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A. Specific Aims:  
 

To test two oral daily doses (4000 vs. 7000 IU) of cholecalciferol (D3) dietary supplement over 
a 12-week period in 60 children and adults with HIV/AIDS living in Botswana (5.0 to 50.9 yrs), to 
assess safety as determined by serum calcium and 25D concentrations and efficacy to replete 
vit D status as determined by achieving a minimum serum 25D concentration of 32 ng/mL (80 
nmol/L). Cathelicidin antimicrobial protein activity will be used as an indicator of immune 
response to vit D depletion and repletion. 
 
B. Background: 
The vit D system consists of metabolites derived from vit D2 (ergocalciferol) and D3 
(cholecalciferol). Vit D3, the more common circulating form, is derived from dietary sources or 
synthesized in the skin after exposure to sunlight. Although a major function of vit D is to 
maintain calcium homeostasis and bone mineralization, the discovery of many cells that express 

25(OH)D 1--hydroxylase activity (macrophages, breast, colon, pancreas, brain, ovary, dendritic 
and endothelial cells) has established the other major physiological roles1. Vit D deficiency has 
been implicated in type 1 and type 2 diabetes, cancer, cardiovascular disease, obesity, and 
multiple sclerosis, suggesting anti-proliferative, immunomodulatory, anti-inflammatory and anti-
cancer effects of vit D1;2. 
  
Vit D deficiency and health:  The best indicator of vit D stores is the serum concentration of 
25D3. When circulating 25D concentrations are inadequate, intestinal calcium absorption and 
bone mineralization are impaired. Vit D deficiency leads to a decrease in serum ionized 
calcium, initiating increased synthesis and secretion of parathyroid hormone (PTH) to 
normalize calcium homeostasis. When prolonged, this results in skeletal demineralization 
(rickets or osteomalacia) and myopathy3;4.  Vit D deficiency has been linked to other health 
effects as well, such as increased blood pressure (BP), diabetes, and cardiovascular 
complications.  
   

Vit D also fights infections by increasing antimicrobial peptides such as -defensins and 
cathelicidins that kill bacteria, viruses, fungi and protozoa and are produced by mucosal and 
circulating white cells5;6, and vit D3 may play an important role in both prevention of urinary tract 
infections and protection of skin wounds against infection. Cathelicidin (LL-37) is one 
antimicrobial peptide that may work in this way, and the cathelicidin gene is markedly 
upregulated by 1,25D. Studies among West Africans7, Tanzanians8, and among African 
immigrants to Australia9 have shown that higher serum 25D is associated with a lower 
probability of M. tuberculosis infection.  Conversely, individuals with TB or a past history of TB 
are significantly more likely to be vit D deficient than those without the disease (African 
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migrants to Australia9).  Vit D may enhance immunity to M. tuberculosis through the vit-D 
dependent production of cathelicidin10-13.  
 
Therefore, the role of vit D supplementation in preventing TB infection may have particular 
salience for people living with HIV/AIDS in African countries such as Botswana and worldwide.   
Circulating monocytes and antigen presenting cells (dendritic cells, macrophages) have the 
VDR and hydroxylase enzymes and convert 25D to 1,25 D locally. Also the innate immune 
response includes activation of the Toll-like receptors (TLR) of human immune cells and directs 
the antimicrobial activity for intracellular bacteria. The TLR system is sensitive to vit D 
deficiency and acts through the cathelicidin peptide pathway5;14. We will use the cathelicidin 
system as a 25D biomarker and follow the cathelicidin response to D3 supplementation.   

 

Assessment of vit D status: In adults, functional measures have been used to define vit D 
adequacy as a serum 25D level greater than 32 ng/mL (80 nmol/L): vit D insufficiency is 
commonly defined as 25D levels between 10-30 ng/mL, vit D deficiency <10 ng/mL and  high 
risk for vit D toxicity, 25D level >160 ng/mL15;16.   
 
Prevalence of vit D deficiency:  Vit D deficiency remains an under-recognized problem in the 
general population and is poorly defined in children. Inadequate circulating 25D has been 
documented in numerous surveys of children and adults. Blacks have greater risk for vit D 
deficiency17, largely due to the decreased ability of pigmented skin to synthesize vit D18-20.  
When cutaneous production of vit D is impaired, adequate dietary intake is required. Dietary 
intake is usually inadequate since few foods (fish oils, egg yolks) naturally contain vit D.   
 
Vit D insufficiency and rickets have been found to be prevalent in African countries, despite 
adequate sunlight exposure. The proportion of individuals with insufficient vit D status (<32 
ng/mL) in Gambia was found to be 23% among children ages 8 to 12 yr, and 55% in young 
women (<45 yr)21.  Among 884 HIV-infected pregnant women living in Tanzania, 39% had low 
vit D (<32 ng/mL), and these women had more rapid HIV disease progression, higher all-cause 
mortality and a higher incidence of anemia, than women with optimal vit D status (>32 ng/mL)22.  
Furthermore, the children born to women with low vit D status had a 46% higher risk of HIV 
infection and a 61% higher risk of dying in the first 24 months of life23. Pettifor has suggested 
that the high prevalence of rickets in African countries may be, in part, the result of low calcium 
intake in these countries which may increase requirements for vit D24.      
 
Vit D status and HIV in adults:  Poor vit D status has been documented in both adults and 
children with HIV infection in both developed and developing countries. The reason for low vit D 
status in people living with HIV is not understood, however contributing factors include 
inadequate sunlight exposure, low dietary and supplement intake, increased utilization, or 
increased loss through malabsorption. Despite advances in our understanding of the potent 
immunomodulatory activity of vit D, its role in HIV disease progression is largely unknown25. 
 
Vit D status and HIV disease severity:  Vit D affects the development and function of cells of 
the immune system that help control HIV infection, including macrophages and T lymphocytes26, 
and is known to stimulate monocyte differentiation25. 1,25D may enhance macrophage function 
in subjects with HIV27, or may have a direct effect upon decreasing bacteria replication in the 
HIV-infected host28. Studies have found a positive association between CD4+ cell counts and 
serum 25D,29-31, and dietary intake of vit D32.   
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Vitamin D Dose Selection:  The doses of vit D3 chosen for this study are based upon 
evidence from several studies: 1)  Heaney et al33 suggest that vit D3  from all sources of 3600 
to 4200 IU/d are required to sustain 25D concentrations of >80 nmol/L (>32 ng/mL) in adults; 2) 
Aloia et al34 found that a mean daily dose of 3440 IU was necessary to attain 25D 
concentrations >30 ng/mL in a sample of African American and white healthy adults living in 
New York, and those with baseline values <22 ng/mL required 5000 IU; and 3) Vieth et al35 
demonstrated that a dose of 100 ug/d (4000 IU/d) of vit D3 resulted in a minimum serum 25D 
plateau concentration of 69 nmol/L in adults.  Because we expect that subjects with HIV living 
in Botswana may require higher levels of vit D supplementation due to the varied HIV 
medications they take, their likely low dietary intake of vit D, and their darker skin pigmentation, 
we propose doses of 4000 and 7000 IU/day to insure that nearly all subjects will achieve serum 
25D concentrations >80 nmol/L (>32 ng/mL). 
 

Safety of Vitamin D Supplementation:  Reports of vit D toxicity are very rare and generally 
associated with intakes >30,000 IU/d due to either industrial accidents or unintentional 
overdoses of unregulated concentrated vit D supplements. There have been no reports of vit D 
toxicity from typical dietary intake or sunlight exposure36. Our primary safety outcome is serum 
hypercalcemia (age-adjusted range) associated with 25D concentrations >160 nmol/L. We will 
also assess serum albumin, magnesium and phosphorus, urinary calcium, and ask questions 
to elicit the subject and family report of new signs and symptoms of adverse events. 
Manifestations of hypercalcemia associated with elevated 25D are anorexia, nausea, vomiting, 
weakness, lethargy, constipation, polyuria, polydypsia and general disorientation37. 
 
Summary: In summary, many people living with HIV/AIDS in African countries are vit D 
deficient or insufficient. Vit D deficiency in HIV/AIDS may be due to low dietary vit D intake, 
increased requirements, malabsorption, specific drug therapies (antiretrovirals, in particular), 
reduced outdoor physical activity, reduced vit D synthesis from UV light exposure in dark skin 
pigmented individuals, or unknown HIV-associated factors. Vit D deficiency likely contributes to 
abnormal immune status and increased inflammatory state, and to poor growth, bone, and 
muscle function, and may contribute to risk for TB infection. The goal is to determine the vit D 
supplementation dose that safely results in optimal serum 25D concentrations in HIV-infected 
children and adults living in Botswana.  
 
C. Study Design: 
To test two oral doses (4000 vs 7000 IU/d) of cholecalciferol (D3) over a 12-week period in 60 
children and adults (5.0 to 50.9 y) with HIV/AIDS to assess safety as determined by serum 
calcium and 25D concentrations and efficacy to replete vit D status as determined by achieving 
a minimum serum 25D concentration of 32 ng/mL. The response of cathelicidin antimicrobial 
protein activity to vit D3 supplementation will also be assessed as an indicator of immune 
response to vit D depletion and repletion. We will enroll the 60 subjects within 5 different age 
groups, based upon Dietary Reference Intakes. Twelve subjects will be recruited in each of the 
following six age categories (5.0-8.9, 9.0-13.9, 14.0-18.9, 19.0-30.9, 31.0-50.9 yr), and will be 
randomized to receive either 4000 IU/d or 7000 IU/d vit D3.  Every attempt will be made for 
equal gender representation.   
 
Vit D Supplement:  Given the varied medications and likely low dietary intake of vit D in subjects 
with HIV/AIDS, we propose doses of 4000 and 7000 IU/d in this sample children and adults in 
Botswana to assure that all, or nearly all subjects will achieve serum 25D concentrations >32 
ng/mL.  2000 IU and 5000 IU tablets of vit D3 (cholecalciferol) will be provided.  Subjects will 
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take two 2000 IU tablets per day, or one 5000 IU tablet and one 2000 IU tablet per day 
depending on whether they are randomized to receive 4000 or 7000 IU/day vit D3.  Drops will be 
provided to subjects who experience difficulty swallowing tablets, either four drops of 1000 
IU/drop or seven drops of 1000 IU/drop depending upon randomization group. All research 
personnel will be blinded to the randomization throughout the study.   
 
Inclusion Criteria: 

 HIV infection 

 Ages 5.0 to 50.9 y 

 In usual state of good health 

 Subject and/or family commitment to the 12-week study 
 
Exclusion Criteria: 

 Other chronic health conditions unrelated to HIV/AIDS that may affect nutritional status 

 Use of vit D supplementation above 400 IU/d 
 

Sample Size 
30 subjects at each of the 2 dose levels (4000 IU/d and 7000 IU/d) will be enrolled. We will 
enroll 12 subjects in each of 5 age groups (5.0-8.9, 9.0-13.9, 14.0-18.9, 19.0-30.9, 31.0-50.9 
yrs), 5 subjects at each of the 2 dose levels within each age group. This is pilot work to explore 
the efficacy of each dose level in repleting 25D levels to >32 ng/mL after 12 weeks of 
supplementation and in increasing mRNA expression in the cathelicidin pathway by 100%.  This 
will establish feasibility and provide preliminary data for study design and sample size 
calculations for future studies of vit D supplementation in Botswana. 
 
Logistics and Timeline 
Subject recruitment will begin January 10, 2011 and enrollment will end April 8, 2011.  6 week 
visits will begin February 21, 2011 and conclude May 20, 2011.  12 week visits will begin April 4 
and end July 1.  The month of July will be dedicated to data analysis.  The study will be 
complete by August 2011. 

 
Limitations 
Enrollment and retention are the most likely difficulties and limitations in a nutrition intervention 
study. Enrollment is expected to progress as scheduled based upon the experience in the 
UPenn/Botswana research team.  
 
Confidentiality, Subject Risks, and Benefits 
All data will be recorded in a password-controlled database.  Data collection forms will be stored 
in a locked cabinet behind a locked door and only the study team will have access to them.  
This study poses no physical risk to subjects.  There is a small risk of loss of confidentiality; 
however, subject names will not be collected and only study investigators will have access to 
the forms.   
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