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ABSTRACT  
 
 

 Purpose: The fact that vitamin D deficiency is common in the chronic 

kidney disease (CKD) population is widely known. The majority of hemodialysis 

(HD) subjects undergoing maintenance dialysis have been found to have vitamin 

D levels in the suboptimal range. Vitamin D deficiency is one of many 

abnormalities that predispose the HD patient to bone disease and increased risk 

of fractures. Methods: Subjects in the study were 87 HD subjects with a mean 

age of 59.4±13.6 years. Baseline and post vitamin D supplementation serum 

25(OH)D3, bAP, intact parathyroid hormone (iPTH), and other bone related 

laboratory test results were obtained by chart review. In January 2008, 68 

subjects with suboptimal serum vitamin D levels were provided with one bottle of 

over the counter (OTC) 1000 IU cholecalciferol capsules and were instructed to 

take one capsule per day and post- supplementation were taken after 20 weeks 

of treatment. Results: The mean ± standard deviation (SD) serum 25(OH)D3 

baseline level of subjects was 16.0 ng/mL (normal range 16.0-74.0 ng/mL) and 

44% of subjects had values < 16.0 ng/mL indicating suboptimal vitamin D status. 

The mean ± SD serum 25(OH)D3 level of complaint subjects who took over 40% 

of their vitamin D tablets (n=53) post treatment was 50.9 ± 14.8 ng/mL a value 

considered in normal range. The 25(OH)D3 mean concentration for non-

compliant subjects (n=18) was 22.2 ng/mL from a baseline value of 15.9 ng/mL 

pre treatment. The serum bAP value was < 20 µg/L in 46.7% of subjects and > 
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50 µg/L (indicating high bone turnover) in 12.0% of subjects. Subjects with a 

mean bAP > 50 µg/L had significantly higher levels serum iPTH levels a 

stimulator of bone turnover, compared to the groups with normal and low bAP 

values (ANOVA, p<0.05) but group serum 25(OH)D3, calcium, and phosphorus 

means were not significantly different. Serum 25(OH)D3 levels were not 

significantly correlated to bAP (r = -0.036, p=0.741) or to iPTH (r =0.013, 

p=0.906).  Conclusion: Our study demonstrates that daily supplementation of 

1000 IU cholecalciferol for a period of 20 weeks can effectively increase vitamin 

D levels to normal range (>30 ng/mL) in hemodialysis subjects with vitamin D 

deficiency and/or vitamin D insufficiency. Serum 25(OH)D3 levels in HD subjects 

are not correlated to serum bAP or iPTH.  
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CHAPTER I 

 
INTRODUCTION 

 
 

 Kidney disease has been identified as a risk factor for vitamin D 

deficiency in hospitalized patients, and low levels of 25(OH)D3 have been 

suggested to be a risk factor for hyperparathyroidism in patients with chronic 

kidney disease (CKD). However, little is known about the magnitude of vitamin D 

deficiency in patients with CKD living in the United States (Gonzalez et al., 2004). 

According to Gonzalez et al. (2004), 97% of patients undergoing maintenance 

hemodialysis were found to have vitamin D levels in the suboptimal range. There 

was also no correlation of 25(OH)D3 levels with either parathyroid hormone 

(PTH) or serum albumin values. Levin et al. (2006) reported that from his study of 

1814 hemodialysis subjects, low 1,25(OH)2D3 levels were evident at all 

glomerular filtration rate (GFR) levels: 13% in those with GFR >80 ml/min, and 

>60% in those with GFR <30 ml/min. High PTH values (>65 pm/dl) also occurred 

in 12% of patients with GFR >80 ml/min. Lastly, Ureña et al. (1996) has 

suggested from research that patients with high turnover bone disease (HTBD), 

associated with CKD, have significantly higher plasma bone-specific alkaline 

phosphatase (bAP) levels than patients with normal or low bone turnover 

(N/LTBD). Data such as this indicates that vitamin D insufficiency and deficiency 

are highly prevalent in patients with CKD and may play a role in the development 

of hyperparathyroidism.  
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 From research samples and studies previously conducted such as the 

ones briefly discussed above, I (1.) hypothesize subjects on hemodialysis with 

low levels of 25(OH)D3 will have higher serum levels of bAP and intact 

parathyroid hormone (iPTH) than subjects with normal serum levels of 25(OH)D3. 

I also (2.) hypothesize that hemodialysis subjects with low serum levels of 

25(OH)D3 who are supplemented daily with 1000 IU of over the counter vitamin 

D3 will not only see an increase in their plasma vitamin D levels but will also see 

a decrease in their bAP and iPTH.  
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CHAPTER II 

CHRONIC KIDNEY DISEASE AND BONE DISEASE 

 
Background and Significance  

 Chronic kidney disease damages the kidneys resulting in impaired 

function which has the potential to cause a decrease in overall health. As kidney 

disease progresses, toxins build to a dangerous level in the blood which 

contributes to the decline in overall health. Medscape Today (2008) reports CKD 

can affect people of all ages and with more than 20 million Americans, or 1 in 9 

American adults, living with CKD; it has become a fast growing area in current 

research. Common complications include a rise in the blood concentration of 

urea, creatinine, and phosphate, and other manifestations such as anemia, weak 

bones, malnutrition, fluid and sodium retention, hypertension, vitamin D 

deficiency and neurological damage. Blood concentrations of urea, creatinine, 

and phosphates all increase secondary to a decrease in urine excretion.  High 

blood pressure, known medically as hypertension (HTN), is defined as a systolic 

pressure greater than 140 mm Hg and a diastolic pressure greater than 90 mm 

Hg.  The kidneys regulate the body’s fluid volume, mineral composition and 

acidity by excreting and reabsorbing water and inorganic electrolytes. As the 

kidneys begin to fail, the functions conducted by the kidneys also begin to 

decline. Elevated blood pressure is associated with the kidneys’ inability to 

excrete enough salt to maintain a normal sodium balance, extracellular fluid 

volume and blood volume. The 7th report of the Joint National Committee on 

Prevention, Detection, Evaluation, and Treatment of High Blood Pressure 
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recommends a target blood pressure of less than 130/80 mm/Hg in patients with 

CKD. Kidney failure is not synonymous with end-stage renal disease (ESRD). In 

America, end-stage renal disease is an administrative term based on the 

conditions for health care payment by the Medicare ESRD Program for patients 

treated with dialysis or transplantation (Johnson et al., 2004).  

 Some quick facts regarding chronic kidney disease from the National 

Kidney Foundation (NKF) include: 26 million Americans have chronic kidney 

disease (CKD) and another 20 million more are at increased risk. Snively and 

Gutierrez (2004) report medical and other economic cost of CKD are estimated 

to approach $28 billion annually by 2010, with an additional $90 billion in annual 

costs related to associated increased cardiovascular disease, infections, and 

hospitalizations. Heart disease is a major cause of death for all people with CKD. 

Glomerular filtration rate is the best estimate of kidney function. Hypertension 

may cause CKD and CKD can cause hypertension. Kidney disease is the most 

common cause of secondary hypertension. Persistent proteinuria, a condition in 

which urine contains an abnormal amount of protein, indicates CKD. Lastly, three 

simple tests can detect CKD: blood pressure, urine albumin, and serum 

creatinine.  

 Many CKD patients experience a common complication, anemia which 

is a shortage of red blood cells. Red blood cells carry oxygen to all the cells in 

the body and the body’s cells use oxygen to change the glucose from food into 

energy. As the amount of oxygen reaching the cells begins to decrease, body 

tissues and organs have less energy to perform their jobs. Healthy kidneys 
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produce a hormone called erythropoietin, a glycoprotein produced mainly by the 

peritubular fibroblasts of the renal cortex.  However, as the body senses low 

oxygen levels, it communicates with the kidneys to increase the release of 

erythropoietin (DaVita, 2008). Erythropoietin communicates with bone marrow to 

make more red blood cells and with more red blood cells in the bloodstream 

more oxygen can be transported to the body’s tissues and organs. However, 

once the kidneys become damaged there is a decrease in production of 

erythropoietin which often times is the reason for anemia in CKD patients. 

Without proper regulation of erythropoietin by the kidneys, patients usually 

receive the man-made erythropoietin called EPO. Treatment with EPO helps 

boost patients’ energy levels by increasing the amount of red blood cells and 

hemoglobin (National Anemia Action Council [NAAC], 2008). Snively and 

Gutierrez (2004) report that studies’ results have shown that correction of anemia 

can limit the progression of CKD and possibly lower mortality.  

 Through research it has been determined the normochromic normocytic 

anemia of erythropoietin deficiency is recognized in advanced renal failure but 

not in early renal disease. However, according to Bosman et al. (2001), anemia 

associated with erythropoietin deficiency can occur early in diabetic nephropathy 

before the onset of advanced renal failure, but does not normally occur in non-

diabetic renal disease of similar severity.  

Definitions and Stages 

 The NKF defines chronic kidney disease as kidney damage for three or 

more months, as defined by structural or functional abnormalities of the kidney, 
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with or without decreased GFR, manifested by pathologic abnormalities or 

markers of kidney damage, including abnormalities in the composition of the 

blood or urine or abnormalities in imaging test and/or GFR <60 mL per minute 

per 1.73 m2 for three months or more, with or without kidney damage (Johnson et 

al., 2004).  

 The GFR indicates how much function the kidneys currently have. It may 

be estimated from the amount of creatinine in the blood. Young healthy adults 

should have a normal GFR of roughly 120-130 mL per minute per 1.73 m2 which 

will naturally decline with age. There are five stages of kidney disease: 

 Stage 1  

 The kidneys are damaged; however still maintain normal function and 

GFR. At this stage the GFR is more than 90 mL per minute per 1.73m2. There 

are 5.9 million Americans at this stage, which is roughly 3.3% of the population. 

Interventions to slow the disease progression should be taken at this stage along 

with a focus on reducing the risk factors for cardiovascular disease. 

 Stage 2 

  The damaged kidneys sustain a mild decrease in function. At this stage 

the GFR is between 60-89 mL per minute per 1.73m2. There are 5.3 million 

Americans at this stage, which is roughly 3.0% of the population. There is an 

estimation of disease progression at this stage.  

 Stage 3 

 The kidneys begin to show a moderate decrease in function. At this 

stage the GFR is between 30-59 mL per minute per 1.73m2. There are 7.6 million 



Texas Tech University, Lacey Bollman, December 2008 

 

7 

 

Americans at this stage, which is roughly 4.3% of the population. The Kidney 

Disease Outcome Quality Initiative (K/DOQI) Clinical Practice Guidelines on 

Bone Metabolism Target Levels recommend a phosphorus level of 2.7-4.6 mg/dL 

and a level of 35-70 pg/mL for iPTH during stage 3. Evaluation and treatment of 

disease complications should be implemented at this stage. The NKF K/DOQI 

recommend a decrease in total body phosphorus burden by dietary restriction 

and phosphorus binder therapy and treating elevated PTH with active oral 

vitamin D sterol to recommended target range after serum 25(OH)D3 are > 30 

ng/mL.  

 Stage 4 

 The kidneys suffer a severe decline in function. During stage 4 the GFR 

is between 15-29 mL per minute per 1.73m2. There are 400,000 Americans at 

this stage, which is roughly 0.2% of the population. The NKF K/DOQI Clinical 

Practice Guidelines on Bone Metabolism Target Levels recommend a 

phosphorus level of 2.7-4.6 mg/dL and a level of 70-110 pg/mL for iPTH during 

stage 4. The medical team should be preparing the patient for possible kidney 

replacement therapy such as dialysis or transplantation. The treatment 

recommendations for decreased phosphorus and elevated PTH are the same in 

stage 4 as stage 3.  

 Stage 5 

 The GFR is less than 15 mL per minute per 1.73m2 and the patient 

experiences kidney failure. There are 300,000 Americans at this stage, which is 

roughly 0.1% of the population. The NKF K/DOQI Clinical Practice Guidelines on 
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Bone Metabolism Target Levels recommend a phosphorus level of 3.5-5.5 

mg/dL, a level of 8.4-9.5 mg/dL for calcium, and a level of 150-300 pg/mL for 

iPTH during stage 5. Once the calcium level increases above 10.2 mg/dL it is 

considered hypercalcemia. At stage 5, kidney replacement therapy should be 

taking place if uremia is present. In America, roughly 98% of patients begin 

dialysis when their GFR falls below 15 mL per minute per 1.73m2.  The NKF 

K/DOQI guidelines recommend normalizing serum phosphorus by diet and 

phosphorus binder therapy to recommended range and to limit elemental calcium 

intake from binders to 1500 mg/day. Elevated PTH should be treated with active 

vitamin D sterol to target range of 150-300 pg/mL by intact assay.  

 During an individual’s routine health care visits, the patient should be 

assessed for increased risk of chronic kidney disease based on lifestyle and 

clinical factors. Individuals with diabetes, hypertension, and family history of 

chronic kidney disease are in the high risk groups. African Americans, Hispanics, 

Pacific Islanders, Native Americans, and seniors are also at increased risk. 

Johnson et al. (2004), suggests patients who are determined to be at increased 

risk for kidney disease should undergo testing for markers of kidney damage and 

an estimation of their GFR. These patients who have not been determined to 

have CKD should be educated and informed of a risk factor reduction plan in 

order to reduce chances of developing CKD. Patients who are determined to 

have CKD should be evaluated and treated as specified in the action plan for 

their specific stage of the disease.  
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 According to the NKF, there are four different types of factors 

accompanied by both definitions and examples. The first are Susceptibility 

Factors, which are defined as factors that increase vulnerability to kidney 

damage, such as: age older than 60 years, family history of CKD, reductions in 

kidney mass, low birth weight, United States racial or ethnic minority status, and 

low income or educational level.  Initiation Factors are the second factor, which is 

defined as factors that directly initiate kidney damage, such as: diabetes mellitus, 

high blood pressure, autoimmune diseases, systemic infections, urinary tract 

infections, urinary stones, obstruction of lower urinary tract, and drug toxicity. 

Progression Factors are the third factor, which is defined as factors that cause 

worsening kidney damage and faster decline in kidney function after kidney 

damage has started, such as: higher level of proteinuria, higher blood pressure 

level, poor glycemic control in diabetes or smoking. The last of the four factors 

encompasses  End-Stage Factors, which is defined as factors that increase 

morbidity and mortality in kidney failure, such as: lower dialysis dose (Kt/V), 

temporary vascular access, anemia, low serum albumin level or late referral for 

dialysis.  

Bone Disease 

 Chronic kidney failure is often associated with a variety of bone 

disorders that have generally been defined as renal osteodystrophy. Renal 

osteodystrophy is a bone disease that occurs when the kidneys fail to maintain 

the proper levels of calcium and phosphorus in the blood. The term renal 

osteodystrophy should be used exclusively to define the bone pathology 
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associated with CKD. It is a common problem in people with kidney disease and 

affects 90% of dialysis patients (U.S. Department of Health and Human Services 

[U.S. DHHS], 2005). The bone changes associated with renal osteodystrophy 

can begin several years before symptoms appear in adults with kidney disease 

(U.S. DHHS, 2005).  

 Improving Global Outcomes (KDIGO) sponsored a Controversies 

Conference on Renal Osteodystrophy to (1) develop a clear, clinically relevant, 

and internationally acceptable definition and classification system, (2) develop a 

consensus for bone biopsy evaluation and classification, and (3) evaluate 

laboratory and imaging markers for the clinical assessment of patients with CKD. 

The NKF K/DOQI believes the term should be defined more broadly as a clinical 

entity or syndrome called Chronic Kidney Disease-Mineral and Bone Disorder 

(CKD-MBD). The NKF K/DOQI defines CKD-MBD as a systemic disorder of 

mineral and bone metabolism due to CKD manifested by either one or a 

combination of the following: abnormalities of calcium, phosphorus, PTH, or 

vitamin D metabolism, abnormalities in bone turnover, mineralization, volume, 

linear growth, or strength, or vascular or other soft tissue calcification.  

 In principle, the definition, evaluation, and classification of the mineral 

abnormalities and bone disease in CKD should include all three clinical 

components: serum biomarkers, non-invasive imaging, and bone abnormalities 

(Moe et al., 2006). Unfortunately, to date, there is not a clear definition of renal 

osteodystrophy that incorporates all of these components of disorders in mineral 

and bone metabolism encountered in CKD (Moe et al., 2006). Moe et al. (2006) 
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believes the internal adoption of these recommendations will greatly enhance 

communication, facilitate clinical decision-making, and promote the evolution of 

evidence-based clinical practice guidelines worldwide. The symptoms of renal 

osteodystrophy are not usually seen in adults until they have been on dialysis for 

many years (U.S. DHHS, 2005). Treatment and prevention of renal bone disease 

often includes the use of a phosphate binder and vitamin D analog.  

  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Texas Tech University, Lacey Bollman, December 2008 

 

12 

 

CHAPTER III 
 

 VITAMIN D 
 
 

Background and Significance   

 According to the Office of Dietary Supplements, the 2000-2004 National 

Health and Nutrition Examination Survey (NHANES III) provides the most recent 

data on the vitamin D nutritional status of the United States population. 

Generally, younger people had higher serum 25(OH)D3 levels than older people; 

males had higher levels than females; and non-Hispanic whites had higher levels 

than Mexican Americans, who in turn had higher levels than non-Hispanic blacks. 

Depending on the population group, 1-9% had serum 25(OH)D3 levels < 11 

ng/mL, 8-36% have levels < 20 ng/mL, and the majority (50-78%) have levels < 

30 ng/mL. Among all adults, 20-60% had levels ≤ 20 ng/mL and 90% have levels 

≤ 32 ng/mL. Saab et al. (2007) stated that serum levels of 25(OH)D3 ≥ 30 ng/ml 

are considered normal, and are thought to reflect total body stores of vitamin D.  

The Office of Dietary Supplements considers a serum 25(OH)D3 level <10-15 

ng/mL as inadequate for bone and overall health and serum 25(OH)D3 <11 

ng/mL is associated with vitamin D deficiency and rickets in infants and young 

children. Dr. Daniel Chong, a naturopathic physician in Oregon, reports 32% of 

doctors and medical school students are vitamin D deficient, 40% of the United 

States population is vitamin D deficient, up to 60% of all hospital patients are 

vitamin D deficient, and up to 80% of nursing home patients are vitamin D 

deficient.  
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 The Office of Dietary Supplements (2008) noted that supplemental 

intakes of 400 IU/day of vitamin D increase 25(OH)D3 concentrations by only 2.8-

4.8 ng/mL and that daily intakes of approximately 1,700 IU are needed to raise 

these concentrations from 20-32 ng/mL.  

 The Food and Nutrition Board (FNB) established an adequate intake (AI) 

for vitamin D that represents a daily intake that is sufficient to maintain bone 

health and normal calcium metabolism in healthy people. Adequate intake is 

established when evidence is insufficient to develop Recommended Dietary 

Allowance (RDA) and is set at a level assumed to ensure nutritional adequacy. 

The AIs for vitamin D are based on the assumption that the vitamin is not 

synthesized by exposure to sunlight. The AI recommends 200 IU for both men 

and women aged between 14-50 years old. Between ages 51-70 years an intake 

of 400 IU daily is recommended and for individuals aged over 71 years 600 IU of 

vitamin D should be consumed daily.  

 It was quickly determined during this extensive review of literature that 

there is a severe lack of studies regarding OTC  vitamin D supplementation for 

patients who are either vitamin D deficient or vitamin D insufficient. The lack of 

studies for this topic not only includes CKD patients who are vitamin D 

deficient/insufficient but also non-CKD patients who are vitamin D 

deficient/insufficient. The studies using OTC vitamin D supplementation often 

times used ergocalciferol rather than cholecalciferol throughout their treatment. 

Based on previous studies it has been shown that cholecalciferol may provide a 

fast and larger increase in serum 25(OH)D3 than ergocalciferol. 
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Functions and Biological Actions of Vitamin D  

 The vitamin D endocrine system is an essential component of the 

interactions among the kidney, bone, parathyroid gland, and intestine that 

maintain extracellular calcium levels within narrow limits, a process vital for 

normal cellular physiology and skeletal integrity (Dusso et al., 2005). Vitamin D 

can be obtained either from the diet and/or by skin exposure to sunlight. Vitamin 

D3 is actually a pro-hormone and is not known to have any intrinsic biological 

activity itself. It is not until it has been converted into the active form that 

biologically active molecules are produced. The major biologic function of the fat 

soluble vitamin D is to maintain normal levels of calcium and phosphorus by 

promoting calcium absorption. Vitamin D helps to form and maintain strong 

bones and also works with several other vitamins, minerals, and hormones to 

promote bone mineralization. Without vitamin D, bones can become thin, brittle, 

or misshapen. Vitamin D deficiency is believed to occur due to decreased sun 

exposure, less efficient formation of D3 in the aging skin, and dietary deficiency 

(Saab et al., 2007).  

 Kidney 

 The kidneys maintain tight control over 1,25(OH)2D3 by simultaneously 

suppressing 1-alpha-hydroxylase while also stimulating 24-hydroxylase. 1,25 

dihydroxyvitamin D3  plays a vital role in the homeostasis of both calcium and 

phosphate. 25(OH)D3 1-alpha-hydroxylase is a cytochrome P450 enzyme in the 

proximal tubule which converts 25(OH)D3 to 1,25(OH)2D3. The specific role 

1,25(OH)2D3 plays in each mineral includes: enhancing the re-absorption of both 
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renal calcium and calbindin and accelerating PTH-dependent calcium transport in 

the distal tubule.  

 Bone 

 Vitamin D plays an essential role in the development and maintenance 

of bone. A deficiency of vitamin D at a young age can result in rickets, while a 

deficiency in adulthood can result in osteomalacia. Rickets and osteomalacia are 

the classical vitamin D deficiency diseases.  

 The Office of Dietary Supplements (2008) states that vitamin D 

deficiency in children results in rickets, a disease characterized by a failure of 

bone tissue to properly mineralize, resulting in soft bones and skeletal 

deformities.  The fortification of milk with vitamin D has made rickets a rare 

disease in the United States. Nevertheless, rickets is still occasionally being 

reported among African American infants and children. 

 In adults, vitamin D deficiency can lead to osteomalacia, resulting in 

weak muscles and bones. The Office if Dietary Supplements (2008) states 

symptoms of bone pain and muscle weakness can indicate inadequate vitamin D 

levels, but such symptoms can be subtle and go undetected in the initial stages.  

 Parathyroid Gland 

 Vitamin D helps to regulate the parathyroid function. With deficiency of 

vitamin D there is an increase in PTH synthesis, secretion, and overall growth of 

the parathyroid. For a patient with CKD this can result in secondary 

hyperparathyroidism.  

 



Texas Tech University, Lacey Bollman, December 2008 

 

16 

 

 Intestines 

 Within the small intestines vitamin D helps to enhance the absorption of 

both dietary calcium and phosphate.  

Metabolism of Vitamin D 

After sun exposure, activating vitamin D begins in the skin when 7-

dehydrocholesterol is converted to vitamin D3. The 7-dehydrocholesterol is 

located primarily in the malpighian layer of the skin (Collins & Norman, 2001, 

ch.2).  In the liver, the hepatic enzyme 25-hydroxylase places a hydroxyl group in 

the 25 position of the molecule, resulting in the formation of 25(OH)D3 which is 

the major form of vitamin D circulating in the blood compartment (Houghton & 

Vieth, 2006).  This reaction is the first step in the activation of vitamin D before its 

metabolism in the kidneys.  

Once in the kidneys the second step begins. The 25(OH)D3 is converted 

to produce the two principal dihydroxylated metabolites: 1-alpha-25 

dihydroxyvitamin D3 and 24,25 dihydroxyvitamin D3. There are two key kidney 

enzymes: 25(OH)D3-1-hydroxylase and the 25(OH)D3-24-hydroxylase, as well as 

the liver vitamin D3-25-hydroxylase. Both of the renal enzymes are localized in 

mitochondria of the proximal tubules of the kidneys. Both metabolites are then 

transported to various distal target organs by the vitamin D binding protein 

(DBP). The Handbook of Vitamins (2001) state vitamin D status is thought to be 

the most important determinant of 1-hydroxylase activity in the human body. 

When circulating levels of 1,25(OH)2D3 are low, the production of 1,25(OH)2D3 in 

the kidneys is high, and when circulating levels of 1,25(OH)2D3 are high, 
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synthesis of 1,25(OH)2D3 is low (Collins & Norman, 2001, ch.2). Another 

modulator of renal 1,25(OH)2D3  production is PTH. Parathyroid hormone is 

released when plasma calcium levels are low and in the kidney it stimulates the 

activity of the 1-hydroxylase and decreases the activity of 24-hydroxylase.   

Dialysis patients tend not to convert enough serum 25(OH)D3, into its 

active form, 1,25(OH2)D, and they do not excrete an adequate amount of 

phosphorus through their urine. Two of the many consequences of CKD are 

hyperphosphatemia secondary to low excretion and hypocalcemia secondary to 

low absorption.  

Multiple tissues possess the 1-alpha-hydroxlase enzyme and have been 

shown to synthesize 1,25(OH)2D3. This local production is probably incapable of 

significantly influencing systemic levels of 1,25(OH)2D3, but is thought to lead to 

high local levels which have important autocrine and paracrine effects. According 

to Saab et al. (2007) the rationale for replacement is to ensure sufficient 

substrate for the renal and extrarenal production of 1,25(OH)2D3 in CKD. Some 

of the other tissues 1-alpha-hydroxylase serves include: vascular smooth muscle, 

prostate, and breast among others (Saab et al., 2007). 

According to Houghton and Vieth (2006), vitamin D3 has been shown to 

be more effective than vitamin D2 at raising serum 25(OH)D3 concentrations in 

humans. In humans, previous work has shown that mitochondrial vitamin D 25-

hydroxlase presides and converts vitamin D3 to 25(OH)D3 five times as fast as it 

does vitamin D2 to form 25(OH)D2 (Houghton & Vieth, 2006). 
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Absorption of Vitamin D 

 Vitamin D is absorbed in the small intestine with the aid of bile salts; the 

specific route of absorption is via the lymphatic system and its associated 

chylomicrons. It has been reported that only 50% of a dose of vitamin D is 

actually absorbed. However, the Handbook of Vitamins (2001) state considering 

that sufficient amounts of vitamin D can be produced daily by exposure to 

sunlight, it is not surprising that the body has not evolved a more efficient 

mechanism for vitamin D absorption from the diet.  

Transport of Vitamin D  

Vitamin D metabolites are lipophilic molecules with low water solubility 

that must be transported bound to plasma proteins. The most significant of these 

many transport proteins is the DBP. However, the actual site of transfer of 

vitamin D from the chylomicrons to its specific plasma carrier protein, DBP, is 

unknown. According to Dusso et al. (2005), plasma levels of DBP are 20 times 

higher than the total amount of vitamin D metabolites and more than 99% of 

circulating vitamin D compounds are protein bound, mostly to DBP. Vitamin D 

binding protein is a globulin protein with a molecular weight in humans of 58,000 

(Collins & Norman, 2001, ch.2). Collins and Norman (2001) also state DBP is a 

bifunctional protein, responsible both for the transport of vitamin D and its 

metabolites as well as functioning as a scavenger for actin which may be 

inappropriately present in the plasma. Albumin and lipoprotein contribute; 

however, it is on a much lesser scale. Vitamin D that is bound to DBP has limited 

access to target cells, resulting in the vitamin D being less susceptible to hepatic 
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metabolism and biliary excretion which leads to a longer circulating half-life 

(Dusso et al., 2005). Vitamin D binding protein appears to buffer the free levels of 

active vitamin D compounds, guarding against vitamin D intoxication (Dusso et 

al., 2005). Vitamin D binding protein can be reduced by liver disease, nephritic 

syndrome, and malnutrition, however, DBP is not regulated by vitamin D. Vitamin 

D binding protein is also known to increase during pregnancy, lactation, and 

estrogen therapy. When DBP levels change, concentrations of free 1,25(OH)2D3 

remains constant.  Once inside the cells, DBP is degraded, releasing 25(OH)D3 

for metabolism by 1-alpha-hydroxylase or 24-hydroxylase.  

Storage of Vitamin D 

 It is well known that vitamin D is taken up rapidly by the liver. Collins and 

Norman (2001) states that the liver was believed to be the main storage site for 

vitamin D since the liver serves as a storage site for retinol, another fat soluble 

vitamin. However, it has since been shown that blood has the highest 

concentration of vitamin D, in comparison with other tissues. Collins and Norman 

(2001) discuss studies carried out in humans on the distribution and storage of 

vitamin D and its metabolites. In human tissue, adipose tissue and muscle were 

found to be major storage sites for vitamin D. These studies also indicated that 

adipose tissue serves predominantly as the storage site for vitamin D3 and that 

muscle also serves as the storage site for 25(OH)D3.  

Catabolism and Excretion 

 The catabolic pathway for vitamin D is vague, but it is known that the 

excretion of vitamin D and its metabolites happens mainly in the feces with the 
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aid of bile salts and that very little is seen in the urine. Collins and Norman (2001) 

discuss studies in which radioactively labeled 1,25(OH)2D3 was administered to 

humans and showed that 60-70% of the 1,25(OH)2D3 was eliminated in the 

feces. They continue by explaining that within five minutes, only half of an 

administered dose of radioactive 1,25(OH)2D3 remains in the plasma and that a 

slower component of elimination has a half life of about ten hours.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Texas Tech University, Lacey Bollman, December 2008 

 

21 

 

CHAPTER IV 
 

PARATHYROID HORMONE AND BONE SPECIFIC ALKALINE PHOSPHATASE 
 
 

Function and Biological Actions of Parathyroid Hormone and Bone Specific 
Alkaline Phosphatase  
 

 The NKF’s Clinical Guide to Bone and Mineral Metabolism in CKD (2006) 

notes the vast majority of CKD patients on dialysis have some degree of 

secondary hyperparathyroidism (SHPT) that begins in the early stages of CKD 

and progresses as CKD advances. This NKF guide (2006) also discusses 

parathyroid hormone as the major regulator of calcium transport in the distal 

tubule of the kidney, promoting tubular calcium reabsorption and diminishing 

calcium excretion, along with playing a significant role in bone metabolism and 

mineral homeostasis. Lastly, the NKF guide (2006) explains that the 

development of SHPT results from multiple factors including deficiency of 

1,25(OH)2D3, retention of phosphorus, a decrease in expression of the calcium-

sensing receptor in the parathyroid gland, and skeletal resistance to the 

calcaemic action of PTH.  

 The NKF’s Clinical Guide to Bone and Mineral Metabolism in CKD (2006) 

explains secondary hyperparathyroidism to be associated with high turnover 

bone disease (HBTD) in many patients; nevertheless, some patients do develop 

low turnover bone disease (LTBD) associated with low levels of PTH. When a 

drop in serum calcium has been sensed, the PTH is released into the blood to 

increase calcium within the blood through several methods, one being pulling 

calcium out of the bones into circulation. The initial increase in PTH levels 
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stimulates phosphorus excretion and 1,25(OH)2D3  production, and corrects for 

hypocalcemia. However, at advanced stages of CKD, increased PTH production 

can no longer prevent the development of hyperphosphatemia and 1,25(OH)2D3 

deficiency (NKF, 2006). According to Yeung et al. (2004), secondary 

hyperparathyroidism is the most frequent pattern of renal osteodystrophy, and is 

caused by several interrelated factors, such as hypocalcemia, 

hyperphosphatemia, and 1,25(OH)2D3 deficiency. 

 If the underlying cause of the hypocalcemia and hyperphosphatemia 

can be addressed the hyperparathyroidism will resolve. In patients with CKD, the 

treatment consists of dietary restriction of phosphorus, supplements with the 

active form of vitamin D, supplements of calcium, and phosphate binders.    

Doxercalciferol (also known as Hectorol) is a prescribed form of active 

vitamin D. According to Genzyme Corporation (2008), who produces the drug, 

doxercalciferol differs from supplements sold at drug and health-food stores 

since it works without having to be metabolized by the kidneys. When 

administered doxercalciferol is inactive, however, when released from the liver it 

is the active form of vitamin D. Doxercalciferol helps the body retain a balance of 

calcium and phosphorus which in turn helps to control the parathyroid hormone 

(PTH) while also helping to keep bones healthy. According to data from 

Genzyme Corporation, in patients who received doxercalciferol injections 94% 

achieved a reduction in PTH of at least 30%. Furthermore, in patients who 

received doxercalciferol 2.5 mcg capsules, 95% also achieved an iPTH reduction 

of at least 30% or more. Of the patients who received doxercalciferol 2.5 mcg 
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capsules, Genzyme Corporation reports that 77% achieved the NKF K/DOQI 

target for PTH control (>300 pg/mL). It was also reported that doxercalciferol 

patients had a low incidence of both hypercalcemia and hyperphosphatemia. 

Patients receiving doxercalciferol injections had a 1% incidence if hypercalcemia 

and a 3.7% incidence of hyperphosphatemia. Those taking doxercalciferol 2.5 

mcg capsules had a 3.1% incidence if hypercalcemia and a 2.0% incidence of 

hyperphosphatemia. 

Ferreira (1998) reports that alkaline phosphatase is a glycosylated 

protein produced by at least five different organs: liver, bone, kidney, intestine, 

and placenta.  Bone specific alkaline phosphatase is recognized as an important 

serum marker of bone turnover for patients with CKD.  Ureña et al. (1996) also 

reports plasma bAP has been demonstrated to be more reliable than total 

alkaline phosphatase (tAP) in providing information about bone turnover in 

patients with metabolic bone diseases. Couttenye et al. (1996) describes tAP as 

a marker of osteoblastic function to have poor diagnostic performance for renal 

osteodystrophy in comparison with iPTH.  Ferreira (1998) and Yeung et al. 

(2004), both report bAP, exclusively produced by osteoblasts and osteoblast 

precursors, seems to be essential for the processes of mineralization and bone 

formation and its plasma concentrations depends on the rate of release from 

osteoblasts and the rate of hepatic degradation.  Bone specific alkaline 

phosphatase catalyzes the hydrolysis of phosphate esters, thereby enhancing 

mineralization by the hydrolysis of pyrophosphate, which is an important inhibitor 

of mineralization, and by providing a high phosphate concentration at the 
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osteoblastic surface (Yeung et al., 2004). Bone specific alkaline phosphatase is 

neither dialyzable nor filterable by the kidneys; therefore, its plasma 

concentration is not modified by variations in renal formation (Yeung et al., 2004).  

In a study performed by Pablo Ureña and colleagues (1996), they 

concluded patients with HTBD had significantly higher plasma bAP levels than 

patients with normal or low bone turnover. Ureña et al. (1996) also reports 

plasma bAP levels ≥ 20 g/L, either alone or combined with plasma iPTH of 200 

pg/mL, had the highest sensitivity, specificity, and predictability values for the 

diagnosis of HTBD. In this study, plasma bAP was measured with a new direct 

immunoradiometric method (IRMA), recently developed by Hybritech, the same 

methodology used in this present study (Ureña et al., 1996).  In another study, 

Ferreira (1998) found that 42 hemodialysis patients showed that plasma bAP 

(measured with IRMA) was better correlated with bone formation and bone 

resorption histomorphometric parameters than iPTH or tAP. The author also 

found that values of bAP > 20 g/L have a sensitivity of 100% and a specificity of 

100% for the diagnosis of HTBD. According to Couttenye et al. (1996), to be of 

value in the diagnosis of renal osteodystrophy, biochemical markers should have 

good specificity and sensitivity especially in the lower concentration range.  

Chronic kidney disease is often linked with bone disorders, commonly 

known as renal osteodystrophy. Renal osteodystrophy includes all the disorders 

of bone and mineral metabolism caused by CKD, such as: secondary turnover 

osteomalacia, low turnover osteomalacia, high turnover osteomalacia, and 

adynamic bone disease. Determining bone disease requires a biochemical 
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marker that is specific to bone and reflects the total skeletal activity. Bone 

turnover reflects the rate of skeletal remodeling, which is normally the coupled 

process of bone resorption and bone formation. Bone formation rates and 

activation frequency represent acceptable parameters for assessing bone 

turnover (Moe et al., 2006). Bone turnover is affected mainly by hormones, 

cytokines, mechanical stimuli, and growth factors that influence the recruitment, 

differentiation, and activity of osteoclasts and osteoblasts. Moe et al. (2006) also 

states an imbalance in these processes can affect bone volume; for example, 

excess resorption over formation will lead to negative bone balance and 

decreased bone volume.  

High-Turnover Bone Disease 

 Secondary hyperparathyroidism is a worldwide complication with patients 

with CKD. Couttenye et al. (1996) explains that iPTH has been described to have 

good predictive values for diagnosing either adynamic bone disease (ABD) or 

severe hyperparathyroidism, or distinguishing between patients with the low 

turnover lesion of renal osteodystrophy from those with secondary 

hyperparathyroidism. Recently however, Couttenye et al. (1996) pointed towards 

the weakness of iPTH as a marker of bone turnover in renal osteodystrophy.  

Abnormal calcium, phosphorus and vitamin D metabolism play a vital role 

in the development of SHPT and renal osteodystrophy in CKD. During CKD the 

parathyroid gland becomes hyperplastic, which in part is a result of the chronic 

hypocalcemia, which is involved in vitamin D deficiency. 
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 The Role of Calcium 

 The major factor involved in the regulation of PTH secretion is the 

concentration of ionized calcium in the extracellular fluid. Hypocalcemia 

stimulates PTH release directly by inactivating the calcium-sensing receptor 

(CaR) causing plasma PTH concentrations to increase within seconds 

suggesting that calcium acts directly on the plasma membrane.  The second 

response happens, several hours later, when the newly created PTH is available 

for secretion after a long decrease in extracellular ionized calcium. After several 

days the third and last response takes place, which is an increase in parathyroid 

cell growth and number in response to hypocalcemia, resulting in elevation in 

PTH secretion. Goodman (2003) states that hypocalcemia must be avoided, in 

order to steer clear of several compensatory responses that can lead to excess 

PTH synthesis and secretion and, ultimately, to avoid SHPT in patients with 

CKD. The hyperplastic parathyroid glands show less sensitivity to calcium than 

does the normal tissue (Slatopolsky, 1998).  

 Since an abnormal albumin is commonly seen in dialysis patients 

corrected calcium often is a useful tool to use. Corrected calcium level can be 

derived when albumin is abnormal. The purpose of corrected calcium is to adjust 

the value to account for variations in serum calcium as a result of the changes in 

the albumin-bound calcium. Serum values of calcium tend to change depending 

on the serum value of albumin. Albumin is a protein that calcium is bound to in 

the serum. When albumin is low there is less for the calcium to bind to, therefore, 
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causing calcium to look falsely low.  Basically, the corrected calcium gives the 

health care team an estimate of the calcium level if the albumin was normal. Jain, 

Bhayana, Vlasschaert, and House (2008) state the formula used to determine 

corrected calcium as: Corrected calcium (mg/dL) = measured total Ca (mg/dL) + 

0.02 (40 –serum albumin [g/L]).  

 Goodman (2003) states that hypocalcemia has been a common 

biochemical finding in people with CKD and especially in those first starting 

dialysis before the now widespread use of calcium containing phosphate-binding 

medications and active vitamin D. Since CKD patients need to restrict dietary 

phosphorus, to reduce phosphorus retention, the amount of dairy products 

consumed is very limited. Chronic kidney disease patients typically have a low 

calcium intake since dairy products are a good source of calcium. Goodman 

(2003) continues by describing why CKD patients also struggle with low calcium 

due to the decreased intestinal absorption secondary to the deficiency in renal 

1,25(OH)2D3 production and decreased vitamin D-dependent intestinal calcium 

transport. The combination of both the decreased intake of calcium and the 

decreased ability to absorb it adequately in the intestines often times leads to 

hypocalcemia unless specific corrective measures are taken.  

 According to The Clinical Guide to Bone and Mineral Metabolism in CKD 

(2006), osteitis fibrosa is caused by SHPT and is the classic histological bone 

disorder in CKD that historically is the most common form of renal 

osteodystrophy. It is characterized by marrow fibrosis and an increased rate of 

bone turnover, including increases in both bone resorption and formation. The 
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increased resorption is caused by an increase in the number and activity of 

osteoclasts. The increased bone formation is characterized by increases in 

osteoblasts and osteoid deposition.  

 The Role of Phosphate Retention 

 The mechanisms by which phosphorus retention plays a role in SHPT are 

both complex and controversial. The mechanisms considered are: (i) a 

phosphorus-induced decrease in 1,25(OH)2D3 levels, (ii) phosphorus-induced 

hypocalcemia; and (iii) phosphorus-induced hyperparathyroidism (Slatopolsky, 

1998). All three of these mechanisms are closely interrelated and are not 

mutually exclusive. Phosphorus regulates the production of 1,25(OH)2D3 by 

altering the renal enzyme, 25(OH)D3-1-alpha-hydroxylase, and it is possible that 

the effect of phosphorus retention is mediated by a decrease in the synthesis of 

1,25(OH)2D3. Slatopolsky (1998) demonstrated that, in patients with moderate 

renal insufficiency, phosphate restriction increased plasma 1,25(OH)2D3 while 

also normalizing plasma PTH. This author also goes on to state the effect of 

phosphate on the 1-alpha-hydroxylase in early renal insufficiency may not be 

responsible for the development of hypocalcemia that may be seen in patients 

with advanced kidney failure and severe hyperphosphatemia. As renal mass 

decreases the production of 1,25(OH)2D3 becomes more and more limited. Diets 

high in phosphorus may increase cell growth of parathyroid glands in patients 

with CKD. However, diets low in phosphorus may improve SHPT and are not 

associated with an increase in 1,25(OH)2D3 or plasma ionized calcium.  
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 The Role of Vitamin D  

 During kidney failure vitamin D undergoes production changes, altered 

metabolism, a decrease in the number of receptors, and a resistance to the 

normal actions of vitamin D. Levin et al. (2007) explains how 1,25(OH)2D3 

deficiency plays a major role in the development of SHPT as 1,25(OH)2D3 

deficiency promotes parathyroid gland growth (hyperplasia) and increased PTH 

synthesis through loss of the ability to up regulate vitamin D receptor expression 

with parathyroid cells. The end result is elevated serum PTH and abnormal 

calcium and phosphorus.   

Low-Turnover Bone Disease 

Adynamic bone disease was recently described to be increasingly 

prevalent in the dialysis population (Couttenye et al., 1996). Adynamic bone 

disease, increasingly identified as a significant form of renal osteodystrophy, is 

likely to be associated with reduced BMD, though concrete data is lacking (Taal 

et al., 1999). The Clinical Guide to Bone and Mineral Metabolism in CKD 

characterizes ABD by a low number of osteoblasts, with the osteoclast number 

usually being normal or reduced. The sites of new bone formation are greatly 

reduced, mineralization is decreased, and osteoid thickness is normal. Adynamic 

bone has become increasing more common in CKD patients on maintenance 

dialysis. The Clinical Guide to Bone and Mineral Metabolism in CKD states that 

as many as 40% of adults patients on hemodialysis have bone biopsy evidence 

of adynamic bone.  
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 Risk factors for ABD include diabetes mellitus, age, and aluminum 

accumulation, all of which have been associated with relatively low PTH levels. 

The Clinical Guide to Bone and Mineral Metabolism in CKD also states that in 

some patients, the relative PTH deficiency may be a direct result of over-

suppression from vitamin D and/or calcium supplementation. Recently ABD has 

simply been described as a form of low turnover bone disease secondary to over 

treatment of hyperparathyroidism with a combination with both calcium binders 

and vitamin D.  

 It has been reported that patients of ABD have fewer musculoskeletal 

symptoms compared to patients with hyperparathyroidism bone disease (NKF, 

2006). However, there is also evidence that suggests ABD may contribute to 

skeletal fractures in patients on dialysis. One study in The Clinical Guide of Bone 

and Mineral Metabolism noted the risk of vertebral fracture was 22% greater in 

those whose PTH values that were in the lowest tertile. The second study 

mentioned in The Clinical Guide of Bone and Mineral Metabolism found the 

incidence of hip fractures was higher in patients with lower plasma PTH levels.  

 According to Taal et al. (1999), renal osteodystrophy may result in 

considerable morbidity for patients with ESRD. Secondary hyperparathyroidism, 

ABD and osteomalacia, the main bone problems in CKD, may all be responsible 

for a reduction in bone mineral density (BMD). 
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CHAPTER V 
 

 RECOMMENDATIONS  
 
 

National Kidney Foundation Guidelines  

In February 2002, the Kidney Disease Outcome Quality Initiative (K/DOQI) 

of the NKF published clinical practice guidelines for bone metabolism in CKD 

(Johnson et al., 2004). The goals of the Work Group that developed the 

guidelines were as follows: to define CKD and classify its stages, regardless of 

the underlying cause; to evaluate laboratory measurements for clinical 

assessment of kidney disease; to associate the level of kidney function with the 

complications of CKD; and to stratify risk for the loss of kidney function and the 

development of cardiovascular disease (Johnson et al., 2004).  

 According to Johnson et al. (2004), the NKF Work Group defined two 

principle outcomes of CKD; progressive loss of kidney function and development 

of complications, particularly cardiovascular disease. One well known outcome of 

kidney disease has long been known as progressive loss of kidney function over 

time in most patients with CKD. The NKF guidelines are based on an extensive 

literature review using an approach adapted from the one used by the Agency for 

Healthcare Research and Quality. The NKF created a format for determining the 

strength of evidence evaluating the study size, applicability, results, and 

methodological quality. Furthermore, each statement was graded according to 

the supporting level of evidence (Johnson et al., 2004).  

 Johnson et al. (2004) states that while developing the guidelines, 18,153 

abstracts were screened, 1,045 articles were reviewed, and results were 
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extracted from 367 articles. Johnson et al. (2004) goes on to explain that many 

rationale statements are based on a structured review of evidence specifically for 

the guidelines (NKF grade S or C); however, most guidelines are based in part 

on unstructured review of opinion.  

 A current critical barrier in the treatment of vitamin D insufficiency and 

vitamin D deficiency in CKD patients is that the 2003 NKF K/DOQI guidelines do 

not provide recommendations that are as specific for over the counter vitamin D 

supplementation in stage 5 as they do for both stage 3 and 4 CKD. However, the 

guidelines do state that patients treated with hemodialysis or peritoneal dialysis 

with serum levels of iPTH levels >300 pg/mL should receive an active vitamin D 

sterol to reduce the serum levels of PTH to a target range of 150 to 300 pg/mL. 

The guidelines also suggest if 25(OH)D3 levels are <15 ng/mL patient should be 

given 50,000 IU weekly for 4 doses and then monthly for 4 doses. If 25(OH)D3 

levels are 15-30 ng/mL, 50,000 IU monthly times six are recommended (NKF, 

2006).  

 According to the Guidelines for Bone Metabolism and Disease in CKD, 

there is no evidence that modest supplementation of ergocalciferol: will raise 

serum 25(OH)D3 levels to 30-60 pg/mL,  will actually increase plasma levels of 

1,25(OH)2D3, or  lower the elevated serum levels of iPTH in stage 5. 

Nevertheless, in CKD patients, there is a strong likelihood that such a treatment 

could have a benefit. However, there is a lack of both data and studies to support 

this theory.     
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Prevention and Treatment 

According to Drueke (2002) in the treatment of SHPT, there are no 

proven differences in efficacy between oral and intravenous administration of 

vitamin D compounds, or between daily and intermittent administration. However, 

according to the NKF K/DOQI guidelines for bone metabolism (2002), the 

intermittent, intravenous administration of 1,25(OH)2D3 is more effective than 

daily oral 1,25(OH)2D3 in lowering serum PTH levels. This is another example of 

how there is more research needed in this field. Also, as a consequently vitamin 

D derivatives can easily induce hypercalcemia and hyperphosphatemia. 

According to Yeung et al. (2004), under normal conditions, bone formation and 

bone resorption are coupled to each other, and the long term maintenance of 

bone mineral balance is achieved through the intricate actions of systemic 

hormones and local mediators.  

 The NKF K/DOQI guidelines for bone metabolism (2002) suggest a 

prospective, controlled clinical trial with the daily administration of ergocalciferol 

in a monthly amount equivalent to 1,000-2,000 IU/day, which are clearly 

reasonable in patients undergoing dialysis, to assess the effects on serum levels 

of intact PTH, serum 1,25(OH)2D3 levels, and even bone mineral density. 

Corrected total calcium values exceeding 10.2 mg/dL should result in 

discontinuing ergocalciferol or cholecalciferol therapy. Also, serum phosphorus 

levels which exceed 4.6 mg/dL need either additional or increased doses of 

phosphate binders. In addition, iPTH serum levels may be decreased 

significantly and cause bone turnover to lower dramatically. For these reasons, 
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serum levels of calcium, phosphorus, and iPTH must be monitored allowing for 

evaluations and adjustments.  

 Saab et al. (2007) performed a review of the prevalence of vitamin D 

deficiency and the safety and effectiveness of ergocalciferol oral supplementation 

in hemodialysis patients. The subjects were given one monthly 50,000 IU oral 

dose of ergocalciferol for six months. Since there is data showing that multiple 

tissues possess the 1-alpha-hydroxlase enzyme and have been shown to 

synthesize 1,25(OH)2D3, the researchers in this study had cause to give oral 

ergocalciferol even though hemodialysis patients tend not to be able to convert 

25(OH)D3 to its active form 1,25(OH)2D3. With this approach the study found a 

mean baseline serum 25(OH)D3 level of 16.7 ± 8.3 ng/ml which rose to a mean of 

53.6 ± 16.4 ng/ml after six months. 

 In the study just mentioned, data on epoetin was also analyzed in the 

cohort. Saab et al. (2007) reported the weekly epoetin dose was reduced in 64% 

of patients, increased in 28% of patients, and remained stable in 8% of patients. 

This study also reported patients with baseline 25(OH)D3 levels <20 ng/ml 

appeared to exhibit the greatest benefits. The authors concludes that it is 

possible that supplementation with ergocalciferol may have contributed to 

improved responsiveness to epoetin locally in the bone marrow.  

 In this same study, the authors explain that the link between 

erythropoiesis and adequate vitamin D levels may be the role of hematons. 

Hematons are low density, floating layers of bone aspirate, and contain cellular 

aggregated of erythroid precursors, fibroblasts, endothelial cells, preadipocytes, 
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lipid laden cells and resident macrophages. Hematons are nearly uniformly 

present in normal bone marrow, but are rare in such conditions as 

myelodysplastic syndrome, suggesting a crucial role in hematopoiesis (Saab et 

al., 2007). The authors found hematons to contain a significantly higher 

concentrations of 25(OH)D3 and 1,25(OH)2D3 than bone marrow plasma, with 

concentrations of 1,25(OH)2D3 reported to be about 500 times higher than in 

bone marrow plasma. This data suggest local production of 1,25(OH)2D3, and 

therefore inadequate 25(OH)D3 substrate may limit erythropoiesis.  

Potential Supplemental Benefits  

The treatment of vitamin D deficiency when present in CKD patients is 

necessary since such therapy may lessen or prevent SHPT in the early stages of 

CKD, which in turn may decrease the incidence of bone fractures in patients 

treated with dialysis. Saab et al. (2007) believes treatment of vitamin D deficiency 

may increase systemic and local production of 1,25(OH)2D3, even in CKD. On 

the other hand, NFK’s Clinical Guide to Bone and Mineral Metabolism in CKD 

(2006) points out a potentially major side-effect of vitamin D treatment is 

increased intestinal absorption of calcium and phosphorus which can produce 

hypercalcemia and aggravate hyperphosphatemia. However, the above study 

(Saab et al., 2007) did not show an increase in serum calcium levels.  

Recent intensive research has focused on developing non-

hypercalcemia vitamin D compounds (Drueke, 2002). Brown et al. (2002) states 

that overall prevention and treatment of SHPT requires both the control of serum 

phosphate and the restoration of 1,25(OH)2D3  levels. Replacement therapy with 
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1,25(OH)2D3 has been used with success, but is often precluded by the narrow 

therapeutic window for suppression of PTH without hypercalcemia, especially 

when combined with oral calcium. For these reasons, analogues of vitamin D that 

retain the direct suppressive effect of 1,25(OH)2D3 on the parathyroid glands but 

that have lower calcaemic and phosphatemic activity could provide a safer and 

more effective means of controlling SHPT (Brown et al., 2002).  

Bone specific alkaline phosphatase is recognized as an important serum 

marker of bone turnover for patients with CKD. Ureña et al. (1996) and the NFK’s 

Clinical Guide to Bone and Mineral Metabolism in CKD (2006) both report that 

plasma bAP has been demonstrated to be more reliable than tAP in providing 

information about bone turnover in patients with metabolic bone diseases.  
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CHAPTER VI 
 

 METHODS AND PROCEDURES  
 
 

Subjects  

 A study conducted of 87 subjects that were maintained on chronic 

hemodialysis at the South Plains Kidney Disease Center (SPKDC) in Lubbock, 

Texas from November 2007 through May 2008. Laboratory measurements 

began in November; however supplementation for the qualified subjects did not 

begin until January 2008. The supplementation period was 20 weeks, resulting in 

the final laboratory draws being taken in May 2008. Of the 87 subjects included 

in the analysis, 53 subjects were determined to be compliant and completed the 

entire study, 18 were deemed non-compliant and 16 subjects did not receive the 

OTC vitamin D supplement as per the dialysis center protocol as their initial 

vitamin D status was considered normal as their serum 25(OH)D3 was greater 

than 30 ng/mL. Starting in January 2008, 68 subjects were provided with one 

bottle of 1000 IU Vitamin D capsules and were instructed to take one capsule per 

day. The management of their secondary hyperthyroidism and anemia was 

directed by facility guidelines, as were all other standard laboratory draws. All 

information provided to the researchers by the SPKDC staff followed standard 

procedures of patient privacy, protecting health information along with all 

information being unidentified. The study was approved by the Human Subjects 

Committee of Texas Tech University and by Fresenius Medical Care, N.A. prior 

to the data base acquisition. 
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A total of 87 hemodialysis subjects participated in the study. All the 

subjects met the criteria for participation in the current study. All subjects had a 

wet body weight, a dry body weight, height, and age recorded. For all 

participating subjects, Quetelet’s body mass index (BMI) was calculated by 

dividing weight in kilograms by height squared in meters (kg/m2). Statistical 

significance was set a priori alpha level p<0.05.  

 Biochemical Evaluation 

 In November 2007, all 87 subjects at SPKDC had both of the following 

new laboratory values measured for baseline: serum 25(OH)D3 and bAP. The 

bAP and 25(OH)D3 were a new additions to the routine battery of tests at the 

dialysis center and were thus the focus of this study. In addition to these two new 

measurements, the SPKDC draws the patient’s calcium, phosphorus, and iPTH 

every 3 months which follows standard NKF K/DOQI Guidelines. All blood 

samples were taken pre-dialysis as per standard laboratory procedures and 

transported to the Spectra Laboratories Inc., (Rockleigh, New Jersey) with 

specific guidelines for both. As per the protocol, Louise Clement, MS, RD/LD, 

CSR at the SPKDC of Lubbock, Texas over saw the application of the treatment 

protocol, gathering of laboratory and other data, and recording of data in the 

clinical data base as per her routine duties at the SPKDC. Based on current NKF 

K/DOQI guidelines, serum 25(OH)D3 below 30 ng/mL  is considered low, 

therefore, subjects at and/or below this mark were instructed to take a 

commercial tablet containing 1000 IU of vitamin D3 per day. Subjects took the 

vitamin D3 supplementation therapy for 20 weeks, then bAP and 25(OH)D3 were 
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re-measured in May 2008 to determine the outcomes of the therapy. This study 

was designed to evaluate data collected as a matter of routine practice at the 

SPKDC after implementation of a new protocol related to vitamin D. Louise 

Clement, MS, RD/LD, CSR had all 68 patient’s serum calcium levels, phosphorus 

levels, vitamin D, iPTH levels, alkaline phosphatase, and bAP levels in her 

database and all information was transferred from her computer into an excel list 

which was created and used to analyze data with the help of Mallory Boylan, 

PhD, RD/LD.  

Compliance  

 Subjects were provided with vitamin D tablets by Louise Clements MS, 

RD/LD, CSR. After the 20 weeks trial period, subjects were asked to return their 

pill container with any remaining vitamin D pills returned pills were counted. 

Subjects taking less than 40% of the tablets were deemed non-complaints along 

with subjects whose post supplementation serum 25(OH)D3 levels were less than 

30 ng/mL. These subjects were considered as a separate group for post 

supplementation data analysis purposes.  
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 Subject numbers: 87 hemodialysis subjects 

Age: 59.4 ±13.6 years 

Ethnic Background: Hispanic (47%), White (31%), and Black (21%) 

Social Economic Status: Varies  

 Exclusion Factors:  

Subjects without both pre and post 25(OH)D3 levels were excluded 

from the study, along with subjects who had a pre 25(OH)D3 value       

> 30 ng/mL.  

 Hazards: None, these are non-invasive lab tests 

Vitamin D, 25(OH)D3 

o How data was collected: Serum or plasma and must be refrigerated 

for transport 

o Volume: 0.5 mL and 0.3 mL minimum  

o Dosage: 1 pill/day of over the counter 1000 IU vitamin D from Wal-

Mart and Sam’s 

 Type/brand of vitamin supplements: Over the counter  

Wal-Mart: Spring Valley High-Potency vitamin D, 200 pills/bottle, 

$4.48/bottle or $0.02/ pill 

Sam’s: Member’s Mark vitamin D, 400pills/bottle, $4.68/bottle or 

$0.01/pill 

Both the Sam’s and Wal-Mart version contain 120 mg calcium as 

dicalcium phosphate per tablet 

 Methodologies: Immunochemiluminometric (ICMA)  
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o Limitations: Values of vitamin D vary with exposure to sunlight and 

there are also variations during the menstrual cycle (which should 

not apply to our subjects since the average age is post-

menopausal).  

o Benefits: The accuracy of 25(OH)D3 is not compromised when 

compared to other vitamin D metabolites such as 24, 25, 25,26, 

and 1,25(OH)2D3 since these are insignificant  

 Information on methods used by the lab for: 

o  25(OH)D3: Once in the circulation, vitamin D is metabolized to 

25(OH)D3 by the liver. The 25(OH)D3 form of the hormone is the 

principle circulating reservoir in plasma and is generally the best 

indicator of overall vitamin D status.  

Bone-Specific Alkaline Phosphatase  

o How data was collected: Serum and must be frozen if 

transportation will exceed 48 hours  

o Volume: 1.0 mL and 0.5 mL minimum  

o Methodologies: Immunoradiometric (IRMA)  

Statistical Analyses 

 Descriptive statistics used include means and standard deviations. Paired 

t test analysis was used for paired samples of the pre and post vitamin D 

supplementation data. Student t test or analyses of variance were used to assess 

for significant differences in group means. Pearson r correlation analysis was 

used to determine correlations between variables using 2-tailed test. A p-value < 
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0.05 was considered statistically significant. Statistical analyses were done using 

SPSS Version 13.0 (SPSS, Chicago, Ill., USA).  
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CHAPTER VII 
 

RESULTS 
  
 

The purpose of this study was to examine the relationship between 

vitamin D, bAP, and iPTH in hemodialysis subjects who were compliant with their 

prescribed OTC vitamin D supplement for 20 weeks. Specifically, I hypothesize 

(1.) that our baseline data would show that subjects on hemodialysis with low 

levels of 25(OH)D3 would have higher serum levels of bAP and iPTH than 

subjects with normal serum levels of 25(OH)D3. Furthermore, I hypothesize (2.) 

our data would support that hemodialysis subjects with low levels of 25(OH)D3 

who were supplemented daily with 1000 IU OTC vitamin D3 would not only see a 

change in their plasma vitamin D levels but would also see a change in their 

bAP, and iPTH. The baseline demographic and anthropometric characteristics of 

the 87 subjects are documented in table 1.  

Laboratory Test Results  

According to our baseline data, the mean ± standard deviation (SD) 

serum 25(OH)D3 level of subjects was 21.0 ± 15.4 ng/mL (normal range 16.0-

74.0 ng/mL) and 44% of subjects had values below 16 ng/mL (Figure 1). The 

serum bAP value was < 20 g/L in 46.7% of subjects and > 50 g/L in 12.0% of 

subjects (Figure 2). Figure 3 shows the percentage of subjects with a low bAP < 

20 g/L (48%), normal bAP 20-50 g/L (40%) and high bAP >50 g/L (12%). The 

mean +/- SD serum iPTH levels was 339.7 pg/mL (normal range 150-300 pg/mL) 

and the distribution of baseline values of iPTH is illustrated in Figure 4.  In regard 

to iPTH values, 20.9% of subjects had iPTH values < 150 pg/mL, 41.9% had 
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values between 150 and 300 pg/mL, and 37.4% of subjects had values > 300 

pg/mL. Subjects with a mean bAP > 50 g/L had significantly higher serum iPTH 

levels compared to the groups with normal and low bAP values (Figure 5) 

(ANOVA,  p <0.05) but group serum 25(OH)D3,and calcium values were not 

significantly correlated to bAP ( r=-0.065, p=0.539) or to iPTH ( r= 0.013, 

p=0.906). The bAP was significantly and negatively correlated to serum 

phosphorus (r=-0.284, p=0.009) and calcium X phosphorus product (r=-0.238, 

p=0.030). Our conclusion from our baseline data is that serum 25(OH)D3 levels in 

hemodialysis subjects are not correlated to serum bAP or iPTH.   

 Table 1 shows the baseline demographics characteristics of the 87 

hemodialysis subjects. Our subject population was 47% Hispanic, 31% white, 

and 21% black. Based on our baseline data, 82% of subjects were vitamin D 

insufficient (< 30 ng/mL) and 68% of the subjects had a vitamin D level < 20 

ng/mL.  

Compliance with Supplementation  

 At the conclusion of the 20 week period of supplementation pill counts 

were performed to measure compliance. This exercise proved to be very 

interesting. Some subjects never brought in their bottles (11 of the 87=13%), 

while other subjects removed tablets from their bottle before turning in, as shown 

by pills counts of 113%, 142%, 173%, and up to 235% of “pills consumed.” When 

these subjects were questioned regarding whether they had spilled or removed 

extra tablets from their bottle for any reason, the subjects denied doing this. 

Other subjects, however, took as few as 9% of their tablets based on the pill 
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counts. Subjects who took less than 40% of their tablets, or who were deemed to 

be non-complaint based on other information, were placed in a separate non-

compliant group for post analysis purposes.  

 

 

 

 
 

 
 

Figure 1. Baseline Distribution of Serum 25(OH)D3 Levels  
In Hemodialysis Subjects 
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Table 1. Demographics Characteristics in Hemodialysis   
Subjects   

Characteristic  (n=87) Values 
 Age, years 59.4±13.6 
 Race 

  Hispanic 41 (47%) 
 White 27 (31%) 
 Black 18 (21%) 
 Other 1 (1%) 
 Gender, Females 44 (51%) 
 Fractures, % 8 (9%)  
  

 
 
 
 
 
 
 

 
 

 
 

Figure 2. Baseline Distribution of Serum Bone Specific Alkaline  
Phosphatase In Hemodialysis Subjects 
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Figure 3. Percentage of Hemodialysis Subjects with Low, Normal,  
and High Bone Specific Alkaline Phosphatase (bAP) Levels  

 
 
 
  
 

 
 

Figure 4. Distribution of Baseline Serum intact Parathyroid Hormone 
(iPTH) Values in Hemodialysis Subjects  
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Figure 5. Percentage of Hemodialysis Subjects with  
Bone Specific Alkaline Phosphatase (bAP) and intact Parathyroid Hormone 

(iPTH) Levels in Low, Normal, and High Range 
 

 

 

 

 

0.0

10.0

20.0

30.0

40.0

50.0

60.0

Low Normal High Low Normal High 

P
er

ce
n
t 

o
f 

S
u
b

je
ct

s 
(%

) 
 

bAP <20 ug/L

bAP 20-50 ug/L 

bAP >50 ug/L

iPTH <100 pg/mL

iPTH 100-300 pg/mL 

iPTH >300 pg/mL 



Texas Tech University, Lacey Bollman, December 2008 

 

49 

 

Post Treatment Data 

The post treatment results of the all subjects are documented in table 2. 

According to our post treatment data, the mean ± SD serum 25(OH)D3 level of 

complaint subjects (n=53) was 50.9± 14.8 ng/mL (normal range 16.0-74.0 

ng/mL). The 25(OH)D3 mean concentration for non-compliant subjects (n=18) 

was 22.2± 1.6 ng/mL from 15.9± 1.5 ng/mL pre treatment. Lastly, our untreated 

subjects who initially had normal serum 25(OH)D3 (n=16) showed a decrease in 

25(OH)D3 from 49 ng/mL pre treatment to 40.0 ng/mL post treatment. Post 

vitamin D treatment anthropometric characteristics in the compliant, non-

compliant, and non-treated groups are shown in table 3.  

According to our post treatment data, the mean ± SD serum iPTH level 

of complaint subjects (n=53) was 339.7± 336.4 pg/mL (normal range 150-300 

pg/mL). Our standard deviation shows a large variation in our result for iPTH 

levels. The serum iPTH mean concentration for non-compliant subjects (n=18) 

was 438.6± 83.5 pg/mL from 275± 38.2 pg/mL pre treatment. Lastly, our 

untreated subjects (n=16) showed a decrease in iPTH from 330.0 pg/mL pre 

treatment to 214.0 pg/mL post treatment.  

According to our post treatment data, the mean ± SD serum bAP level of 

complaint subjects (n=48) was 35.5 ± 29.3 g/L. This was a 25% increase from 

the reported pre treatment value of 28.8 g/L. The serum bAP mean 

concentration for non-compliant subjects (n=18) increased 5% from 21.1± 3.2 

g/L to 22.2± 2.2 g/L post treatment. Lastly, our untreated (n=16) subjects 
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showed a 21% increase in bAP from 24.0 g/L pre treatment to 29.0 g/L post 

treatment.  

 

 

Table 2. Post Vitamin D Treatment Data     

  
[25(OH)D3] 

(ng/mL)  
iPTH                               

(pg/mL) 

bAP                                 

g/L 

 
Pre Post  Pre Post % ∆ Pre  Post % ∆ 

Compliant 
(n=53) 
 

16.0 50.9 339.7 547.7 
↑ 

62% 
28.7 35.7 

↑ 
25% 

Non-
Compliant 
(n=18) 

15.9 22.2 275.0 438.6 
↑ 

59% 
21.1 22.2 

↑  
5% 

Non-Treated 
(n=16) 

49.0 40.0 330.0 214.0 
↓  

35 % 
24.0 29.0 

↑ 
21% 

 

 

 

 

Table 3. Post Vitamin D Treatment Anthropometric Characteristics in 
hemodialysis subjects   

    
Avg. Age, yrs BMI 

Avg. Weight, 
kg 

  

  Pre Post Pre  Post  

Complaint Group 
(n=53) 

58 29.3 29.3 80.2 80.6 

Non-Complaint 
(n=18) 

59 29.4 29.1 78.8 78.1 

Non-Treated 
(n=16) 

64 25.0 25.0 71.6 72.0 
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Comparing Pre Treatment and Post Treatment Vitamin D Data 

 Paired-samples t test (Figure 6) indicated that the difference in the mean 

concentration of serum 25(OH)D3 between the pre and post treatment data was 

statistically significant, p < 0.001. The mean concentration of serum 25(OH)D3 in 

the hemodialysis subjects at baseline was 16.0 ± 6.51 ng/mL, whereas the mean 

concentration of serum 25(OH)D3 in the post-study hemodialysis subjects was 

50.9± 14.8 ng/mL after 20 week. This data supported part of the study 

hypothesis. 

 

 

Figure 6. Mean Levels of in Serum 25(OH)D3 of Pre Treatment Subjects 
 and Post Treatment Subjects* 

 
*Groups Means Are Significantly Different, p < 0.001 
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Comparing Pre and Post Total Alkaline Phosphatase 

Paired-samples t test (Figure 7) indicated that mean differences in the 

concentration of serum tAP between the pre and post data was statistically 

significant, p < 0.015. The mean concentration of serum tAP in the hemodialysis 

subjects pre-study was 108.04± 45.14 IU /L, compared to 123.43± 60.10 IU /L 

after 20 weeks.  

 

 

 

 

Figure 7. Mean Levels of in Serum Total Alkaline Phosphatase of Pre 
Treatment Subjects and Post Treatment Subjects* 

 
*Groups Means Are Significantly Different, p < 0.015 
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Comparing Pre and Post Bone Specific Alkaline Phosphatase 

Paired-samples t test (Figure 8) indicated that mean differences in the 

concentration of serum bAP between the pre and post data was statistically 

significant, p < 0.035. The mean concentration of serum bAP in the hemodialysis 

subjects at baseline was 28.7± 18.7 g/L, compared to 35.7± 29.3 g/L after 20 

weeks. This data, like the previously discussed tAP, conflicts with our hypothesis; 

being that we predicted from our review of literature that bAP would have 

decreased significantly rather than increase significantly as it did in this study. 

Hence, this part of hypothesis 2 involving bAP was not supported. 

 

 

Figure 8. Mean Differences in Serum Bone Specific Alkaline Phosphatase 
of Pre Treatment Subjects and Post Treatment Subjects* 

 
*Groups Means Are Significantly Different, p < 0.035 
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Comparing Pre and Post intact Parathyroid Hormone  

Paired-samples t test (Figure 9) indicated that mean differences in the 

concentration of serum iPTH between the pre and post data was statistically 

significant, p < 0.001. The mean concentration of serum iPTH in the hemodialysis 

subjects pre-study was 339.7± 336.4 pg/mL, compared to 547.7± 478.4 pg/mL 

after 20 weeks. This data, like the previously discussed  bAP, conflicts with our 

hypothesis; being that I predicted from our review of literature that iPTH would 

have decreased significantly rather than increase significantly as it did in this 

study. Hence, this part of hypothesis 2 involving iPTH was not supported. 

 

 

Figure 9. Mean Levels of Serum intact Parathyroid Hormone of Pre 
Treatment Subjects and Post Treatment Subjects* 

 
*Groups Means Are Significantly Different, p < 0.001 
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 This level of OTC vitamin D may not be strong enough to influence the 

paracrine production that could result in any significant changes in the bone 

formation parameters. This study was not designed to measure actual bone 

formation. Table 4 demonstrates our results from the 54 complaint subjects. The 

25(OH)D3, iPTH, bAP, corrected calcium, and doxercalciferol doses were all 

statistically significant with a p < 0.05.  

 
 
 
 
 

Table 4. Bone related parameter results at baseline and after 20 
weeks of treatment with vitamin D3 in HD subjects* 

    Baseline 20 Weeks p value 

25(OH)D3, ng/mL 16.00 50.89 <0.001 

iPTH, pg/mL 339.66 547.70 <0.001 

bAP, g/L 28.66 35.70 <0.035 
Corrected Calcium, 
mg/dL 9.30 9.07 <0.006 

Phosphorus, mg/dL 5.36 5.56 <0.383 

Doxercalciferol, mcg 1.56 2.34 <0.001 

 
*Paired t test 
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Comparing Pre and Post Corrected Calcium and Phosphorus  

Paired-samples t test indicated that mean differences in the concentration 

of corrected calcium between the pre and post data were statistically significant, 

p < 0.006. The mean concentration of corrected calcium in the hemodialysis  pre-

study was 9.3± 0.54 mg/dL, compared to 9.1± 0.56 mg/dL.  

Paired-samples t test indicated that mean differences in the concentration 

of phosphorus between the pre and post data were not statistically significant, p 

< 0.383. The mean concentration of phosphorus in the hemodialysis subjects 

pre-study was 5.4± 1.3 mg/dL, compared to 5.6± 1.6 mg/dL.  
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Subjects with a History of Fracture  

 Subjects with a history of fracture (n=8) versus the subjects without a 

history of fracture (n=60) had a significant difference in their pre-treatment 

vitamin D levels (p < 0.005). The mean concentration of vitamin D pre-treatment 

in the hemodialysis subjects with a history of fracture was 12.9± 3.32 ng/mL, 

whereas the mean concentration of vitamin D in the hemodialysis subjects 

without a history of fracture was 16.7± 6.5 ng/mL. Furthermore, the subjects with 

a history of fracture (45.7 ± 14.7 ng/mL) completed the study with slightly higher 

vitamin D level than those without a history of fracture (43.7 ± 18.7 ng/mL).   

Although the difference was not significant it is of interest to note the 

difference. The mean concentration of vitamin D post-treatment in the 

hemodialysis subjects with a history of fracture was 45.7± 14.7 ng/mL, whereas 

the mean concentration of vitamin D in the hemodialysis subjects without a 

history of fracture was 43.7±18.7 ng/mL. 
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Figure 10: Mean Levels in Pre-Treatment subjects with  
fracture and without fractures versus Post-Treatment  

subjects with fractures and without fractures  
 

*Groups Means Are Significantly Different, p < 0.005 
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CHAPTER VIII 
 

DISCUSSION AND LIMITATIONS  
 
 

Introduction 
 
 The current study demonstrated the effectiveness of an oral daily 

cholecalciferol supplement as a tool to normalize serum vitamin D levels in a 

group of hemodialysis subjects with below optimal serum vitamin D levels over a 

period of 20 weeks. Our study is the first to report the use of an OTC 

cholecalciferol supplement for this purpose. The baseline data revealed that 82% 

of the subjects had 25(OH)D3 levels below the recommended amount of 30 

ng/mL.  All subjects with low levels of 25(OH)D3 were provided with 1000 IU of 

cholecalciferol free of charge and were instructed to take one tablet per day and 

even with imperfect compliance the majority of subjects had a rise in serum 

25(OH)D3 into normal range.    

          The NHANES III found the prevalence of individuals in the general 

population with lower than normal serum vitamin D values to be incredibly 

common. Risk for vitamin D deficiency is increased by avoidance of sun 

exposure, less production of vitamin D by aging skin, and diets that are low in 

vitamin D (Saab et al., 2007). The hemodialysis  population is at high risk for low 

vitamin D status as they are often have low sun exposure, are generally older 

individuals, and most foods that are high in vitamin D such as dairy products are 

restricted in their hemodialysis diets. The baseline data in the current study 

revealed that 82% of the subjects had 25(OH)D3 levels below the recommended 

amount of 30 ng/mL. Saab et al. (2007) had a similar finding with 91% of 
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hemodialysis subjects having 25(OH)D3 levels below the recommended amount 

of 30 ng/mL.  

 In our study Hispanics had a slightly lower 25(OH)D3 (19.7 ng/mL) level 

than both blacks (21.7 ng/mL) and whites (27.6 ng/mL) which was not a 

significant difference. Nevertheless, non-Hispanic whites had higher levels than 

Mexican Americans which follows the pattern of the data released from 2000-

2004 NHANES III. However, according to our baseline data the blacks and 

Hispanics did not follow the NHANES III pattern since the black subjects had a 

higher serum 25(OH)D3 value than Hispanics. Our baseline data regarding sex 

also followed that given from NHANES III. Our male subjects (26.2 ng/mL) had a 

higher serum 25(OH)D3 than our female subjects (18.7 ng/mL). The difference 

between the male and female subjects was significantly different. Our 25(OH)D3 

baseline distribution was also very similar to that reported by Saab et al. (2007).  

 The 25(OH)D3 levels were re-drawn after 20 weeks of supplementations. 

Pre  (16.0± 6.5 ng/mL) and post (22.2± 1.6 ng/mL) values were significantly 

different in subjects taking vitamin D supplements but not in subjects who were 

not taking vitamin D. Non-compliant subjects had a significant but lower rise in 

serum vitamin D levels than compliant subjects with pre-supplement values of 

15.9 ng/mL and post-supplement values of 22.2 ng/mL. The mean serum 

25(OH)D3 rose a similar amount in the study of Saab et al. (2007) with a baseline 

values of 16.9 ± 8.3 ng/mL and a post-supplementation ( 50,000 units 

ergocalciferol/month administered at the dialysis center) mean value of 53.6 ± 

16.3 ng/mL. The 25(OH)D3 values rose a mean of 34.9 ng/mL in the complaint 
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group in our study, compared to only 6.3 ng/mL in the non-compliant group. For 

both groups the difference in the pre and post supplementation mean value was 

statistically significant. The mean rise in plasma vitamin D reported by Saab et al. 

(2007) was only slightly higher than the rise in the current study even though the 

dose of cholecalciferol was a total of 30,000 units per month and compliance with 

daily pill talking was only fair. While the rise was much less in the non-compliant 

subjects who took less than 40% of their prescribed vitamin D tablets there was 

still some effect on serum 25(OH)D3 levels. In the compliant group, subjects 

reached acceptable or higher serum 25(OH)D3  levels even with the mean pill 

count for these subjects at only 52%.  In the non-complaint group, 15 subjects 

out of 18 did not reach the normal level for serum 25(OH)D3. In the compliant 

group, only two subjects did not reach the normal level of 25(OH)D3, with the 

average pill count for these subjects at only 52%. 

 In the non-treated group, mean 25(OH)D3 level dropped from 49 ng/mL to 

40 ng/mL. Seasonal variations in serum vitamin D levels are well documented. 

The post data was collected after the winter months were over, while the pre data 

was collected in November, before cold weather months had begun.  

Pre and Post Treatment Vitamin D Data  

 In this study, we used a vitamin D supplement in the form of vitamin D3, 

also known as cholecalciferol. According to Houghton and Vieth (2006), it has 

been shown that in humans, vitamin D3 is more effective than vitamin D2 at 

raising serum 25(OH)D3 levels in the body. These authors went on to report that 

the previous studies reporting this data were not completely accurate due to 
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confounding variables and/or insufficient sample size. In an effort to resolve 

these questions there was a later study conducted by Trang et al. (1998) 

reporting that both vitamin D2 and vitamin D3 increased serum 25(OH)D3 levels. 

However, vitamin D3 increased 25(OH)D3 levels 70% more than vitamin D2. A 

possible explanation for this is the higher attraction of hepatic 25 hydroxylase for 

vitamin D3 than for vitamin D2 (Houghton and Vieth, 2006). These authors go on 

to discuss how vitamin D 24 hydroxylase controls and converts vitamin D3 to 

25(OH)D3 five times as fast as it does vitamin D2 to form 25(OH)D2. With the 

current increase in research pertaining to vitamin D3 and vitamin D2 as 

supplements, our use of vitamin D3 was thoroughly backed with a great deal of 

data as the appropriate form to use.  

 Our 25(OH)D3 results mimicked those of Saab et al. (2007) findings, who 

treated hemodialysis subjects with a once monthly 50,000 IU vitamin D2 

supplement for six months . Saab et al. (2007) reported a baseline 25(OH)D3 

level of 16.7 ± 8.3 ng/mL and a post treatment 25(OH)D3 level of 53.6 ± 16.4 

ng/mL. Our baseline 25(OH)D3 value was 16.0± 6.51 ng/mL and our post 

treatment mean 25(OH)D3 concentration was 50.9± 14.8 ng/mL. According to this 

data one would be led to believe that both vitamin D2 and vitamin D3 

supplements have a similar affect; however, when you look deeper they actually 

do not. Saab’s subjects were given 50,000 IU vitamin D2 supplements for six 

months (184 days) totaling 300,000 IU over the course of the study. Saab’s 

subjects were given their monthly dose while receiving their dialysis. The 

subjects in our study were asked to take a 1000 IU vitamin D3 supplement 
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everyday for 20 weeks (140 days) totaling 140,000 IU over the course of the 

study. Our subjects were instructed to take their supplement on their own, not 

while on dialysis, which led to a lower overall compliance level. Our study not 

only provided our subjects with a lower dose of vitamin D supplement than 

Saab’s subjects but also reported a lower compliance level, thus supporting that 

supplementation with vitamin D3 will increase serum 25(OH)D3 more than vitamin 

D2 per IU of supplementation.  

According to Dr. Daniel W. Coyne (2007), vitamin D deficiency at the start 

of dialysis strongly correlates with the risk of death in the subsequent 90 days. 

Dr. Daniel W. Coyne (2007) addresses randomized, placebo controlled trials that 

have found treatment with vitamin D supplements to be both safe and beneficial. 

Cholecalciferol [25(OH)D3], according to these studies, can be used to treat 

utritional vitamin D deficiency. Dr. Daniel W. Coyne (2007) also reports while 

these studies and analyses have shown the benefits of treating vitamin D 

deficiency, others have not, and larger studies are needed. However, while more 

studies are needed to fully explain all possible benefits, there has been no 

evidence that there is an associated risk with vitamin D supplementation, 

therefore, suggesting the use of vitamin D supplements among CKD patients 

acceptable.   

Pre and Post Total Alkaline Phosphatase 

 Couttenye et al. (1996) reported that tAP as a marker of osteoblastic 

function was described to have poor diagnostic performance for renal 

osteodystrophy in comparison to iPTH. Both of these laboratory parameters were 
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significantly higher after vitamin D supplementation in our subjects. Furthermore, 

this author discusses when taking into account the role of non osseous sources 

of tAP to its total serum level, that poorer diagnostic performance is expected. 

Lastly, this article explains that the diagnosis of low turnover bone disease renal 

osteodystrophy should have biochemical markers with good specificity and 

sensitively especially in the lower concentration range.  

Pre and Post Bone Specific Alkaline Phosphatase 

 According to Ureña et al. (1996), plasma bAP levels equal or higher than 

20 ng/mL established the diagnosis of HTBD and formally excluded patients with 

N/LTBD. The author continues by stating the combination of serum bAP and 

iPTH measurements improved the diagnosis of the type of renal osteodystrophy. 

The group means for both the pre and post treatment bAP values were > 20 

ng/mL in our study. However, I cannot make the same conclusions as Ureña and 

his colleagues did. I did not perform bone biopsies as Ureña (1996) did nor did I 

have access to a Dual Energy X-ray Absortiometry (DEXA) scan, both which are 

accurate measurements of bone activity and mineral density.  

The changes in iPTH and bAP levels between the three groups revealed 

that among smaller sub-populations, iPTH and bAP levels did not rise or fall in a 

consistent manner. While iPTH rose in both the compliant and non-complaint 

groups by 62% and 59% respectively, bAP levels only rose by 25% and 5%, 

respectively. However, in the non-treated group, iPTH dropped by 35%, but bAP 

rose by 21%. 
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Pre and Post intact Parathyroid Hormone  

 Intact parathyroid hormone has previously been described to have good 

predictive values for diagnosing LTBD, HTBD and severe hyperparathyroidism 

when large numbers of subjects were observed (Couttenye et al., 1996 & 

Ferreira, 1998).  Abnormally high (52%) and low (15%) serum iPTH values were 

common in the subjects in the current study. Couttenye et al. (1996) discusses 

that in more recent years research has pointed towards the weakness of iPTH as 

a sole marker of bone turnover in renal osteodystrophy. Since iPTH is an indirect 

marker of bone turnover, I feel there is no clear answer regarding if iPTH can be 

used as an accurate marker of bone activity.  

For example, in general when iPTH is high (>300 pg/mL) subjects are 

often associated with HTBD; however, subgroups of subjects with high iPTH 

reporting LBTD are also common. Goodman (2003) goes on to discuss the 

potential negative effects of large doses of 1,25(OH)2D3 to treat SHPT may 

aggravate hypercalcemia, further increasing the chances of soft tissue and 

vascular calcification which may increase the subjects’ chances of developing 

cardiovascular disease. 

The mean serum iPTH was significantly higher after vitamin D 

supplementation in the subjects in our study. The primary reason for the rise in 

bAP levels observed in this study was the modification of doxercalciferol doses 

based on low bAP levels.  Subjects who had both a bAP level <20 g/L and an 

iPTH level >300 pg/mL were not given higher doses of doxercalciferol, in order to 

prevent further aggravation of low bone turnover.  These subjects, prior to the 
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bAP measurement, would have had their doxercalciferol doses increased.  As a 

consequence, PTH levels continued to rise while bAP levels also rose.  

The NKF K/DOQI guideline 8B: Vitamin D Therapy in Patients on Dialysis 

(CKD Stage 5) recommends that all patients on hemodialysis with a serum level 

of iPTH level >300 pg/mL should receive an active vitamin D sterol such as 

doxercalciferol in order to reduce the serum levels of PTH to a target range of 

150-300 pg/mL. Our compliant subject population (n=54) had a pre treatment 

doxercalciferol dose of 1.56 mcg and a PTH level of 339.7 pg/mL. However, the 

post treatment data showed an increase in doxercalciferol to 2.34 mcg and a 

PTH level of 547.7 pg/mL. As many factors affect the iPTH values in 

hemodialysis subjects, I cannot conclude that the vitamin D supplement was the 

cause of the rise.  

 Pre and Post Corrected Calcium and Phosphorus  

 Goodman (2003) states effective clinical management of CKD includes 

taking necessary measures to maintain serum calcium concentration within the 

normal range. According to NKF K/DOQI the normal range for corrected calcium 

is 8.4-9.5 mg/dL and once the corrected calcium increases beyond 10.2 mg/dL it 

is recommended to discontinue the use of both doxercalciferol and vitamin D 

supplementation. Block et al., (2004) reports higher adjusted serum calcium 

concentrations are associated with an increased risk of death. Group means for 

both pre and post treatment values were within normal range and the post 

treatment value decreased significantly (p < 0.006).   
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 All 87 subjects had their calcium levels checked twice monthly throughout 

our study. Hypercalcemic (corrected calcium >10.2 mg/dL) can lead to 

cardiovascular calcification which has been well documented in CKD patients. 

According to Tomasello (2008) hypercalcaemic conditions are directly correlated 

to an increase in cardiovascular morbidity and mortality. The author goes on to 

explain that patients with CKD, especially ESRD have an increased risk of 

cardiovascular morbidity and mortality. Much research has been done in order to 

suggest the main cause of death for patients with ESRD is cardiovascular 

disease. Tomasello (2008) further justifies this by discussing a previous study of 

subjects on hemodialysis. This study found that even when stratifying for 

variables such as sex, race, and presence of diabetes, dialysis subjects still had 

a cardiovascular mortality rate of close to 30 times higher than the general 

population.  

 Although our phosphorus levels increased throughout the supplementation 

period the change was extremely minimal (0.2 mg/dL) and not statistically 

significant. The recommended phosphorus range for hemodialysis patients is 

3.5-5.5 mg/dL and our post supplement phosphorus mean concentration was 5.6 

mg/dL. Renal and Urology News (2007) reports higher levels of plasma 

phosphorus (even within the range regarded “normal”) is associated with higher 

mortality and worsening progression of CKD. The article goes on to state 

lowering plasma phosphorus levels in CKD can be helpful in treating SHPT and 

could become an additional therapy to lower mortality and to lessen progressive 

loss of kidney function.  
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History of Fracture  

 According to Bone K/DOQI clinical practice guidelines, the treatment of 

vitamin D insufficiency or deficiency when present in CKD patients is warranted 

since such therapy may decrease the incidence of hip fractures in patients with 

advanced CKD and in those treated with dialysis. Until more large studies 

involving CKD and the history of fractures include previous vitamin D 

supplementation and usage, vitamin D therapy should not be recognized as the 

treatment that alters the risk of fractures for CKD patients.   

Our subjects with a history of fracture had a lower 25(OH)D3 mean 

concentration than those without a history of fracture. This trend follows one 

which is noted in the NKF K/DOQI guidelines, that patients with hip fractures 

have lower 25(OH)D3 levels than age-matched patients without hip fractures. A 

recent meta-analysis of trials supports the view that treatment of vitamin D 

deficiency reduces falls in the elderly by more than 20% (Coyne, 2007). The NKF 

K/DOQI guidelines reference a double blinded, placebo-controlled trial that 

demonstrated that supplementation with 800 IU vitamin D per day along with a 

modest dietary calcium supplement, can reduce hip fracture by 43%.  

Limitations and Suggestions  

 One weakness our study had was the lack of a placebo group. However, 

there was a non-treated group with normal serum vitamin D levels and a non 

compliant group who did take most of their prescribed vitamin D pills. Secondly, 

compliance was a limitation in this study. Since the subjects took their 

supplements every day there was poor control of the amount actually taken. This 
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issue resulted in a very difficult pill count process. The accuracy of the pill count 

is not easy to determine since the subjects could have poured out some pills 

prior to the count or as some did not ever bring their supplement bottle back to 

the facility.   

Lastly, between the first and final laboratory draw there was a change in 

both the laboratory used for analyses and the months which they were drawn. 

The first laboratory drawn was analyzed at the laboratory in the SPKDC facility, 

however, before the final draw was taken the laboratory was closed and all 

analyses changed to Spectra Laboratories Inc., (Rockleigh, New Jersey). During 

this change, the draws continued to be taken quarterly, however, the actual 

months which the laboratory samples had previously been taken changed. 

Conclusion 

 In conclusion, our study demonstrates that daily supplementation of 1000 

IU OTC cholecalciferol for a period of 20 weeks can effectively increase vitamin 

D levels to normal range (>30 ng/mL) in hemodialysis subjects with vitamin D 

deficiency and/or vitamin D insufficiency. During the vitamin D supplementation 

both iPTH and bAP increased, however, due to several confounding variables it 

is difficult to determine the specific cause for these changes.  
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