavin  1.5  1.7  2.0 
(mg) 
 
Vitamin  B-6  20  10  16   
 (mg) 
 
Vitamin B-12  1000  6  12   
 (µg) 
 
Niacin    20  20  20   
 (mg) 
 
Biotin   300  300  300   
(µg) 
 
Pantothenic acid 10  10  10   
(mg) 
 
Folic acid  0.95  0.8  2.5   
 (mg) 
 
Vitamin E   100  0  35   
(IU)2 

 
Zinc    0  12.5  20   
(mg) 
 
Selenium   0  0  70   
 (µg)   
 
1American Dietetic Association, 2004 
2 International Units 
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Chronic Kidney Disease and Anemia 

Another common condition that accompanies CKD, is normocytic anemia.  

More specifically, hypoproliferative anemia, where the number of red blood cells 

produced is decreased.  This form of anemia results from the insufficient production of 

erythropoietin (EPO).  Erythropoietin is a hormone produced in the tubular cells of the 

kidney that regulates the division and differentiation of cells in the bone marrow 

(American Dietetic Association, 2004).  When these cells begin to falter the 

production of erythropoietin decreases resulting in anemia which may leave patients 

with fatigue, decreased cognition, and decreased immunity (Snively & Gutierrez, 

2004).  To correct this normocytic anemia, EPO and iron infusion treatments are 

common.  Treatments such as these have been shown to decrease mortality and 

increase the quality of life for renal failure patients (American Dietetic Association, 

2004). 

Chronic Kidney Disease and Renal Osteodystrophy 

According to the Clinical Guide to Nutrition Care in Kidney Disease 

(American Dietetic Association, 2004), renal osteodystrophy is “a generic term used to 

describe the wide spectrum of skeletal lesions that are associated with renal failure.” 

The kidneys are responsible for maintaining the body’s balance of calcium, 

phosphorus, and magnesium.  Also, they produce the active form of vitamin D or 

calcitriol, which enhances gut absorption of calcium and regulates parathyroid 

hormone (PTH) activity.  When the kidneys begin to fail, especially reaching stage 

three and beyond, the production of calcitriol decreases dramatically.  As serum 

calcium levels decrease, PTH promotes a release of minerals from the bones, resulting 
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in weakened bones and hyperphosphatemia.  The bone mineral density of 

hemodialysis patients has been found to be lower than that of healthy individuals.   

Renal patients are typically supplemented with calcitriol, the active form of 

vitamin D, to treat this condition.  Calcitriol therapy has been shown to suppress PTH 

and improve bone mineral density in renal failure patients.  However, it also stimulates 

the absorption of calcium and phosphorus which can lead to hypercalcemia and 

hyperphosphatemia.  Vitamin D analogs have also been developed to suppress PTH 

activity while contributing less calcemic activity.  (American Dietetic Association, 

2004). 

Typically, dietary phosphorus is restricted in hemodialysis patients.  

Approximately 2,400 mg of phosphorus is removed weekly by hemodialysis, thus the 

recommended intake for CKD stages three to five is 800-1000 mg/d.  One treatment 

that is commonly used to combat high phosphorus levels is the usage of phosphate 

binders.  Phosphate binders are typically taken with meals and bind the phosphate 

making it unavailable for absorption by the gut.   

Inflammation and Cardiovascular Disease 

The inflammatory response is designed to help the body fend off pathological 

insults under acute times of stress.  Conversely, when the state of inflammation 

persists, individuals are at an increased risk for CVD development as some 

inflammatory markers can lead to endothelial injury and increase plaque adhesion.  

Serum levels of certain inflammatory markers such as C-reactive protein (CRP), 

interleukin (IL)-6, and tumor necrosis factor (TNF) to name a few, have been found to 

be increased in renal failure patients.  Some feel that this state of inflammation may be 
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due to a decreased GFR, leading to an impaired clearance of certain substances.  Also, 

fluid overload may lead to an accumulation of toxins, making them more susceptible 

to oxidation.  The hemodialysis procedure itself along with a prescribed diet that is 

typically low in antioxidants also contributes to oxidative stress and inflammation 

within this population (Kalantar et al., 2003).  

According to Kalantar et al. (2003), “renal failure has been established as an 

independent risk factor for cardiovascular disease (CVD).”  Cardiovascular mortality 

is 10 to 20 times higher in dialysis patients than in the normal population.  Kaysen & 

Eiserich (2003) noted that “the leading cause of death in dialysis patients is 

cardiovascular disease, and inflammation is intimately associated with vascular 

injury.”  Some common treatments that are currently used to lower the risk for the 

development of CVD include diet therapy and modification of certain risk factors such 

as diabetes, smoking, weight, and blood pressure (American Dietetic Association, 

2004).   

Further placing those with renal failure at risk, the altered metabolism of 

calcium and phosphorus may play a role in the development of cardiovascular disease 

in CKD.  “Vascular calcification is now known to be a major risk factor for 

cardiovascular events and may be present in as many as 90% of stage five renal failure 

patients with coronary artery disease.” (American Dietetic Association, 2004).  

Calcium deposits can lead to damage in the heart which can result in stenosis, 

ischemia, congestive heart failure, and death.  Furthermore, metabolic bone disease 

that leads to abnormally high levels of phosphorus and calcium as a result of 
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secondary hyperparathyroidism has also been shown to cause calcification of coronary 

vessels in patients with renal disease (American Dietetic Association, 2004). 

Another risk factor for cardiovascular disease is increased levels of 

homocysteine.  Current evidence has shown that an association exists between 

increased levels of homocysteine (hyperhomocysteinemia) and an increase in risk for 

CVD development.  

 Homocysteine is an amino acid that is formed during the metabolism of 

methionine (Figure 2.1).  In order for this to occur, vitamins B-12, B-6, and folate 

must be present (Wiggins, 2004).  These B-vitamins are recommended in treating 

abnormally elevated levels or hyperhomocysteinemia.  The prevalence of 

hyperhomocysteinemia in the general population is unknown at this point in time, 

however it is estimated that this phenomenon occurs in almost 100% of renal failure 

patients.  Serum levels are three to four times greater in renal failure patients when 

compared to the general population (Suliman et al., 2003).  Research also indicates 

that the levels of homocysteine continue to increase as renal function declines.   

 



Texas Tech University, Jennifer Laura Sides, August 2009 

24 

 
Figure 2.1:  Mechanism of Hyperhomocysteinemia1 
1 University of Illinois 2008 
 

 The current treatment that is recommended for hyperhomocysteinemia in the 

general population is supplementation with vitamins B-12, B-6, and folic acid as they 

are cofactors in the metabolism of this amino acid.  At this point in time, there are no 

specific guidelines available on the dosage recommendation for the general 

population.  Furthermore, there is not a consensus whether each supplement should be 

used alone or in combination with each other to produce the best homocysteine 

lowering effect (Chan & Fonseca, 2003).   

Vitamins B-12, B-6, and Folic Acid 

Specific combinations of vitamins B-12, B-6, and folic acid, along with 

evidenced-based dosages, for renal failure patients, to lower homocysteine have not 

yet been determined.  The standard care for hemodialysis patients in the United States 

is a daily supplement which contains 0.8-1.0 mg of folic acid per day, 10 mg vitamin 

B-6 per day, and 6 µg of vitamin B-12 per day (Friedman, 2002).   However, the 

National Kidney Foundation Task Force recommends 5 mg/d of folic acid, 50 mg/d of 
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vitamin B-6, and 400 µg/d of vitamin B-12 for renal failure patients to reduce the risk 

of CVD development (American Dietetic Association, 2004).   

Patients with renal failure are quite complex and researchers hypothesize that 

the markedly strong prevalence of hyperhomocysteinemia within this specific group 

may be due to the accumulation of uremic substances which in turn may interfere with 

the metabolism of homocysteine (Friedman, 2002).  Others have proposed that the 

decline in functioning renal mass inhibits the metabolism of homocysteine (Hoffer et 

al., 2006).  Failure to excrete homocysteine is another one of the proposed reasons, 

although renal excretion of homocysteine is very small even in those with healthy 

kidneys (Suliman et al., 2003).  One important factor to note is that homocysteine 

levels rarely normalize in dialysis patients even with B-vitamin therapy.  Furthermore 

research has indicated that as renal failure progresses, it becomes harder to normalize 

serum homocysteine levels (Austen et al., 2003). 

Folic Acid  

 Folate is naturally abundant in many food sources including green vegetables, 

mushrooms, legumes, and liver.  Flours, grains, and cereals in the United States are 

also fortified with folic acid as of 1998 and constitute sources as well.  Most of the 

dietary sources mentioned continue to be consumed as part of the renal diet.  

According to Kalantar-Zadeh et al. (2002), no significant difference was observed 

with regards to folate intake between maintenance hemodialysis patients (MHD) and 

control subjects when dietary intake was evaluated using a food frequency 

questionnaire.   
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Dietary intakes of folate are often normal in dialysis patients; however folate is 

cleared or lost through the dialysis process, which may lead to a secondary deficiency 

(Wiggins, 2004).    The recommended dietary allowance (RDA) for healthy adults is 

0.4 mg per day, while the current recommendations for both pre-dialysis patients and 

those receiving hemodialysis is 0.8-1.0 mg/day due to losses during dialysis (Feiertag, 

2006).   

The need for folic acid supplementation in renal patients to lower 

homocysteine has been investigated and is considered controversial.  Within the 

general population, folic acid supplementation seems to be the most effective 

treatment with regards to lowering homocsyteine levels.   A meta-analysis conducted 

in 1998 revealed that supplementation with 0.5 mg of folic acid per day decreased 

total serum homocysteine levels by approximately 25% in hemodialysis patients.  

Larger doses of up to 5 mg/d did not show any additional effects on homocysteine 

levels (Austen et al., 2003).   

Conversely, one study found a reduction of 40% in plasma total homocysteine 

in pre-dialysis patients with supplementation of 5 mg of folic acid per day for one year 

(Jungers et al., 1999).  Chiarello et al. (2003) observed similar results with 

hemodialysis patients receiving 2.5 mg of folic acid after each dialysis session, which 

reduced homocysteine concentrations by 50%.  One must also note that researchers 

indicated that larger doses of 15 mg did not produce further reductions supporting the 

usage of “moderate” dosages (Chiarello et al., 2003).  Another randomized study 

showed similar conclusions as researchers found that even massive doses of folic acid 
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(up to 60 mg per day) had a negligible effect on homocysteine levels (Friedman, 

2002).   

Stanford et al. (2000) concluded that supplementation with high doses of folic 

acid significantly reduced plasma homocysteine in renal patients and that doses of >5 

mg may be necessary.  This conclusion is not supported by the research as most 

studies observed that larger doses of folic acid do not show further reductions in 

homocysteine.  Furthermore, the researchers did not use folic acid alone in this study.  

Subjects were also given multivitamins which contained 2.0 mg of vitamin B-6 and 6 

mg of vitamin B-12, which may support the usage of a combination of B vitamins 

versus folic acid alone.   Most of the studies using folic acid have shown some 

significant initial reductions in plasma homocysteine concentrations; however, levels 

rarely normalize in renal failure and hemodialysis patients.   

B-12 

 Animal products are good sources of B-12, which may pose a problem for 

those following the renal diet as many protein sources are commonly restricted due to 

their phosphorus content.  Also, many of these patients may not consume adequate 

amounts of B-12 as meat products can be costly.  However, with respect to vitamin B-

12, Wiggins (2004) noted that many studies have reported that those suffering from 

CKD often have normal to high plasma levels.  Losses through dialysis are not great, 

but deficiency can also come about as a result of a decreased or lack of production of 

intrinsic factor, which is common among dialysis patients.   

Obeid et al. (2004) found that the uptake of vitamin B-12 by mononuclear cells 

was approximately 18% lower in hemodialysis patients when compared to the healthy 
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control subjects.  To contend with the aforementioned issues, recent research has 

focused on using parenteral vitamin B-12 therapy along with oral B-vitamin therapy 

(folic acid, B-6, and B-12 combination) to lower homocysteine levels.  Hoffer et al. 

(2006) noted that the use of parenteral vitamin B-12 therapy resulted in plasma 

homocysteine reductions of up to 50%.  Clearly more research is needed to ascertain 

whether parenteral B-12 therapy along with conventional oral doses, can more 

effectively lower homocysteine levels in dialysis patients.   The recommended amount 

for both healthy adults and hemodialysis patients is currently 2.4 µg per day, the 

amount being similar due to generally normal levels amongst renal patients.   

B-Vitamin Combination Therapy 

 Much of the current literature also concentrates on the usage of a combination 

of B vitamins to treat hyperhomocysteinemia, namely vitamins B-12, B-6, and folic 

acid.  Research has not concluded the specific dosages of these vitamins that are 

needed to produce a decrease in homocysteine levels in dialysis patients and the 

amounts used vary from study to study.  One study used two supplement treatments 

and a placebo to determine impact on homocysteine levels.  Treatment one contained 

800 µg of folic acid, 6 µg of vitamin B-12, and 10 mg of vitamin B-6, while the other 

treatment consisted of 160 µg of folic acid, no vitamin B-12, and 10 mg vitamin B-6.  

The first treatment which contained vitamins B-12, B-6 , and folic acid reduced 

homocysteine by 50% in hemodialysis patients while the second treatment without 

vitamin B-12 showed no change when compared to the placebo (Dierkes et al., 2001).   

On the other hand, another study comparing higher doses of these B vitamins 

(15 mg/d folic acid, 100 mg/d B-6, and 1 mg/d B-12) versus standard renal 
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supplementation (0.8-1.0 mg/d folic acid, 10 mg B-6, and 12 µg B-12) found a 

significant decrease in homocysteine by 33% within the higher dosage group, but it is 

important to note that no further reductions were observed and only one patient’s 

homocysteine normalized (Friedman, 2002).  This is a familiar trend in the current 

literature.  Homocysteine levels rarely normalize in renal patients and 

“pharmacological” doses only work to a certain extent.  In particular, one study noted 

that doses of up to 60 mg/d of folic acid had a negligible effect on homocysteine levels 

in hemodialysis patients (Friedman, 2002).  When the doses continue to increase, the 

levels of homocysteine do not necessarily continue to decrease.  One would expect to 

see an inverse relationship between the dosage of these B vitamins and the levels of 

homocysteine, but this is not always the case.   

In general, dialysis patients are at an increased risk of B vitamin losses due to 

malnutrition and losses during the dialysis treatments.  Renal supplements contain B 

vitamins for this very reason.  For safety reasons many question their use at higher 

doses to reduce the risk for cardiovascular mortality by way of lowering 

homocysteine.  The current literature does suggest that higher doses (> 5 mg) of folic 

acid reduce homocysteine to some extent. Whether this is done more effectively when 

folic acid is partnered with vitamins B-12 and B-6, is still unknown.  Also, the exact 

dosages that are needed to create the reduction in homocysteine are also still a 

mystery.  Most of the renal patients in these studies will experience some reduction in 

homocysteine varying from 30-50%, but no further decrease is usually observed past a 

certain point.  Some of the problems with the current studies include small sample 

sizes, varying dosages of the supplements from study to study, and the fact that many 
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researchers allow already deficient subjects into the studies which may falsely alter the 

outcomes.  

 More research needs to be done to determine optimal doses for renal patients.  

At this point in time, the literature continues to  recommend that modest amounts of 

folic acid, B-12, and B-6 should be used to lower homocysteine in dialysis patients as 

“pharmacological” doses have not consistently produced a greater effect.  These 

modest amounts are consistent with the standard recommendations for the general 

population and those recommended by the National Kidney Foundation task force on 

CVD. 

Polyphenols 

 Polyphenols are chemical substances found in certain foods such as berries, 

tea, grapes, wine, walnuts, peanuts, fruits, and vegetables.  Epidemiological research 

has indicated that polyphenols have various health benefits and may reduce risk for 

cardiovascular disease and cancer (Espin et al, 2007).  According to King & Young 

(1999), “more than 4,000 phenolic phytochemcials have been identified.”  However, at 

this point there is not enough solid evidence or outcomes to formulate 

recommendations for either the general population or disease-specific groups.  

Although no set dietary recommendations currently exist, the evidence is 

pointing to a relationship between polyphenols and a reduction in cardiovascular 

disease.  Most of the studies that have been conducted are in vitro or in animal models, 

but epidemiological studies do support the protective effect of polyphenols against the 

development of cardiovascular disease.  Of all of the polyphenols, it is difficult to 
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determine which has the greatest effect as they are found in a wide variety of foods 

and their bioavailability and biological activities differ (Scalbert et al., 2005).   

 As was stated prior, there is no current recommended intake of polyphenols for 

either the general population or disease specific groups.  Use among CKD patients is 

not prevalent and few studies have been conducted in this group.  When studying the 

effects of polyphenols on hemodialysis patients, most researchers use concentrated red 

grape juice as the source of polyphenols.  Castilla et al. (2006) found that 

supplementing hemodialysis patients with 100 mL of concentrated red grape juice 

daily improved the lipoprotein profile and reduced plasma concentrations of 

inflammatory markers, which may lead to a reduction in cardiovascular disease.  In 

another study also conducted by Castilla et al. (2008), the researchers came to similar 

conclusions.  This study also used 100 mL of concentrated red grape juice, but 

compared its effects to that of supplementation with vitamin E.  Inflammatory markers 

were reduced and they concluded that concentrated red grape juice showed a greater 

reduction in these markers than vitamin E supplementation.   

 The evidence from these two studies does support the use of polyphenols in 

hemodialysis patients where cardiovascular disease is prevalent.  Furthermore, no side 

effects were observed with its usage.  However, few studies exist to support the 

conclusions of Castilla et al. (2006, 2008).  These two studies were conducted using a 

very small group of subjects and the duration of the treatment was less than a month.  

As vascular disease is highly prevalent within this population, more research is 

definitely needed to explore the potential benefit of supplementing CKD patients with 

polyphenols.      
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Vitamin E 

 One of the primary functions of vitamin E is to maintain structural integrity of 

the cell membrane and it also protects cell membranes from being destroyed via 

oxidation.  Excessive oxidation can cause damage that may lead to certain cancers and 

cardiovascular disease.  Vitamin E is abundant in many foods (oils, whole grains, 

leafy vegetables, egg yolks, nuts, and seeds) and deficiency among the general 

population is rare.  The RDA for adults is 8 mg per day for females and 10 mg per day 

for males, while the recommendation for hemodialysis patients is 15 mg per day.   

Supplementation of vitamin E may be beneficial for renal patients as research 

indicates that increased levels of inflammatory markers and oxidative stress are 

typically noted within this population.  Observational studies have led researchers to 

conclude that vitamin E supplementation may help prevent or delay the development 

of cardiovascular disease.  Most renal supplements do not contain any vitamin E and 

recommendations regarding their usage in renal patients are controversial. The 

majority of the studies conducted reported that vitamin E supplementation lowered 

inflammatory markers in hemodialysis patients, but the dosages and length of 

supplementation needed to produce an effect varied from project to project (American 

Dietetic Association, 2004).   

 Some other studies have been specific as to the particular type of vitamin E 

used that was either alpha or gamma-tocopherol.  Findings suggest that doses of alpha-

tocopherol alone are not successful in reducing inflammatory markers or oxidative 
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stress, thus more studies are needed to conclude whether gamma-tocopherol or a 

combination of the two would be more effective (Devaraj & Jialal, 2005).  Devaraj & 

Jialal (2005) found that alpha-tocopherol did not yield positive results with regards to 

the reduction of inflammatory markers.  They also found that supplementing renal 

patients with alpha-tocopherol alone led to a decrease in gamma-tocopherol levels.  

Gamma-tocopherol has been found to act as a potent anti-inflammatory agent.   

Therefore, more research is needed to conclude whether supplementation of 

vitamin E should be readily prescribed within this population.  Most of the studies that 

have been published had very small sample sizes and utilized short-term 

supplementation periods.  Furthermore, doses given to subjects were not consistent 

among the different studies (varied from 300-800 mg) so currently an optimal 

recommended dose to reduce cardiovascular disease risk does not exist.   

Omega-3 Fatty Acids 

In 2004, the Food and Drug Administration stated that omega-3 fatty acids 

may reduce the risk of cardiovascular disease.  This class of fatty acids has been 

shown to reduce blood pressure, blood clotting, serum triglycerides, and risk of heart 

attack.  The recommended intake for omega-3 fatty acids is 1.6 g per day for men and 

1.1 g per day for women.  The most common dietary sources of omega-3 fatty acids 

are coldwater fish such as salmon, sardines, herring, and mackerel.  Flaxseed and nuts 

are also common sources of omega-3 fatty acids, but most consume these fatty acids in 

the form of fish oil supplements.  

 Fish oils are good sources of the omega-3-fatty acids eicosapentaenoic acid 

(EPA) and docosahexaenoic acid (DHA).  Currently, the American Heart Association 
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recommends an intake of 1g of fish oil daily especially for those with hypertension, to 

prevent cardiovascular disease, and hypertriglyceridemia.  Heart disease, 

hypertension, and inflammation are prevalent in those with CKD.  In fact, 

cardiovascular mortality is 10-20 times higher in dialysis patients than it is in the 

normal population.  Even though there is much evidence to support the usage of 

omega-3 fatty acids for cardiovascular disease prevention, it is not readily 

recommended for those with CKD at this point in time (American Heart Association, 

2008).   

 A study which reviewed the dietary intake of patients receiving long-term 

hemodialysis found that 67% of patients did not meet the American Heart Association 

recommendation for fish consumption.  Several studies have also reported low plasma 

levels of omega-3 fatty acids in hemodialysis patients; however, the majority of these 

studies consisted of very small sample sizes and many have missing data (Friedman 

and Moe, 2006).  When considering the intake of fish among dialysis patients it is also 

important to note that Vergili-Nelsen (2003) found that fish eaters were half as likely 

to die as non-fish eaters.  Fish intake is typically lower in hemodialysis patients due to 

altered taste and financial constraints (Friedman & Moe, 2006).   The overall 

conclusion from the research is that those with CKD, especially those receiving 

hemodialysis treatments, do not consume enough omega-3 fatty acids to be beneficial.   

As the prevalence of heart disease is 10 to 20 times higher in this population, 

many studies support the usage of fish oil supplementation in these patients to slow 

the development of atherosclerosis by decreasing lipids and inflammatory markers 

(Perunicic-Pekovic et al., 2007).  Renal failure patients will often have increased 
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levels of pro-inflammatory markers and supplementation with fish oil may decrease 

these levels, change the fatty acid profile, and improve hematocrit levels (Peck, 1997).   

In general, evidence dictates that more research needs to be done with regards 

to omega-3 fatty acid supplementation in renal patients, but generally one to three 

grams per day has the potential to benefit this population. Doses of up to 10 grams per 

day have been tolerated with few side effects, but for those who cannot tolerate fish oil 

supplements, an increased intake of oily fish is recommended (Vergili-Nelsen, 2003). 

Small subject groups and few clinical trials support the need for more research in this 

area due to the potential benefits that omega-3 supplementation could bring to those 

with renal disease.   

Vitamin C 

 Vitamin C has several complex functional roles within the body which include 

collagen synthesis, carnitine synthesis, tyrosine synthesis and catabolism, and 

antioxidant activity.  National Health and Nutrition Examination Survey (NHANES) 

data also indicates that “vitamin C intake appears to have a protective effect on 

pulmonary function as well as cardiovascular disease mortality” (Groff & Gropper 

2000).  Furthermore, decreased levels of vitamin C have been associated with 

increased levels of cholesterol.  Higher levels of vitamin C have also been associated 

with lower blood pressure and higher levels of high density lipoproteins, which are 

both cardio protective.  Oxidation of low-density lipoproteins also occurs more 

frequently when vitamin C status is impaired.  

The recommended dietary allowance (RDA) for vitamin C ranges from 70-90 

mg per day for healthy adults.  On the other hand, it is recommended that 
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hemodialysis patients consume 60-100 mg per day (Wiggins, 2004).  Hemodialysis 

patients are at increased risk for low serum levels of vitamin C for two main reasons.  

First of all, good sources of vitamin C include most fruits and vegetables, which are 

typically restricted in renal diets due to high potassium content.  Secondly, vitamin C 

is lost during dialysis. When evaluating the dietary intake of hemodialysis patients, 

research has concluded that significant differences exist between maintenance 

hemodialysis patients (MHD) and control subjects with respect to vitamin C status, 

most likely due to severe dietary restrictions.  Low plasma levels of vitamin C have 

been found to predict adverse cardiovascular outcomes among hemodialysis patients 

and more research is needed to investigate the potential protective effects of the 

supplementation with the vitamin (Deicher et al., 2005).   

With regards to supplementation, the general consensus for hemodialysis 

patients is 60-100 mg per day, but studies have used amounts that varied from 55-1000 

mg per day.  One study in particular found that hemodialysis patients were still 

deficient with the 60-100 mg recommended amount of vitamin C, which appears to 

suggest that this amount should be increased.  However, massive doses of vitamin C 

are not frequently given in those suffering from renal disease as these doses can be 

metabolized into oxalate, which may result in the oxalate deposition in many tissues.  

Much debate exists in the current literature with regards to a recommendation 

for vitamin C in the hemodialysis population.  Many researchers feel that 60-100 mg 

per day is not sufficient to replace losses during hemodialysis or to supplement poor 

dietary intake resulting from dietary restrictions.  Handelman (2007a) indicated that 

plasma vitamin C levels are frequently < 10 µM in the hemodialysis population which 
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is equivalent to deficiency levels in the non-dialysis population.  Furthermore, 

according to epidemiological data, decreased plasma levels have been associated with 

increased mortality.  Vitamin C levels are not routinely monitored in the hemodialysis 

population (Handelman, 2007a & b).  In support of information proposed by 

Handelman, Wang et al. (1999) observed that the majority of patients undergoing 

chronic dialysis had pre-dialysis plasma levels of vitamin C that were below the 

normal range. They also found that levels dropped even more after each hemodialysis 

session.  Supplementation with 200 mg of vitamin C per day led to increased plasma 

levels (Wang et al., 1999).   

Strong evidence exists that an increase in oxidative stress occurs during 

hemodialysis, which further supports the potential usage of antioxidants.  Most 

research does support the conclusion that plasma vitamin C levels are decreased 

during hemodialysis sessions, but much debate is still present regarding plasma 

concentrations of vitamin C.  In support the fact that vitamin C may protect against 

oxidative damage, Candan et al. (2002) found that supplementation with 250 mg of 

vitamin C and 20 mg of zinc daily for three months resulted in improved osmotic 

fragility and decreased lipid peroxidation.  On the other hand, Fumeron et al. (2005) 

found confounding results when using 250 mg of vitamin C for 2 months.  The authors 

concluded that this short-term supplementation did not modify stress and 

inflammatory markers.  Other research has shown that vitamin C may have a pro-

oxidant effect in the presence of iron.  De Vriese et al. (2008), concluded that 

hemodialysis patients with increased levels of serum ferritin had increases in lipid 

peroxidation in the presence of oral vitamin C supplementation.  Chen et al. (2003) 
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reported similar results, showing that lower doses of vitamin C should be used in iron 

overloaded patients to prevent pro-oxidation.   

Some researchers feel that the current recommendation for vitamin C per day 

is inadequate, but clearly more studies need to be conducted to determine an optimal 

level of supplementation (Hegbrant & Bengtsson, 1999).  Much of this controversy is 

due to the methodological differences.  Many of the studies used very small sample 

sizes and did not match age or gender match when comparing control to experimental 

groups.  Also, the supplementation period was generally only a few weeks and the 

amounts given varied from study to study. 

Zinc 

 Zinc is required as a cofactor by enzymes from every class and also is vital to 

tissue and cell growth.  Other functions of zinc include cell replication, immunity, 

bone formation, and skin integrity.  Zinc is found in a wide variety of foods including 

red meats, poultry, seafood, dairy products, whole grains, and some vegetables.  

Approximately 40-70% of zinc intake in the United States comes from animal 

products.  As zinc passes through the body, it is filtered by the renal tubules and 

reabsorbed.  CKD can alter this process, leaving those with renal failure deficient in 

zinc.  The average American adult will consume approximately 6 to 15 mg of zinc per 

day, while the intake of hemodialysis patients and those with CKD is typically lower 

due to nausea, vomiting, and anorexia.  When levels of zinc are low in the body, 

impaired protein synthesis, altered sense of taste, and impaired immune function are 

observed (Groff & Gropper, 2000).   
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The Recommended Dietary Allowance (RDA) for zinc for healthy adults is 8 

mg for females and 11 mg for males. Although zinc metabolism does seem to be 

altered among patients with CKD, current research does not indicate an increased 

intake above the RDA.  Patients who consume between 8-11 mg of zinc per day from 

their diet do not appear to need additional supplementation.  However, if deficiency 

symptoms begin to appear, 50 mg per day of elemental zinc is the common dose, 

although current literature has not determined an optimal dosage (American Dietetic 

Association, 2004).   

Serum zinc levels are often low in CKD patients, but plasma zinc levels may 

vary due to the stress of CKD.  Hemodialysis patients will often have a higher fecal 

zinc excretion, however red blood cell levels of zinc are often normal or elevated even 

when plasma levels are low.  For these reasons, it remains to be determined if zinc 

supplementation is necessary in CKD patients.  Typically, many of these patients have 

low protein intakes and also suffer from nausea, vomiting, malabsorption, anorexia, 

and take many medications that alter zinc absorption and metabolism putting them at 

an increased risk for impaired zinc status.  Chevalier et al. (2002) found initial 

concentrations of serum zinc to be below the normal range of 12 µmol/L in the 

hemodialysis subject group.  Supporting this conclusion, Cabral et al. (2005) found a 

high prevalence of zinc deficiency in a hemodialysis population however, the 

difference between the hemodialysis and control groups was not statistically 

significant.   

Chevalier et al. (2002) found that supplementing hemodialysis patients with 50 

mg of elemental zinc increased serum zinc concentrations, which is the amount 
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currently recommended if deficiency symptoms are present.  One symptom of zinc 

deficiency is altered taste perception.  However, Matson et al. (2003) found that 

supplementation with 220 mg of zinc sulfate per day for 6 weeks did not improve taste 

perception in hemodialysis patients.   

More research is needed to determine whether or not serum zinc levels are 

indeed reduced in the CKD population as some debate exists.  Currently, the research 

is also inconclusive on the benefits of providing extra zinc supplementation for this 

population.  Only a few renal supplements contain zinc, with levels ranging from 12.5-

50 mg. 

Herbal Usage among Dialysis Patients 

 The use of complementary and alternative medicine (CAM) therapies in the 

United States continues to increase with at least a quarter of the United States 

population reporting the use of supplements.  With usage of CAM on the rise, it is 

important to evaluate the prevalence of usage amongst hemodialysis patients.  

Complementary and alternative medicine is “a group of diverse medical and health 

care systems, therapies, and products that are not presently considered part of 

conventional medicine” (Burrowes & Van Houten, 2005).  Chiropractic care, herbs, 

dietary supplements, massage, and acupuncture are a few examples of CAM.  During 

treatment, it is important that hemodialysis patients report usage of dietary 

supplements and herbs. As there is a vast number of these CAM products on the 

market, most medical professionals, including registered dietitians, have a limited 

knowledge of these products.  Regulation of supplements and herbals is limited and 

hemodialysis patients take great risk when using them.  These products can interact 
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with prescription medications and renal vitamins prescribed for hemodialysis patients 

are prescribed.  Furthermore, unpredictable effects on blood pressure and glucose are 

of concern.  Potential undisclosed drugs or heavy metals may also be present and may 

lead to renal insult.   

Research has indicated that usage of such products is frequently underreported 

in the hemodialysis population (Bagnis et al., 2004).  This population may be easily 

drawn to the use of supplements and herbals to relieve some of the symptoms of their 

co-morbidities.  No specific data appears to be present indicating usage of such 

therapies among hemodialysis patients (Dahl, 2001). One other important factor to 

consider is that some products such as Noni juice, which is claimed to lower 

cholesterol levels, contains large amounts of potassium, which in turn can lead to 

hyperkalemia in CKD patients (Burrowes and Van Houten, 2005).  On the other hand, 

some herbal supplements have potential benefits for those who are afflicted with CKD 

(Wojcikowski et al., 2004).  In general, more research is needed on CAM use within 

this population.  Dietitians and medical professionals need to investigate the usage of 

herbals and dietary supplements by their patients.     

Summary 

 This review of literature revealed a lack of conclusive research and consensus 

on the use of key nutrients as supplements among CKD patients receiving 

hemodialysis treatments.  An important aspect in the care of these patients is the 

perceptions and practices followed by professionals in hemodialysis clinics, as these 

may impact the recommendations made to these patients.  Ultimately the patients’ 

nutritional health and risk may be impacted by these decisions. 
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CHAPTER III 

 METHODS 
Survey Development 

A survey instrument was created to evaluate the practices of supplement use 

among practitioners in hemodialysis clinics. The survey instrument was entitled “Use 

of Supplements by Patients on Hemodialysis.”  The original questionnaire consisted of 

twenty-six questions divided into three sections.  A letter was sent to the participants 

stating the overall objective of the study, the nature of the survey, and contact 

information of the investigators.  The first section of the survey collected demographic 

information from the participants such as job location, gender, education, credentials, 

and years of practice.  The second section, included questions on current 

supplementation practices within the hemodialysis clinics and the barriers that 

nutrition professionals perceived were present with regards to the availability of 

supplements to their patients.  Finally, the third section consisted of questions that 

asked these professionals about their perceptions with regards to the ideal renal 

supplement for hemodialysis patients.  

Survey Administration 

 In an effort to facilitate distribution, completion, and collection of survey data, 

an online service (www.surveymonkey.com) was utilized. The use of an online survey 

was the preferred mode of administration to reduce the cost and burden of the survey 

distribution to the many practitioners in hemodialysis clinics across the United States.  

The instrument was developed using the standard format from the website.  A website 
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link to the survey was sent to the targeted participants via an e-mail communication. 

The online survey automatically tabulated responses, and allowed the investigators to 

monitor the number of responses received.  The data was downloaded to a personal 

computer for statistical analysis. The research proposal for the pilot study and final 

survey was reviewed and approved by the Texas Tech University’s Institutional 

Review Board for the Protection of Human Subjects.   

 

Pilot Survey 

 A review of the literature along with input from nutrition experts provided the 

initial information needed for questionnaire development. Several reviewers 

contributed throughout the development of the survey with regards to content, face 

validity, language usage, and layout.  Some of the modifications that resulted included 

changes in terminology and the order of the questions to improve clarity and 

consistency.  The questionnaire was then evaluated for reliability using a test-retest 

approach. Participants were sent notifications via e-mail to complete the online survey. 

The pilot survey was administered to a small group of dietitians (N=25) employed at 

hemodialysis clinics throughout the West Texas area. Contact information for the 

subjects was obtained through a dietitian working in this area.   

Subjects were asked to complete the 26-question survey two times within a 

two week interval.  To facilitate the matching of the responses and maintain 

anonymity, respondents were asked to create a personal pin number of up to six digits.  

Over 50% of the sample completed the initial survey for the pilot test.  Approximately 
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two weeks later, the same group of dietitians received another e-mail asking them to 

complete the online survey for a second time.  A major barrier encountered during 

pilot testing was the completion of the second survey from the subjects that completed 

the first survey.  The data collection was terminated after approximately eight weeks, 

following various attempts to obtain the post-survey responses. A total of 15 matched 

pre and post-surveys were received (60%). 

The respondents for the pilot sample were mostly females (93%) who had 

between 0-4 years of experience working within the field of renal dietetics (60%).  All 

of the respondents were Registered Dietitians, but only 20% of them were Board 

Certified Specialists in Renal Nutrition.   

Statistical Analysis 

 Data collected from the pilot test was downloaded from the online survey 

collector into Microsoft Excel 2007.  This information was then imported into the 

Statistical Package for the Social Sciences (SPSS) for Windows version 16.0.  

Bivariate correlations were conducted on all survey items to assess their construct 

reliability (p<0.05).   

Results from the test-retest are summarized in Appendix C. Questions related 

to the demographics were highly correlated which indicates a match of the pre-post 

survey responses (data not shown). Items with a p value greater than 0.05 were 

considered unreliable. Based on the statistical analysis, each item in the survey was 

reviewed for clarity and content and modified as necessary (Appendix C).    
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Final Survey Administration 

Data Collection 

Two major dialysis companies were approached to participate in the survey; 

however only one company granted approval in the summer of 2008.  This company 

operates more than 1,500 outpatient dialysis clinics throughout the United States.  The 

invitation to complete the online survey was sent to dietetics practitioners in October 

following internal review and approval of the survey by the company.  Subjects were 

recruited via the corporate dietitian of this major dialysis company.  The corporate 

dietitian sent out an e-mail invitation with the active link to the online survey to a 

selected group of the dietitians that worked for the company in October, 2008.  

Several follow-up e-mails were sent to solicit responses during this one-month period.  

A total of 167 participants completed the final survey.   

Statistical Analysis 

Data collected from the online survey was downloaded for statistical analysis 

using a personal computer. All statistical analyses were performed using SPSS 

statistical software (version 16.0).  Frequency analyses were conducted on all 

questions to indicate the number of responses for all survey items.  The responses 

were summarized using frequency tables, with attention to the minimum/maximum, 

mean, and percentage functions.  This analysis assisted in surveying the data for entry 

errors, abnormalities in responses, and in obtaining basic descriptive information.  

Chi-square analyses were also conducted to compare responses to educational 
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background, level of experience, and geographical location of the respondents 

(p<0.05).   
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CHAPTER IV 

RESULTS & DISCUSSION   
 

The purpose of this study was to examine the supplementation practices of 

dietitians working with CKD patients receiving hemodialysis.  The 167 responses that 

were received originated from various regions across the United States.  Current 

standards for the supplementation of hemodialysis patients do exist, however this 

survey asked respondents their opinion regarding what should be included in an ideal 

renal supplement for their patients.  Demographic data along with typical practices in 

hemodialysis clinics were obtained as well.    

Participant Demographics 

Approximately ninety-nine percent (98.8%, n = 165) of survey participants 

were female (Table 4.1), which is comparable to the current demographics for 

registered dietitians (96.6% female, Commission on Dietetic Registration, 2008).  In 

total, respondents from 37 different states were represented, with the largest number of 

responses coming from Texas (n = 23).  Fifty-eight percent (58.1%, n = 97) reported 

earning only a Bachelor’s Degree, while 41.3% (n = 69) of respondents had earned a 

Master’s Degree (Table 4.1).  One participant reported having a Medical Degree, 

while no one in this sample selected “Doctoral Degree”. 
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As far as work experience in renal care, 37.7% (n = 63) reported that they had 

four or less years of experience, 25.1% (n = 42) had between five and ten years of 

experience, and 37.1% (n = 62) had eleven or more years of experience.  With the 

exception of one, all respondents were registered dietitians.  To further explore the  

level of expertise in the renal field, a question concerning whether or not participants 

were Board Certified Specialists in Renal Nutrition was included within the 

demographics section.  Only 7.2% (n = 12) of the respondents reported this 

certification (Table 4.1).  Over half (n = 7) of these board certified specialists came 

from the eastern third of the United States.   
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Table 4.1 
Characteristics of Respondents  
                   Frequency               Percent  
                                                                  (n = 167) 
 
Gender    
 Female              165    98.8 
 Male       2      1.2 
 
Educational Experience   

Bachelor’s Degree              97   58.1 
Master’s Degree   69   41.3 
Medical Degree                1     0.6 
Doctoral Degree       0               0.0 
Other       0       0.0 
 

Years of Experience in the Renal Field  
 0-4              63   37.7 
 5-10            42                            25.1 

11 or more                62   37.1 
   
 
Registerd Dietitian  
 Yes              166    99.4 
 No       1      0.6 
 
Board Certified Specialist in Renal Nutrition 
 Yes     12      7.2 
 No                     155     92.8 
 
   

 



Texas Tech University, Jennifer Laura Sides, August 2009 

50 

Recommendations of Supplements to Patients 

When asked who is the primary decision maker with regards to the 

recommendation of supplements to patients, 59.4% (n = 79) reported that the 

registered dietitian performed this role, while slightly more than nineteen percent       

(n = 26) reported using a “team approach.”  The “medical doctor” was reported as the 

primary decision maker by slightly more than nineteen percent (n = 26) of the 

practitioners.  Less than one percent of the respondents (n = 1) indicated that the 

“nurse” was the primary decision maker (Table 4.2).  An option to “specify” details 

was provided and three individuals documented that they also worked with a nurse 

practitioner when recommending supplements and two other individuals reported 

collaboration between the registered dietitian and medical doctor. 

  According to Nutrition Care in Kidney Disease (American Dietetic 

Association, 2004), it is important for the entire renal healthcare team to collaborate to 

provide the best outcome for the patient.  The American Association of Kidney 

Patients (2004) also noted that a team approach ensures that all needs of the renal 

patient are met.  A typical renal care team consists of several individuals:  a medical 

doctor or nephrologist who will treat renal disease and co-morbidities such as diabetes 

and cardiovascular disease, a nurse who is an expert in daily care, the Registered 

Dietitian who provides nutrition education and monitors nutritional status, the social 

worker who can provide resources for financial assistance or social support, and the 

pharmacist who is an expert on medications and interactions.  
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To ensure that each patient receives individualized and comprehensive care, it is 

important that the entire healthcare team work together.  Currently there are no set 

guidelines which require teams to work together.  It is apparent from the responses 

offered to the survey that the hemodialysis clinics use different approaches in decision 

making, but it seems that the registered dietitian plays an important role in the 

recommendation of supplements.   

Table 4.2 
Decision Maker with Regards to Supplementation 
 
Primary Decision Maker       Frequency            Percent  
            (n = 133) 
 
RD                79    59.4 
MD     26    19.5 
Team Approach      26      19.5 
RN                        1       0.8 
Other                 1                                   0.8 
 

 

Barriers to Obtaining Appropriate Supplements 

The survey asked respondents to identify the primary barriers facing their 

patients in taking an appropriate supplement.  Not surprisingly, respondents indicated 

that the major barrier hindering patients from taking an appropriate supplement was 

the cost (72.5%, n = 121) (Table 4.3).  Many dialysis patients do not have adequate 

prescription insurance and may need to purchase supplements as an out-of- pocket 

expense, which can become quite costly.  Also, some patients may be unable to work 

resulting in a fixed income, especially if the condition results in disability or the 

patients are elderly.  Most non-prescription renal supplements cost $10.00 to $20.00 
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for 100 pills, while prescription versions of these supplements can range from $15.00 

to $60.00 for the same number of pills (www.dialyvite.net, 2009).  When asked in the 

past six months, what percentage of patients could afford the out-of-pocket cost for 

nutrient supplements, respondents noted that 45.3% of their patients could only afford 

less than $5.00 per month to purchase nutrient supplements and 25.5% could afford 

between $5.00 and $10.00 per month.  Overall, only 16.7% of the patients could afford 

between $11.00 and $30.00 per month, which is the estimated cost of non-prescription 

renal supplements and 32.4% of patients could not afford any out-of- pocket expenses 

to purchase nutrient supplements.   

Table 4.3 
Perceived Barriers in Taking Nutrient Supplements 
 
Barriers        Frequency            Percent 
         (n = 167)                 
Cost              121    72.5 
Pill Burden    68    40.7   
Smell/Taste    45    26.9 
Lack of Knowledge   45    26.9 
No Interest    37    22.2 
None     1      0.6 
 
 

A second barrier to using supplements identified by 40.7% (n = 68) of the 

respondents was “pill burden”, or too many pills needing to be taken.  Besides renal 

supplements, most dialysis patients take numerous medications to treat a variety of 

conditions such as diabetes, dyslipidemia, hypertension, anorexia, reflux, 

osteodystrophy, hyperkalemia, and /or gastroparesis (American Dietetic Association, 

2004).  Ingesting this many medications on a daily basis can be quite cumbersome and 
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some patients may view renal supplements as a luxury and a burden versus a 

necessity.  Participants further noted that the smell/taste of the supplement (26.9%, n = 

45) and the lack of knowledge of the potential benefits of supplementation (26.9%, n = 

45) were also common barriers amongst their patients with regards to taking 

supplements.  Twenty-two percent (n = 37) further noted that they felt their patients 

had no interest in taking a supplement, which may be due to the long list of 

medications dialysis patients are already required to take (Table 4.3).   

Nearly half (49%, n = 82) of the respondents indicated that their patient population 

didn’t take the appropriate supplements due to either a lack of knowledge of their 

potential benefits or no interest in taking the supplements.  This indicates that clinics 

need to address the education that patients receive with regards to the benefits of 

supplementation during hemodialysis.  Increasing the knowledge level of these 

patients prior to beginning dialysis treatments could possibly impact the level of 

compliance within this population. 

Unfortunately, many dialysis patients do not have insurance coverage and when 

combined with the lack of coverage by Medicare Part D, practitioners are faced with 

limited options to offer their patients for nutrient supplements.  A common alternative 

used by 60.5% (n = 101) of the respondents was to recommend over-the-counter renal 

vitamins.   

A small percentage of practitioners (19.8%, n = 33), recommend over-the-counter 

non-renal supplements which may pose a problem as these supplements are not 

specifically formulated for renal patients (Table 4.4).  Renal patients on hemodialysis 
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have specialized needs and proper nutrient intake is essential to improve their health 

and overall quality of life.  Standard multivitamins may contain certain combinations 

of vitamins that are not recommended for renal patients.  For example, vitamin A 

(found in standard multivitamins) can build up in the liver and cause toxicity.  On the 

other hand, during dialysis water-soluble vitamins are removed and must be replaced 

and many multivitamins do not contain adequate amounts of these.  Furthermore, 

patients with renal conditions are on fairly restrictive diets and may lack an appetite 

leading to a decreased nutrient intake.  Renal supplements are specially formulated 

with increased levels of water-soluble vitamins to compensate for the increased losses 

and needs of these patients (American Dietetic Association, 2004). 

 About 26.9% (n = 45) of the respondents recommend prescription renal 

supplements and only 16.8% (n = 28) recommend prescription supplements for those 

patients with medication insurance.  Over half of the respondents (58.1%, n = 97) 

request free samples from company sales representatives to give to their patients.  

Some respondents noted that they were not permitted to distribute samples at the 

clinics, but attempted to work with representatives and physicians to get them to the 

patients. 

The vast majority of respondents (91.6%, n = 153) indicated that they use “other” 

alternatives or approaches along with those previously mentioned.  Some of the 

approaches identified by the respondents included seeking “American Kidney 

Foundation grants, providing patients with cost-effective mail order supplement 
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options, discussing patient assistance programs, providing information about renal 

supplements sold in bulk, and adding single nutrient supplements such as folic acid”. 

To further offset the financial liability, many practitioners seek funding outside of 

their clinics from foundations and organizations.  Out of the 133 participants that 

responded to the question, slightly over half (55.6%, n = 74) noted that they have 

access to these resources, while 44.4% (n = 59) indicated that they did not.  With 

nearly half of the respondents indicating that they do not have access to assistance 

from outside organizations, it is reasonable that many practitioners explore other 

alternatives to assist their patient population.  Some states, such as Texas, offer a 

Kidney Health Care Program (KHC) that is designed to alleviate some of the financial 

burden (Texas Department of State Health Services, 2004).   
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Table 4.4 
Alternatives or Approaches Recommended for Nutrient/Dietary Supplements 
 
Alternative         Frequency            Percent  
          (n = 167)      
 
Over-the-counter    101    60.5 
renal supplements 
 
Over-the-counter      33    19.8 
non-renal supplements 
 
Prescription      45    26.9 
renal supplements 
 
Prescription      28    16.8 
renal supplements for those with  
insurance coverage 
 
Free samples      97    58.1 
 
Other     153    91.6 
 
 

Selection of Supplements 

Respondents were asked to rate factors influencing their decision in making a 

selection for a renal multivitamin/mineral supplement for their patients, based on the 

perceived degree of importance (Table 4.5).  With regards to selecting a particular 

renal multivitamin/mineral supplement for their patients, the vast majority of the 

respondents felt that the cost to the patient was a “very important” or “important” 

factor influencing their decision (97%, n = 128), which is fitting since cost was 

determined to be a major barrier influencing a patient’s ability to obtain supplements.  

Other factors that were considered “very important” or “important” by most of the 

respondents included the patient’s poor nutrient status (92.5%, n = 123), inadequate 
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dietary intake (88%, n = 117), and insurance coverage (87%, n = 111).  Most patients 

cannot afford to spend a large portion of their monthly income on supplements, 

therefore professionals working with renal failure patients try to find the most cost-

effective treatments.   

A large number of respondents also rated the levels of serum homocysteine 

(72%, n = 93), existing co-morbidities (72.5%, n = 95), and interactions with 

medications (64%, n = 83) as “very important” or “important”.  Less of a consensus 

was apparent regarding the degree of importance of poor iron status of the patients 

when selecting a nutrient supplement for hemodialysis patients, with 57%, (n = 75) 

indicating that this parameter was “very important” or “important”, 35% (n = 46) 

rating the selection as “neutral” or “somewhat important,” and eight percent (n = 10) 

indicated that this parameter was “not important” (Table 4.5). 
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Table 4.5 
Factors Influencing the Decision Regarding the Selection of Renal 
Multivitamins/Minerals for Patients 
 

Factor Very 
Important 

Important Neutral Somewhat 
Important 

Not 
Important  

                                              Number of Responses (Percentage) 

Cost (n = 132) 103 (78%) 25 (18.9%)  3 (2.3%) 1 (0.8%) 0 

Insurance Coverage (n = 
128)  

72 (56.2%) 39 (30.5%) 13(10.2%) 0 4 (3.1%) 

Poor Nutrient Status (n = 
133)  88 (66.2%) 35 (26.3%) 6 (4.5%) 4 (3.0%) 0 

Inadequate Dietary Intake (n 
= 133)  

85 (63.9) 32 (24.1) 12 (9.0%) 3 (2.3%) 1 (0.8%) 

High Plasma Total 
Homocysteine (n = 130) 73 (56.2%) 20 (15.4%)      20(15.4%) 10 (7.7%) 7 (5.4%) 

Poor Iron Status (n = 131)  17 (35.9%) 28 (21.4%) 26(19.8%) 20(15 %) 10(7.6%) 

Interactions with 
Medications 
(n  = 130) 

51 (39.2%) 32 (24.6%) 31(23.8%) 9 (6.9%) 7 (5.4%) 

Diseases and Conditions in 
Addition to Chronic Kidney 
Disease (n = 131)  

49 (37.4%) 46(35.1%) 25(19.1%)   9 (6.9%)   2(1.5%) 

 

Blood Levels of B-Vitamin Parameters 

 No standard recommendations exist on the frequency for monitoring blood 

levels of vitamin B-12, folic acid, and homocsyteine at hemodialysis clinics.  When 

asked how often these values are checked at the clinic, about half of the respondents 

indicated that vitamin B-12 (53.4%, n = 71), folic acid (50.0%, n = 65), and 

homocysteine (50.0%, n = 65) are only checked by physician’s order.  Approximately  
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one-third of the respondents reported that these measurements are rarely done at the 

clinic (vitamin B-12 (30.8%, n = 41), folic acid (35.4%, n = 41), and homocysteine 

(40.8%, n = 53)).  However, it is possible that these measurements are done at the 

physician’s office as noted by one respondent.  A small percentage of the respondents 

indicated that these parameters are done quarterly or annually (Table 4.6).  Under 

“other”, both vitamin D and vitamin B-6 were mentioned.  As no standards currently 

exist for checking these blood parameters, more research needs to be done to explore 

this topic and to examine the need to establish monitoring guidelines.   

Table 4.6 
 Frequency for Monitoring Blood Parameters in Hemodialysis Clinics 
Blood 
Parameter Quarterly 

on All 
Patients 

Once per 
Year on 

All 
Patients 

Only by 
Physician’s 

Order 

Based on 
Specific 

Protocols 
Rarely 

                                                                 Number of Responses (Percentage) 
Vitamin B-12 
(n = 133) 5 (3.8%) 11 (8.3%) 71 (53.4%) 5 (3.8%) 

     
41(31.8%) 

Folic Acid (n 
= 130) 6 (4.6%) 8 (6.2%) 65 (50.0%) 5 (3.8%) 

 
46(35.4%) 

Homocysteine 
(n = 130) 3 (2.3%) 3 (2.3%) 65 (50.0%)   6 (4.6%) 

 
53(40.8%) 

Other (n = 35) 
0 0 15(42.9%)     3 (8.6%) 

  
17(48.6%) 

 

Ideal Supplements 

 An important aspect of the survey was to explore the opinions of practitioners 

on the ideal supplement formulation for patients receiving hemodialysis treatments.  

These opinions may be molded by the years of experience, education, training, and 

credentials of the practitioners.  The survey included questions on key vitamins and 
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food components that are known to be of concern in patients on hemodialysis 

treatment such as vitamin C, B-vitamins, zinc, selenium, omega-3 fatty acids, and 

antioxidants to name a few.  The options for the ideal supplementation varied from 

amounts established by the National Research Council, Dietary Reference Intake 

(DRI), and common dosages in common renal supplements. 

Vitamin C 
 

Dietary consumption of fruits and vegetables, which are excellent sources of 

vitamin C, are frequently restricted in renal patients due to levels of potassium.  

Furthermore, it has been documented that water-soluble vitamins such as vitamin C 

are lost to some degree during hemodialysis further placing these patients at risk for 

deficiency.  Vitamin C is an antioxidant and may reduce inflammation, which is 

typically present in hemodialysis patients.  The current recommendation for vitamin C 

supplementation for hemodialysis patients is 60-100 mg per day, but the literature 

indicates that many experts in renal care believe that this recommendation may be too 

low (Handelman, 2007 & Wang et al, 1999).  Consistent with the general 

recommendation, most renal supplements contain 50-100 mg of vitamin C; however 

some researchers indicate that as serum levels of vitamin C are not routinely checked 

this level may not be sufficient.   

The vast majority of respondents (78%) agreed that the ideal supplement 

should contain the amounts within the generally recommended range of between 60-

100 mg/d.  Thirty-eight percent (n = 45) of the practitioners surveyed indicated that 60 

mg of vitamin C would be an optimal amount for the ideal renal supplement for 
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hemodialysis patients (Table 4.7).  Twenty-nine percent (n = 34) felt that 100 mg 

should be the amount included.  Only a small percentage of the respondents (10.9%) 

agreed that the amount should be higher (250 mg) and an equal number (10.9%) had 

no opinion or suggested no vitamin C supplementation.     

Table 4.7 
Suggested Amount of Vitamin C in the Ideal Renal Supplement as Perceived by 
Practitioners in Hemodialysis Clinics 
 
Amount         Frequency            Percent  
          (n = 119) 
 
250 mg    13    10.9 
100 mg    34    28.6 
DRI (70-90 mg)   14    11.8 
Standard Amount (60 mg)  45    37.8 
None     2      1.7 
No Opinion    11      9.2 
 
 

Vitamins B-12, B-6, and Folic Acid 
 

For hemodialysis patients, the recommended amounts of vitamins B-12, B-6, 

and folic acid are 2-3 µg/d, 10 mg/d, and 1.0 mg/d respectively (American Dietetic 

Association, 2004).  Renal supplements contain varying amounts of these vitamins.  

Current literature recommends the use “moderate doses” of these vitamins (put 

examples here).  Larger doses have not been shown to guarantee a further reduction in 

homocysteine. 

Typically, renal vitamins contain varying amounts of vitamin B-12, which 

range from 6 µg to 2 mg and it is recommended that hemodialysis patients receive 

between 2-3 µg/d.   Over half (54.6%, n = 65) of the respondents indicated that 6 µg 

(amount typically found in renal supplements) of vitamin B-12 would be an optimal 
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amount to include in the ideal renal supplement.  Nineteen percent (n = 23) felt that an 

amount greater than 6 µg would be ideal and only three percent (n = 4) indicated that 

the optimal amount should be lower than 6 µg.  On the other hand, 16% (n = 27) had 

no opinion on the matter (Table 4.8). 

It is recommended that hemodialysis patients receive 10 mg/d of vitamin B-6.  

Renal vitamins contain anywhere from 10 to 50 mg of this vitamin.  The majority of 

the practitioners (47%, n = 56) specified that the recommended amount (10 mg) would 

be the most favorable option for the ideal renal supplement.  On the other hand, 27% 

(n = 32) respondents felt that an amount larger than 10 mg would be ideal and 22%   

(n = 26) had no opinion on the matter. 

The current recommended intake of folic acid for hemodialysis patients is 1.0 

mg/d and renal vitamins typically contain between 0.8 and 5.0 mg.  Thirty-seven 

percent (n = 44) of practitioners chose the recommended amount (0.8-1.0 mg) when 

asked what amount of folic acid should be included in an ideal renal supplement; 

however, 48% (n = 57) indicated that they would like to see an amount greater than 

0.8-1.0 mg.  Fifteen percent (n = 18) of the respondents had no opinion. 

 With the exception of folic acid, the majority of practitioners indicated that 

they would like to see at least the typical amounts of vitamins B-12 and B-6 found in 

renal vitamins in an ideal supplement for hemodialysis patients.  On the other hand, 

when asked about these B-vitamins, many also had no opinion on the matter.   
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Table 4.8 
Suggest Amount of Vitamins B-12, B-6, and Folic Acid in the Ideal Daily Supplement 
as Perceived by Practitioners in Hemodialysis Clinics 
Vitamins                         Frequency                       Percent  
                                                                 (n = 119) 
 
Vitamin B-12   

2 mg     9      7.6 
1 mg     14    11.8 
Standard Amount (6 µg)  65    54.6 
DRI (2.4 µg)    3      2.5  
None     1      0.8 
No Opinion    27    16.2 

 
Vitamin B-6 

50 mg     10      8.4 
20-25 mg    22    18.5 
Standard Amount (10 mg)  56    47.1  
DRI (1.5-1.7 mg)     5      4.2  
None       0      0.0 
No Opinion    26    21.8 

 
Folic Acid 

5.0-5.5 mg    20    16.8 
2.5-3.0 mg    37    31.1 
Standard Amount (0.8-1.0 mg) 44    37.0  
DRI (0.4 mg)      0      0.0  
None       0      0.0 
No Opinion    18    15.1 

 
      

Vitamin E 

 Currently there is no conclusive evidence to indicate whether serum vitamin E 

levels in dialysis patients are normal, reduced, or increased.  At this point in time 

vitamin E supplementation in renal failure patients is only considered necessary when 

they are receiving total parenteral nutrition (TPN). On the other hand, 10 IU/day (7 

mg/d) is recommended for the general renal population as Vitamin E has been shown 
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to reduce cardiovascular disease risk and inflammation (American Dietetic 

Association, 2004).   

A review of the literature revealed that no therapeutic dosages of vitamin E 

have been established for dialysis patients and the amounts used in the studies varied 

greatly.  Renal supplements contain anywhere from 0-30 IUs of vitamin E.  Forty 

percent (n = 48) of the respondents specified that the ideal renal supplement for 

hemodialysis patients should contain the DRI amount (15 mg), while only six percent 

(n = 7) of the practitioners felt that more than the DRI was needed.  However, another 

40% (n = 46) of the practitioners surveyed, indicated that vitamin E supplementation 

was not necessary or had no opinion on the matter (Table 4.9).   

Table 4.9 
Suggested Amount of Vitamin E in the Ideal Renal Supplement as Perceived by 
Practitioners in Hemodialysis Clinics 
Amount         Frequency            Percent  
          (n = 119) 
 
More than Twice the DRI    1      0.8 
Twice the DRI      6          5.0 
DRI Amount (15 mg/day)   48    40.3 
Half the DRI    18    15.1 
None     23    19.3  
No Opinion    23    19.3  
 
 

Vitamin A 

Vitamin A supplementation is not routinely recommended for patients with 

CKD (pre-dialysis or dialysis) due to potential liver toxicity.  According to the third 

National Health and Nutrition Examination Survey (NHANES) (Centers for Disease 

Control and Prevention, 1988-94), serum levels of vitamin A increase as levels of 
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creatinine increase.  Some studies have also shown elevated levels of vitamin A in the 

liver; however others have observed reduced serum levels of carotenoids in renal 

failure patients.  The current consensus is that vitamin A should not routinely be 

recommended for hemodialysis patients.  However, it is recommended that those with 

low serum levels of vitamin A should increase dietary intake of this fat soluble 

vitamin (American Dietetic Association, 2004).   

Forty-seven percent (n = 56) of practitioners surveyed agreed with the current 

recommendations by indicating that no vitamin A should be included in the ideal renal 

supplement (Table 4.10).  However, almost twenty percent (18.5%, n = 22) of the 

respondents specified that the DRI amount (700-900 µg/day) should be included, 

which is inconsistent with the current recommendations.  However, less than one 

percent felt that more than the DRI needed to be supplemented. Twenty percent         

(n = 24) of the respondents selected “no opinion”.  Based on the responses, over half 

of the practitioners responding to the survey did not concur with the current 

recommendations or have not formed an opinion with regards to vitamin A 

supplementation in patients on hemodialysis.     
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Table 4.10 
Suggested Amount of Vitamin A in the Ideal Renal Supplement as Perceived by 
Practitioners in Hemodialysis Clinics 
Amount         Frequency            Percent  
          (n = 119) 
 
More than Twice the DRI    0      0.0 
Twice the DRI      1          0.8 
DRI Amount (700-900 µg/day)  22    18.5 
Half the DRI    16    13.4 
None     56    47.1  
No Opinion    24    20.2 
 
 

Vitamin K 

 Similar to Vitamin A, routine supplementation with Vitamin K is not 

recommended for hemodialysis patients.  As adequate vitamin K levels are needed to 

maintain bone health, further research is needed to provide information on potential 

benefits of supplementation in those with renal disease (American Dietetic 

Association, 2004).  Slightly more than fifty percent (51.3, n = 61) of practitioners 

concurred with the current recommendations by indicating that vitamin K should not 

be incorporated in the ideal renal supplement (Table 4.11).  On the other hand, almost 

twenty percent (18.5, n = 22) of the respondents indeed felt that the DRI amount (90-

120 µg/day) should be included.  Twenty-two percent (n = 26) selected “no opinion”.  

Based on the responses it seems that many practitioners either do not concur with the 

current recommendations or have not formed an opinion regarding vitamin K 

supplementation in patients on hemodialysis.     
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Table 4.11 
Suggested Amount of Vitamin K in the Ideal Renal Supplement as Perceived by 
Practitioners in Hemodialysis Clinics 
Amount         Frequency            Percent  
          (n = 119) 
 
More than Twice the DRI    0      0.0 
Twice the DRI      1          0.8 
DRI Amount (90-120 µg/day)  22    18.5 
Half the DRI      9      7.6  
None     61    51.3 
No Opinion    26    21.8 
 

Selenium 

 Selenium is necessary for the production of glutathione peroxidase (GPX) 

which protects cells from lipid peroxidation.  One of the main sources of plasma GPX 

is the kidney and levels are typically lower in hemodialysis patients (American 

Dietetic Association, 2004).  At this point in time, selenium supplementation is not 

routinely recommended for dialysis patients and little research has been conducted to 

determine optimal levels needed by this patient population.   

While renal supplements typically do not contain selenium, thirty-eight percent 

(n = 45) of practitioners specified that the DRI (55 µg) should be incorporated in the 

ideal renal supplement for hemodialysis patients (Table 4.12).  Seventeen percent      

(n = 20) felt that half of the DRI level should be included and four percent (n = 5) of 

the respondents would like to see twice the DRI.  Fifty-nine percent of those surveyed 

advocated that some amount of selenium should be included in the ideal renal 

supplement for this patient population which is not consistent with the current 

recommendation.  Although the vast majority of respondents believe that some 
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amount of selenium should be included, thirty-two percent (n = 38) had no opinion on 

the matter.  Based on the responses to the survey, there seems to be a lack of 

agreement among practitioners with regard to the current recommendations.       

Table 4.12 
Suggested Amount of Selenium in the Ideal Renal Supplement as Perceived by 
Practitioners in Hemodialysis Clinics 
Amount         Frequency            Percent  
          (n = 119) 
 
More than Twice the DRI    0      0.0 
Twice the DRI      5          4.2 
DRI Amount (55 µg/day)   45    37.8 
Half the DRI    20    16.8 
None     11      9.2 
No Opinion    38    31.9 
 

Iron 

 Iron deficiency is very common among hemodialysis patients as blood losses 

can be frequent and certain medications may also inhibit iron absorption.  Patients 

receiving erythropoietin (EPO) treatments will also be at an increased risk for 

developing iron deficiency as EPO will stimulate an increased rate of erythropoiesis.  

Iron levels should be monitored and oral supplementation is usually the first 

recommendation, followed by intravenous infusions.  Doses of iron for hemodialysis 

patients are individualized and for this reason, renal supplements typically do not 

contain iron.   

Forty-five percent (n = 53) of practitioners concurred with the current 

recommendation and indicated that no iron should be incorporated in the ideal renal 

supplement for hemodialysis patients (Table 4.13).  On the other hand, slightly more 
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than forty percent of the respondents felt that some iron should be included, with the 

most frequent response (26.3%, n = 31) being the DRI amount (8-18 mg/d).  Only 

twelve percent (n = 14) indicated that they had no opinion on this issue.  Judging from 

the responses on this question, it seems that there are discrepancies with regards to 

including iron in the ideal renal supplement for this patient population. 

Table 4.13 
Suggested Amount of Iron in the Ideal Renal Supplement as Perceived by 
Practitioners in Hemodialysis Clinics 
Amount         Frequency            Percent  
          (n = 118) 
 
More than Twice the DRI    1      0.8 
Twice the DRI      6          5.1 
DRI Amount (8-18 mg/day)   31    26.3 
Half the DRI    13    11.0 
None     53    44.9 
No Opinion    14    11.9  
 

Zinc 

 Fecal zinc excretion may be increased in dialysis patients and many 

medications that are commonly taken, such as phosphate binders, can also interfere 

with zinc absorption.  As long as dialysis patients maintain a dietary intake of zinc at 

8-11 mg/d (DRI), further supplementation is not recommended.  However, 

maintaining this daily intake may become difficult for hemodialysis patients as their 

appetites and dietary intake tend to fluctuate.  If deficiency is present, then a dose of 

50 mg/d is recommended (American Dietetic Association, 2004).   

On average, renal supplements contain anywhere from 15-50 mg of zinc.  

Forty-five percent (n = 54) of practitioners indicated that the DRI (8-11 mg) amount 
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would be preferred in an ideal renal supplement for hemodialysis patients (Table 

4.14).  Seventeen percent (n = 21) felt that twice the DRI amount was needed and 

eight percent would like to see more than twice the DRI.  On the other hand, fifteen 

percent (n = 18) felt that half of the DRI would suffice, while two percent (n = 2) 

reported that none should be included.  Thirteen percent (n = 15) indicated that they 

had no opinion.  The responses from this were quite variable indicating that there may 

not be a clear consensus among practitioners working with hemodialysis patients 

regarding zinc supplementation. 

Table 4.14 
Suggested Amount of Zinc in the Ideal Renal Supplement as Perceived by 
Practitioners in Hemodialysis Clinics 
Amount         Frequency            Percent  
          (n = 119) 
 
More than Twice the DRI    9      7.6 
Twice the DRI    21        17.6 
DRI Amount (8-11 mg/day)   54    45.4 
Half the DRI    18    15.1 
None       2      1.7 
No Opinion    15    12.6  
 

Phytochemicals and Other Food Components 
 

Omega-3 fatty acids may reduce the risk of heart disease and inflammation 

among renal failure patients (American Dietetic Association, 2004).  The acceptable 

intake (AI) for omega-3 fatty acids is 1.6 grams per day for men and 1.1 grams per day 

for women.  Omega-3 fatty acids are not typically recommended for hemodialysis 

patients.  The general consensus from current literature is 1-3 grams of omega-3 fatty 
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acids per day can potentially benefit this population (American Dietetic Association, 

2004).   

Respondents were asked which phytochemicals or food components should be 

in a daily supplement for hemodialysis patients from a list including lycopene, lutein, 

omega-3 fatty acids, and resveratrol.  Fifty-four percent (n = 90) indicated that omega-

3 fatty acids should be included.  Current literature supports the potential need of 

omega-3 fatty acids for renal failure patients.   

 Lycopene and lutein are carotenoids found in red, yellow, and orange fruits 

and vegetables.  These carotenoids possess antioxidant qualities and may be beneficial 

to hemodialysis patients as inflammation and cardiovascular disease are highly 

prevalent (Groff & Gropper, 2000).  Despite the fact that renal supplements do not 

contain either lycopene or lutein, and no standards currently exist for the 

supplementation of carotenoids among hemodialysis patients, 28% (n = 47) of 

respondents indicated that lycopene should be included in renal supplements.  

Likewise, 25% (n = 41) agreed that lutein should be included daily renal supplements 

for hemodialysis patients.   

A recommended intake for polyphenols such as resveratrol does not exist for 

either the general population or for disease-specific groups even though research 

indicates that potential benefits such as reducing risk for cardiovascular disease and 

decreasing inflammatory markers exist.  The vast majority of the respondents do not 

believe that resveratrol should be included in renal supplements for hemodialysis 

patients as only four percent (n = 7) of the respondents indicated that resveratrol 
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should be included in renal supplements.  While the potential use and benefits of 

polyphenols in hemodialysis patients has been explored (Castilla et al, 2006 & 2008) 

more research is needed to determine a recommended amount and form of 

polyphenols as most studies used concentrated grape juice instead of a supplement of 

the specific polyphenol ingredient (Castilla et al, 2006 & 2008). 

  A small number of respondents (n = 14, 14.4%) had no opinion regarding the 

addition of phytochemicals and other food components to renal supplements.  These 

responses suggest the need for further investigation with regards to the usage of 

phytochemicals and food components amongst hemodialysis patients.   

CoQ10 and Lipoic Acid 

 CoQ10 and lipoic acid have antioxidant properties and may prevent oxidative 

damage to cell membranes (Mayo Clinic, 2009).  Currently no recommendations 

concerning these compounds are available for hemodialysis patients, however, 16.8% 

(n = 28) and 10.2% (n = 17) of respondents believe that CoQ10 and lipoic acid, 

respectively, should be included in renal supplements for hemodialysis patients.  

Another 36% (n = 60) indicated that they had no opinion and 13% (n = 22) felt that 

these ingredients should not be included.  The survey suggests a lack of consensus 

among responding practitioners regarding the use of these antioxidants in renal 

supplements indicating that more research may be needed to further explore the 

potential benefits and uses of these antioxidants with renal failure patients. 
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Accessibility of the Ideal Renal Supplement 
 

Renal supplements are available by prescription, over-the-counter, or through 

mail order services.  Typically these supplements are available in bottles that contain 

90 to 100 pills and some companies do offer bulk quantities.  Several formulations are 

available and each may differ slightly.  The prescription versions characteristically 

contain higher levels of water-soluble vitamins (www.dialyvite.net, 2009).  When 

asked if the ideal renal supplement should be available as an over the counter or 

prescription version, almost 70% (n = 82) of practitioners indicated that they preferred 

an over the counter formulation.  On the other hand, 31% (n = 37) felt that this 

supplement should be available by prescription. 

To further explore preferences for where the ideal renal supplement would be 

sold, practitioners were asked to rank various locations.  Sixty-one percent (n = 72) of 

the practitioners ranked discount chains as the most preferred location, followed by 

pharmacies (29.4%), online or home delivery (22%), and supermarkets (18.8%).    

Perceptions of the Ideal Renal Supplement Based on Level of Experience, Educational 
Background, and Geographical Location 

 
The demographics portion of the survey contained questions to gather basic 

descriptive data about the practitioners working within hemodialysis clinics.  Included 

in this section were questions related to:  years of experience (0-4, 5-10, 11 or more 

years), educational background (Bachelor’s, Master’s, Doctoral, Medical Degree), and 

geographical location (city, state, zip code).  This demographic information was used 

to compare to the practitioners’ beliefs with regards to the ideal renal supplement for 

hemodialysis patients.  
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The responses revealed that 37.7% (n = 63) had 0-4 years of experience, 25.1% 

(n = 42) had 5-10 years of experience, and 37.1% (n = 62) had 11 or more years of 

experience.  Overall, a chi-square analysis (p<0.05) indicated that level of experience 

had little influence on practitioners’ views of the ideal renal supplement.  Vitamin B-6 

approached significance for experience (χ2 (8) = 14.860, p = .062).  The largest 

deviant score was observed in the group with the least amount of experience (0-4 

years).  Those with less than five years of experience were more likely to prefer less 

than the standard amount of vitamin B-6 for the ideal renal supplement, while the 

group with the most experience (11 or more years) was more likely to select 1.5-1.7 

mg of vitamin B-6 for the ideal renal supplement.  Although there was some 

underlying relationship between years of experience and the amount of vitamin B-6 

preferred in renal supplements, the typical amount (10 mg) was the most commonly 

endorsed response regardless of experience level.    

Chi-square analysis indicated that experience influenced the likelihood that 

practitioners would select “no opinion” when given that option.  In particular, when 

respondents were asked about phytochemicals, other food components (χ2 (2) = 7.666, 

p < .05), and antioxidants (χ2 (2) = 7.840, p < .05), those with the least length of 

experience (0-4 years) were more likely to select “no opinion” when compared to 

those with five or more years in the renal field.  

Results were aggregated using two groups: one with less than five years of 

experience and one with five or more years of experience due to the spread of 

responses when comparing the three groups of experience levels (0-4, 5-10, 11 or 
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more years).  When comparing the respondents’ selection of the ideal amounts of 

vitamins B-12, B-6, and folic acid based on the years of experience, the practitioners 

with less than five years of experience and those with five or more years of experience 

both recommended the “standard amount” more frequently than any other choice.  

Responses by most practitioners are congruent with the modest doses typically 

supported by the literature which are provided in the “standard amount” of the renal 

supplementation for vitamins B-12, B-6, and folic acid.  

 
Responses on the ideal renal supplement were compared to the educational 

background of the practitioners completing the survey.  Comparisons were only 

conducted among those with a bachelor’s or master’s degree, due to the limited 

number of responding practitioners with other degrees.  A difference in response was 

only noted on the choice of vitamin B-6 supplementation. Respondents with a 

bachelor’s degree selected the “standard amount” (10 mg/day) more frequently as the 

ideal dose, than those with a Master’s degree (χ2(4) = 10.399, p < .05).  

 Practitioners were also asked to provide information (city, state, zip code) 

about their geographical location.  Overall, 37 states were represented with the largest 

number of responses coming from Texas.  As not all states were represented, to 

conduct the statistical analyses, respondents were categorized into three geographical 

regions: West (AK,AZ, CA, CO, HI, NM, NV, OR, WA), Central (IL, IN, KS, LA, 

MI, MO, OK, TX), or East (AL, DE, FL, GA, KY, MA, MD, ME, MS, NC, NH, NJ, 

NY, OH, PA, SC, TN, VA) based on their state of residency.  This grouping was 
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selected as the small number of respondents from each state presented a limitation for 

statistical comparisons by state.  

 When the geographical location was compared to the practitioners’ perceptions 

of the ideal renal supplement, only responses related to “other B-complex vitamins” 

demonstrated significant differences.  Upon investigation, it was observed that 

respondents from the Western region were more likely to select “no opinion” when 

asked if other B-complex vitamins should be incorporated in the ideal renal 

supplement.  On the other hand, practitioners from the Central region were more likely 

to prefer the Dietary Reference Intake (DRI) levels, while those from the Eastern 

region were more likely to prefer amounts greater than the DRI amount.   
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CHAPTER V 

CONCLUSIONS 
 

Summary of Conclusions 

The objective of this study was to examine the supplementation practices of 

dietitians working with chronic kidney disease (CKD) patients receiving hemodialysis.  

Besides demographic information, respondents were asked about typical practices 

within their clinics and their opinions on what components should be included in the 

ideal renal supplement for hemodialysis patients.  The majority of professionals 

surveyed were registered dietitians with either less than five years of experience or 

more than eleven years of experience in the renal field and few were Board Certified 

Specialists in Renal Nutrition.  In hemodialysis clinics, dietitians were the primary 

decision makers when it came to the recommendation of supplements to patients.  This 

information is significant as it demonstrates the important role that the dietitian plays 

in the treatment of dialysis patients.   

 Certain barriers were also revealed during this research.  Cost was identified as 

a major barrier that patients face in taking appropriate supplements and it is also plays 

a role in influencing the selection of supplements by nutrition professionals and the 

ideal locations for the purchase of these supplements.  Respondents further added that 

they recommended over-the-counter supplements for patients with lack of insurance 

coverage and felt that a large percentage of their patients could only afford to spend 

less than $5.00 per month out-of-pocket on supplements.  Current formulations of 

renal vitamins cost anywhere from $10 to $30.  Another important barrier that was 
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revealed was both the lack of knowledge or interest that patients have with regards to 

the benefits of supplementation use perhaps indicating that the education that patients 

receive prior to beginning dialysis needs to be re-evaluated.     

In addition to identifying factors that inhibit patients from obtaining and/or 

taking supplements, the respondents were also asked to provide feedback regarding 

what vitamins, minerals, phytochemicals, and/or food components should be included 

in the ideal renal supplement for hemodialysis patients.  When compared to the 

“standard” renal vitamins currently on the market, the majority of practitioners 

indicated that the ideal renal supplement should contain amounts of vitamins C, B-6, 

B-12, and zinc similar to those found in the currently available formulations.  These 

responses were also fairly consistent with the current recommendations for 

hemodialysis patients from the American Dietetic Association.  On the other hand, 

almost half of the practitioners felt that ≥2.5 mg of folic acid should be included in the 

ideal renal supplement, whereas most supplements currently only contain 0.8-1.0 mg. 

Selenium and vitamin E are not typically found in the current renal 

supplements on the market and the majority of the respondents indicated that they 

would like to see at least the Dietary Reference Intake (DRI) amounts included.  

Interestingly enough, the professionals who responded to the survey also specified that 

they would like to see other B-complex vitamins, omega-3 fatty acids, lycopene, 

lutein, resveratrol, CoQ10, and lipoic acid  in a supplement for hemodialysis patients.  

At the moment, additional research is needed to establish therapeutic dosages for some 

of the abovementioned compounds so that practice guidelines can be established.  
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Currently, renal vitamins are available in both prescription and over-the-counter 

formulations, but the majority of practitioners indicated that the ideal daily renal 

supplement should be primarily available over-the-counter at discount chains.  

Limitations of the Study 

 Using a web-based survey allows the instrument to be delivered to study 

participants virtually within a few seconds.  Sending the surveys via the regular mail 

service takes considerably longer time and providing the survey via e-mail allowed 

participants to respond using their computer further reducing some of the respondent-

burden.  However, this method can also be considered a limitation of this study.  

During the final data collection, the contact for the dialysis company did not send the 

link to the survey website in the e-mail that was sent to some of their professionals.  

The mistake was corrected within twenty-four hours; however the confusion may have 

deterred some from responding.  Also, some professionals who are not as familiar with 

using computers or the Internet for the completion of surveys may not have felt 

comfortable with this method.  In retrospect, it may have been a good idea to send 

both “hard” and “electronic” copies.   

Another potential limitation of this study was the wording in some of the 

response choices to questions in the “Ideal Supplement” section.  The majority of the 

questions in this section had an option to select the “standard amount”, which is the 

amount typically found in renal supplement formulations.  However, this was not 

necessarily clarified to participants, which in turn may have resulted in many selecting 

this option as it included the word “standard”.  This wording could possibly have been 
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interpreted by the participants as the current recommendations by the American 

Dietetic Association or National Kidney Foundation.  One way to alleviate this barrier 

would be to include only the amounts and not the actual wording (“DRI”, “standard 

amount”, etc.).  Another limitation was that this study focused on a very specific 

specialty area within the field of nutrition.  As the desired sample was professionals 

working with hemodialysis patients, the pool of participants was limited.  Only certain 

companies and organizations work with hemodialysis patients making it difficult to 

find a large sample.  Two major dialysis corporations were approached; however only 

one agreed to participate.  Also, the survey was not apparently sent to all of the 

nutrition professionals within that company.  Opening up the survey to doctors, 

nurses, and other health professionals may have alleviated this issue. 

Summary 

The purpose of this study was to examine the supplementation practices in 

hemodialysis clinics. Outcomes indicate that further research is undeniably needed to 

explore the “optimal” doses of several vitamins, food components, minerals, 

antioxidants, and phytochemicals for hemodialysis patients.  These findings present a 

depiction of what the professionals working with hemodialysis patients envision as the 

ideal renal supplement. Results from this survey indicate that these professionals 

would like to see the contents of renal supplements expanded to include non-

traditional substances such as omega-3 fatty acids, selenium, phytochemicals, and/or 

food components.   
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Caring for hemodialysis patients is quite a complex process and supplementary 

research is categorically desired to ascertain a broader scope on supplementation 

practices and ideas.  Based on a review of existing literature, it is safe to conclude that 

further research is needed to determine the possible usage of nutrition supplements to 

treat some of the co-morbidities associated with chronic kidney disease.  Some 

substances have been shown to be therapeutic in non-renal failure patients, but the 

impact that they may have on those with chronic kidney disease is unclear.  

Furthermore, dosages used in non-renal failure patients may not be as effective in 

those with renal failure.   

It has also been noted that many who suffer from chronic diseases will use 

complementary and alternative therapies to cope with their co-morbidities.  Therefore, 

those with chronic kidney disease may turn to herbals and other over-the-counter 

products to relieve some symptoms associated with renal disease.  As some of these 

herbals can interact with prescription treatments, an investigation into the uses of 

alternative therapies among renal patients may be warranted.   

In general this study presents typical practices and ideas with regards to the 

supplementation of hemodialysis patients and has generated further questions that 

need to be explored.   
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I. Rationale: 

Chronic Kidney Disease (CKD) affects approximately 20 million Americans 

and the incidence is currently on the rise because of an increase in the prevalence of 

Type II Diabetes which may damage the kidneys. The kidneys perform many 

important functions in the body which include regulating blood pressure, fluid 

homeostasis, serving as a filtering system for wastes, and as an endocrine organ.  

When renal function is impaired beyond a certain point as is seen in later stages of 

CKD, the ability to regulate the excretion of wastes declines and the individual will 

need therapy such as hemodialysis to stay alive.  As hemodialysis is not a perfect 

replacement for the kidneys, people affected with CKD will need to follow a very 

restrictive diet which limits the amounts of fluid, sodium, potassium, and phosphorus 

that they can consume.  These restrictions, in turn may result in dietary deficiencies.  

Furthermore, CKD patients are at an increased risk for developing cardiovascular and 

bone disease.  For these reasons supplementation in this population is necessary to 

overcome deficiencies in the dietary intake and to supplement nutrients that may help 

reduce the risk of chronic disease development.  Currently there are many renal 

supplement formulations on the market containing varying amounts of vitamins and 

minerals.  However none of these supplements contain specific food components such 

as phytochemicals (compound in foods from plants that may reduce the risk for 

chronic disease development) that may be lacking in the CKD patients restricted diet. 

The purpose of this study is to investigate the knowledge and opinions of 

health care professional who work with CKD patients regarding hemodialysis 
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supplements currently in use.  Furthermore, we hope to determine what nutrients these 

professional think should be included in the “ideal CKD supplement”, where it should 

be available for purchase, and how much it would cost.  By determining what the 

current practices are and what the ideas are surrounding the “ideal CKD supplement” 

we will be able to identify gaps in the area of supplementation with regards to dialysis 

patients.  Also, by determining what nutrients and components that healthcare 

providers would like to see in a CKD supplement, we can provide information for 

supplement manufacturers regarding possible improvement in formulation of their 

products.  

II. Subjects: 

a). A survey will be administered to health care professionals who work with CKD 

patients receiving hemodialysis.  The survey will be pilot tested using a group of 

approximately 30 dietitians who work in dialysis centers in the South Plains and Ft. 

Worth areas.  Once tested for validity and reliability the survey will be modified and 

then distributed via E-mail to Registered Dietitians and other health-care practitioners 

such as nurses, physicians and social workers in two of the major dialysis companies, 

Fresnius and Davita.  Approximately 1500 subjects will be contacted by email and 

asked to complete the survey.   

b). Recruitment for the completion of the survey will be done via e-mail.  The link for 

the survey which will be found at www.surveymonkey.com will be given in the e-

mail.   
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III. Procedures: 

a). Subjects will receive the link to complete the survey via e-mail.  Responses will be 

gathered via www.surveymonkey.com for analysis.   

b). No potential risks are anticipated to subjects in the completion of the survey.  

c). No names or confidential information will be obtained through the data collection 

of the survey.    

IV. Adverse events and liability: 

Not applicable 

 

V. Consent Form: 

Not applicable 

 

Attachments: 

See attached questionnaire entitled: Use of Supplements by Patients on Hemodialysis 

 

IRB Revisions 
1. Subjects: (a) Can you clarify how you will obtain the contact information for the 30 

dietitians in the South Plains and Ft. Worth areas? If I understand correctly, the 
contact to 1500 subjects will come from a listserve. (b) Will the survey be conducted 
by email with these 30 participants or do you propose another method?  

 (a) Contact information for the 30 dietitians in the South Plains and Fort Worth 
area will be obtained from a practicing dietitian at a local dialysis company.  The 
practicing dietitian has agreed to forward the request to participate on the 
survey along with the survey link to dietitians that are employed by the same 
dialysis company in these locations via email using the recruitment email and 
link to Survey monkey.    

  
 

2. You need to include in your IRB proposal packet the announcement that you will post 
to the listserve that directs those interested to go to the survey?  
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Fellow Dietitians:  
Many of you strongly support the use of renal vitamins in your dialysis 
population, but your patients may be experiencing a variety of barriers 
in acquiring these. There are also many renal supplements on the 
market containing different amounts of vitamins and minerals, plus 
the areas of phytochemicals and antioxidants have not been fully 
addressed in this population. 
 
I am currently completing the research for my dissertation at Texas 
Tech University, and am offering this survey to more fully explore 
these challenges and opportunities in the provision of optimal nutrition 
care to persons on dialysis. There are 26 questions, and it should 
take less than 15 minutes to complete. All information in the survey is 
confidential and data collected is confidential.  
 
I value your input very much, and hope that you will take a few 
moments to assist me in this important endeavor.  
 
If you have any questions regarding the survey, please contact:  
 
Jennifer L. Sides, MS, RD, LD  
PhD Candidate 
Texas Tech University 
Nutritional Sciences Program 
Box 41162 
Lubbock, TX 79409 
(806)742-3068 
jennifer.sides.ctr@randolph.AF.mil 
 
or  
 
Mallory Boylan, PhD, RD, LD 
Associate Professor 
Texas Tech University 
Nutritional Sciences Program 
Box 41162 
Lubbock, TX 79409 
(806)742-3068 
mallory.boylan@ttu.edu 
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3. Under the Procedures you state that no names or confidential information will be 
obtained but yet you ask for their name on the survey under Demographic 
Information. Please clarify.  

4.  
 I apologize for the error. This has been removed from the survey. 

 
 

5. In both the listserve posting and the Purpose of the Survey wording, you need to 
provide contact information for yourself and possibly for Dr. Boylan. Also, let the 
participants know either that their survey is anonymous or information will be 
confidential. You make this statement in the proposal but it is not present in the 
information that is forwarded to the participants.  

 
 This statement has been added to the materials 

 
 

 
Letter for validation 

Fellow Dietitians:  
 
Many of you strongly support the use of renal multivitamin/mineral supplements 
in your dialysis population, but your patients may be experiencing a variety of 
barriers in acquiring these. There are also many renal supplements on the market 
containing different amounts of vitamins and minerals. In addition, the areas of 
phytochemicals and antioxidants have not been fully addressed in this population. 
 
I am currently in the doctoral program at Texas Tech University and this survey is 
a vital part of my dissertation research. My purpose in offering this survey is to 
more fully explore these challenges and opportunities in the provision of optimal 
nutrition care to persons on dialysis. At this point in time we will need your 
assistance in determining the reliability of the survey.  There are 26 questions, 
and it should take less than 15 minutes to complete. You will be asked to 
complete the survey on two different occasions, approximately two weeks apart.  
In order to measure the reliability of the instrument we need the completion of 
the survey both times.   
 
This survey is completely anonymous. We are not asking for your name on the 
survey, and we have no way of connecting your email address with your 
responses.  I value your input very much, and hope that you will take a few 
moments to assist me in this important endeavor. Please follow the link below to 
the survey. 
 
 
If you have any questions regarding the survey, please contact:  
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Jennifer L. Sides, MS, RD, LD  
PhD Candidate 
Texas Tech University 
Nutritional Sciences Program 
Box 41162 
Lubbock, TX 79409 
(806)742-3068 
jennifer.sides.ctr@randolph.AF.mil 
 
or  
 
Mallory Boylan, PhD, RD, LD 
Associate Professor 
Texas Tech University 
Nutritional Sciences Program 
Box 41162 
Lubbock, TX 79409 
(806)742-3068 
mallory.boylan@ttu.edu 
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Table 3.1 
Modifications Made to Survey from Pilot Data 

Item Revision 
Question 9:  Pill Burden Definition of “pill burden” modified to 

“too many pills taken” to further clarify 
Question 9:  Lack of 
knowledge/understanding of potential 
benefits of supplements 

“understanding” removed 

Question 10:  History of low nutrient 
status 

“history of low” replaced with “poor” 

Question 10:  History of poor nutrient 
intake 

“history of poor” replaced with 
“inadequate dietary” 

Question 10:  Iron status indicators “poor iron status” replaced previous 
option 

Question 10:  Medication interactions Replaced with “interactions with 
medications” 

Questions 11 & 12 “prescribed” replaced with “prescription” 
Question 13 Wording changed in question to read “ 

Other than free samples” versus 
“excluding free samples” 

Question 15 Added “In the last 6 months” to question 
Questions 23 & 24 Deleted “None” and “Other Please 

Specify” 
Question 25 Deleted “It does not matter” 
Question 26 Changed “Any Pharmacy” to 

“Pharmacies”, deleted “In bulk, by the 
case (if OTC)” option as the question 
asked about location for purchase not 
method 
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Question Correlation 

1 1.000** 
4 1.000** 
5 1.000** 
7 0.559* 
8 0.728* 
9cost 0.681* 
9pill 0.400 
9no 0.707** 
9smell 0.535* 
9lack -0.327 
9none 0 responses 
10cost 0.713** 
10insur 0.591* 
10low 0.76 
10poor 0.495 
10hcy 0.733** 
10iron 0.467 
10rx 0.438 
10disease 0.546* 
11free 1.000** 
11otcrenal 0.600* 
11otcnonrenal 0.645** 
11rxrenal 0.040 
11rxinsurance 0.327 
11other 0.650** 
12folic1mg 0.845** 
12folic2.5mg 0.882** 
12otcrenal 0.388 
12otcnonrenal 0.985** 
12none 0.613* 
13 0.217 
14b12 0.591* 
14folic 0.663** 
14hcy 0.719** 
14other 0.823** 
15<$5 0.505 
25$5-10 0.682** 
15$11-30 0.688** 
15cannotafford 0.835** 
16 0.745** 
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17 0.713** 
18 0.514 
19 0.560* 
20retinol 0.537* 
20beta 0.423 
20vitd 0.460 
20tocopherol 0.125 
20mixed 0.705** 
20vitk 0.738** 
21iron 0.577* 
21selenium 0.870** 
21zn -0.058 
22b 0.385 
22other 0.417 
23lycopene 0.354 
23reser 0.423 
23lutein 0.533* 
23omega 0.659** 
23none No responses 
23noopinion 0.659** 
23other No responses 
24lipoic 0.160 
24coq10 0.592* 
24none -0.071 
24noopinion 0 
24other No responses 
25 0.110 
26chain 0.343 
26pharmacy 0.303 
26supermarket 0.772** 
26bulk 0.344 
26online 0.666** 
*=correlation significance @ 0.05 (2 tail) 
**=correlation significance@ 0.001 level (2 tail) 
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