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Abstract

Background—Suboptimal vitamin D status is prevalent in HIV-infected patients and associated 

with increased risk of disease severity and morbidity. We aimed to determine 12-mo safety and 

efficacy of daily 7000IU vitamin D3 (vitD3) vs placebo to sustain increased serum 25-

hydroxyvitamin D (25(OH)D) and improve immune status in HIV-infected subjects.

Methods—This was a double-blind trial of perinatally- (PHIV) or behaviorally-acquired (BHIV) 

HIV-infected subjects (5.0–24.9y). Safety, 25(OH)D-related parameters, and immune status were 

assessed at baseline, 3, 6, and 12 months.

Results—Fifty-eight subjects enrolled (67% male, 85% African-American, 64% BHIV) and 50 

completed with no safety concerns. In unadjusted analyses, there were no differences between 

randomization groups at baseline; at 3, 6, and 12 months, 25(OH)D was higher with 

supplementation than baseline and higher than with placebo (P<0.05). In adjusted mixed models, 

in the supplementation group, the fixed effect of 25(OH)D was higher (P<0.001). Percentage of 

naïve T helper cells (Th naïve%) were significantly (P<0.01) and T helper cells (CD4%) 

marginally (P<0.10) increased with supplementation in those taking highly active antiretroviral 

therapy (HAART), and RNA viral load was reduced (P ≤ 0.05). In exploratory linear models, 

change in 25(OH)D predicted RNA viral load at 3 and 12 months and CD4% at 3 months 

(P<0.05).

Conclusions—Daily 7000IU vitD3 for 12 months was safe in HIV-infected subjects and 

effective in increasing 25(OH)D. Supplementation improved in some clinically important HIV 
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immune markers in subjects on HAART. Adjunct therapy with high-dose, daily vitD3 for HIV-

infected subjects and for those on/off HAART requires further investigation.
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INTRODUCTION

Suboptimal vitamin D (vitD) status is prevalent in HIV-infected patients and associated with 

increased risk of disease severity and morbidity.1–4 Low serum 25-hydroxyvitamin D 

(25(OH)D) and disease severity associations are noted in antiretroviral-treated and treatment 

naïve patients, with little information in those with perinatally- (PHIV) or behaviorally-

acquired HIV infection (BHIV).1;2 VitD and its metabolites are required for essential 

functions including immune modulation through adaptive and innate mechanisms and anti-

inflammatory actions.5;6 Higher 25(OH)D status is associated with higher CD4+ cell 

counts7–9 and lower RNA viral load.10;11 We reported cholecalciferol (vitD3) dose (4000 

and 7000IU/d) selection trials in HIV-infected US youth12 and in Botswanan youth and 

adults (Steenhoff AP, 2014, personal communication). In both settings, short-term safety 

was established and improvements seen in several HIV immune status indicators. Efficacy, 

as 25(OH)D ≥32ng/mL in ≥80% of US participants, required 7000IU/d.12 In Botswana, both 

dose groups achieved the efficacy criteria.

Few randomized placebo controlled trials of vitD3 supplementation have been conducted in 

HIV-infected children and young adults.13;14 There are two high-dose trials: Arpadi et al15 

in PHIV children, aged 6–16y, with 100,000IU vitD3 bimonthly for 12 mo; and Havens et 

al16 in young adults, aged 18–24y, with 50,000IU vitD3 monthly for 3 mo. Post-treatment 

significant increases in 25(OH)D were found in these intermittent dose studies, but no effect 

on CD4% or RNA viral load was reported.15

Interest in non-skeletal benefits of 25(OH)D and the low cost of vitD3 supplementation 

support further investigation as adjunct therapy for HIV. The primary aim was to determine 

the long-term safety and efficacy of daily high-dose vitD3 (7000IU/d), compared with 

placebo, to sustain an increase in 25(OH)D over 12 mo in 5.0–24.9y participants with PHIV 

and BHIV. The secondary aim was to determine if supplementation modulates HIV immune 

status. To our knowledge, this is the first randomized, double-blind, placebo-controlled trial 

in HIV-infected children and young adults with daily high-dose vitD3 supplementation.

SUBJECTS AND METHODS

Subjects were from eight regional centers (July, 2011 to June, 2013). Inclusion criteria were: 

PHIV, 5.0–24.9y or BHIV, 15.0–24.9y; usual state of good health two weeks before 

enrollment. Exclusion criteria included: other adverse growth, dietary intake, or nutritional 

status conditions; pregnancy or lactation; vitD3 supplementation use. Subjects willing to 

discontinue supplementation underwent a minimum 2-mo washout period before 

treatment.17
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Parents/guardians or subjects (≥18y or emancipated minor) gave informed consent, and 

children assented. Study examinations were performed at the Children’s Hospital of 

Philadelphia (CHOP), in mornings, with blood drawn fasting. The CHOP Institutional 

Review Board approved the protocol. A monitoring committee reviewed interval data and 

established subject withdrawal rules. The trial was registered with clinicaltrials.gov as 

NCT01475890.

Intervention Adherence and Safety Monitoring

Subjects were stratified by PHIV/BHIV and randomized in parallel (1:1 ratio) to receive 

either 7000IU/d vitD3 or placebo (Life Extension, Ft. Lauderdale, FL). Those unable to 

swallow capsules took 0.49 mL/d of 400IU vitD3 or placebo drops (J.R. Carlson 

Laboratories, Inc., Arlington Heights, IL). VitD3 products were independently assessed for 

potency. Enrollment was balanced by season and reflects the age/sex distribution of PHIV/

BHIV groups. A 3.5-mo supply was provided at baseline and 3-mo visits, and a 7-mo supply 

at the 6-mo visit. Subjects returned supplement/placebo containers at each visit, residual 

capsules/volumes were recorded. Cumulative 12-mo adherence was determined (percent 

taken). Adverse events were collected at each visit by structured interviews. The vitD3 

withdrawal rule was: three consecutive 25(OH)D values <11ng/mL necessitated withdrawal 

from study and referral for treatment.

Safety and Efficacy Outcomes

The primary safety hypothesis was that 7000IU/d vitD3 supplementation for 12 mo was safe, 

defined by low incidence (<5%) of the serious adverse event of simultaneously elevated 

serum calcium and 25(OH)D >160ng/mL. The primary efficacy hypothesis was that 

7000IU/d vitD3 for 12 mo would result in increased 25(OH)D, compared with placebo. 

25(OH)D status for non-bone health outcomes was defined based on contemporaneous 

literature: sufficient, ≥32ng/mL; insufficient, 20–31.9ng/mL; deficient, <20ng/mL; and 

severely deficient, <11ng/mL.18–20 Secondary outcomes included HIV immune status, vitD-

related and metabolic variables.

Laboratory Assessments

Serum 25(OH)D was determined using liquid chromatography tandem mass spectrometry 

(CHOP Laboratory), serum 1,25-dihydroxyvitamin D (1,25(OH)D) and intact parathyroid 

hormone (PTH) by radioimmunoassay (Heartland Assays, Ames, IA), and vitD binding 

protein (VDBP) by enzyme linked immunosorbent assay (R&D Systems, Minneapolis, 

MN). Bioavailable 25(OH)D not bound to VDBP or albumin was calculated.21

At all visits, safety assessments for serum calcium, phosphorus, and gamma-glutamyl 

transferase (GGT) (CHOP Laboratory). A comprehensive metabolic panel and lipid panel 

were assessed. Insulin was measured (ARUP Laboratories, Salt Lake City, UT) at baseline 

and 6 mo, and serum neopterin (EIA, MP Biomedicals, Solon, OH) at baseline and 3 mo. 

Urine was collected at each visit for calcium and creatinine (CHOP Laboratory).
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Immunologic and Virologic Assessments

HIV-1 RNA plasma quantitative assay for viral load (copies/mL) was performed (CHOP 

Laboratory), and HIV-specific multicolor flow cytometry immunophenotyping assessed at 

each visit with a Becton Dickinson LSR II flow cytometer and BD FACSDiva software 

(Becton Dickinson, San Diego, CA).22 White blood cell count, absolute lymphocyte count, 

and immunophenotyping of peripheral lymphocytes were performed as previously 

described.23 The expression of natural cytotoxicity receptors, NKp46, NKp44 and NKp30, 

on natural killer (NK) cells was measured.12

Anthropometry, Skin Reflectance and Dietary Intake Assessments

Anthropometric measurements were obtained following standard techniques.24 Age- and 

sex-specific z-scores for height, weight and BMI (kg/m2) were calculated;25 19.9y was used 

for subjects 20.0–24.9y. Baseline pubertal status was determined by self-assessment 

questionnaire26 in subjects <18y (≥18y assumed fully mature). Skin reflectance of inner arm 

determined the melanin (pigmentation) and erythema (vascularization) indices (DSM II 

Colorimeter, Cortex Technology, Hadsund, Denmark).

At baseline, three 24-hour dietary recalls were obtained and averaged (Nutrition Data 

System, University of Minnesota Nutrition Coordinating Center, Minneapolis, MN). VitD 

and calcium intakes were compared with Recommended Dietary Allowance (RDA).27

Health History

Medical record reviews documented HIV disease status (CDC classification),12;24 age at 

diagnosis and initiation of highly active antiretroviral therapy (HAART). HAART was 

categorized as protease inhibitor- (PI), non-nucleoside reverse transcriptase inhibitor- 

(NNRTI), and nucleoside reverse transcriptase inhibitor-based (NRTI) regimens, and 

whether tenofovir or efavirenz were part of regimens. Medication and supplement use were 

from medical records and socio-demographic information by questionnaire.

Sample Size and Power

The sample size was based upon the assumption that change in 25(OH)D from baseline to 

12 mo for placebo group will be zero, while change in supplementation group will be 

14.9ng/mL, standard deviation (SD), 13.5ng/mL.28 A sample size of 17 subjects per arm 

was required to demonstrate an increase in 25(OH)D from baseline 17.1ng/mL to a target 

goal of ≥32ng/mL with supplementation, with 80% power and α=0.02. The 17.1ng/mL 

value was determined from our study in Philadelphia children.7

Statistical Analyses

Statistical analyses were performed using SAS 9.3 (SAS Institute, Cary, NC) or STATA 

12.0 (STATA, College Station, TX) and using intention-to-treat models, except for 

exploratory analyses for magnitude of effect of secondary outcomes. Variables were tested 

for normality, and either transformed, and/or results were confirmed using nonparametric 

tests. RNA (copies/mL) was the only variable that was so skewed that it required 

transformation and is presented as log10. Several immune outcomes had results confirmed 
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using transformed data. Continuous variables are presented as mean±SD. Least square 

means (LSMean) from regression or mixed models are LSMean±SE. Comparisons between 

randomization groups were made at baseline using Student’s t-tests (continuous) and 

Pearson’s chi-square tests or Fisher’s exact tests (categorical variables).

For longitudinal efficacy data, difference between randomization groups at each visit time 

was tested using an unpaired Student’s t-test and change from baseline within each 

randomization group by paired t-test. Persistence of response over the three study visits was 

assessed using mixed models (SAS PROC MIXED), i.e., multilevel regression models, and 

generalized autoregressive structure, adjusting for baseline values and controlling for visit. 

Results from mixed models (LSMeans±SE) are the fixed effects of randomization group; 

tests of significance were made with values log10-transformed. The mixed model allows for 

inclusion of all subjects, including drop-outs, those with missing values, and those 

withdrawn for persistently low 25(OH)D in the regressions. HIV immune status was 

analyzed similarly. For those with missing RNA viral load at baseline, a value of 2.2 log10 

copies/mL was used (mean for all log10 values, including for those with undetectable levels 

as 1.6/√2).

Exploratory analyses using multiple regression models with randomization groups combined 

were used to assess associations among baseline 25(OH)D, change (Δ) in 25(OH)D, and 

immune status outcomes. Other potential predictors tested included age, sex, African-

American race, season, enrollment date, HAART use at baseline, and whether HAART 

status changed during the study. Statistical significance level was set at P=0.05 for all tests.

RESULTS

Fifty-eight subjects were recruited (Figure 1), 28 randomized to placebo and 30 to vitD3 

supplementation. One after baseline (supplementation group) and three subjects after 6 mo 

(one placebo, two supplementation) were lost to follow-up. Four subjects (placebo group) 

were withdrawn after 6 mo and referred for treatment.

Subjects were enrolled over all seasons, were 67% male, 84% African-American, 16% 

Hispanic, and aged 20.7±3.7y (range 9.6–24.9) (Table 1). Growth status was adequate, one-

third were PHIV, and two-thirds BHIV. At baseline, 95% were suboptimal for 25(OH)D, 

64% deficient, and 26% severely deficient. Dietary vitD intake was low, with intake for half 

of subjects <30% RDA. Randomization groups did not differ in demographic disposition, 

growth or maturity status, vitD and metabolic status, safety measures, HIV disease status, 

PHIV/BHIV, years since HIV diagnosis, or HAART status.

Safety and Metabolic Outcomes

No subject experienced the study-defined serious safety event; in fact, none had 25(OH)D 

>80ng/mL at any time. Randomization groups did not differ in any safety measure or 

reported adverse events. There was no change from baseline for any safety measure except 

serum calcium which increased from 9.5±0.4 to 9.6±0.4mg/dL at 12 mo (P<0.05) in the 

supplementation group (not shown). No changes were noted in metabolic outcomes, growth, 

or BMI status with either placebo or supplementation, nor between groups
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Efficacy Outcomes

Supplementation was effective over 12 mo in increasing 25(OH)D (Table 2). More subjects 

in the supplementation compared with placebo group exceeded the 25(OH)D cut-off value 

for sufficiency (≥32ng/mL) at 3 mo (40% vs 4%, P<0.01) and 12 mo (33% vs 9%, P<0.05), 

the deficiency cut-off (≥20ng/mL) at 3 mo (83% vs 33%, P<0.001), and the severe 

deficiency cut-off value (≥11ng/mL) out to 12 mo (93% vs 61%, P<0.02). In unadjusted 

analyses, 25(OH)D with supplementation was higher than baseline at 3, 6 and 12 mo; 

25(OH)D for the placebo group remained unchanged. In mixed models, controlling for study 

visit time and adjusting for baseline value, 25(OH)D response to supplementation across the 

12 mo was significantly different from placebo (+12.1±2.8ng/mL). VDBP did not differ 

between groups at baseline (122±91 and 150±97 μg/mL, placebo and supplementation, 

respectively). Free and bioavailable 25(OH)D showed responses to 12 mo and overall; 

1,25(OH)D showed response to 6 mo and overall with supplementation. There was no 

change in PTH. Melanin index skin reflectance was negatively associated with VDBP (r=

−0.45, P<0.001), and erythema index was positively associated with bioavailable 25(OH)D 

(r=0.28, P=0.049). Adherence to supplement/placebo was 92±13% over 3 mo and 92±8% 

over 12 mo, with no differences between groups.

Secondary Outcomes

Several immune indicators improved with supplementation (Table 3). For those with a 

detectable RNA viral load at any time point, in mixed models adjusting for baseline viral 

load, the supplementation group viral load was less. Detectable RNA viral load (copies/mL) 

continued to rise for the placebo group and stayed at a higher level. Exclusion of subjects 

who were missing and/or undetectable at baseline but had detectable levels at later points 

did not change the significance of these findings.

For CD3%, CD4%, Th memory% and Th naïve%, differences over time are in the direction 

of indicating clinical improvement for the supplementation group compared with placebo, 

with marginal or significant changes in CD4% and Th naïve%, respectively. Neopterin was 

unchanged from baseline to 3 mo for both groups (not shown). There were no significant 

differences for other immunologic markers.

Further analyses were conducted to determine if HAART was associated with changes in 

25(OH)D and immune indicators. In these models, changes in HAART status (on/off) over 

the course of the study were covaried. For 25(OH)D, there was a significant 25(OH)D and 

HAART interaction such that in post hoc comparisons vitD3 supplementation appeared 

effective only in the presence of HAART. For those in the supplementation group on 

HAART at baseline, the fixed effect was 33.3±2.1ng/mL, compared with 17.2±4.1ng/mL for 

those off HAART (P<0.01). There were no differences in 25(OH)D for the placebo group 

by HAART status. For Th naïve%, the pattern was similar, with supplementation improving 

status only with HAART. The response on HAART for Th naïve% with supplementation 

(47.4±1.0%) compared with placebo (43.2±1.1%) was significant (P<0.01).
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Vitamin D Status Predicting HIV Immune Status

Table 4 presents the results of exploratory regression models including all subjects with 

baseline 25(OH)D and change (increase or decrease) in 25(OH)D (Δ25(OH)D) predicting 

immune markers at 3 and 12 mo, after adjusting for covariates. Δ25(OH)D significantly 

negatively predicted RNA viral load at 3 and 12 mo; increased 25(OH)D predicted a 

significant decrease in viral load over time. For those with detectable viral load at baseline, 

this remained significant at 3 mo. Δ25(OH)D significantly positively predicted CD4% at 3 

mo, with baseline 25(OH)D showing a marginal effect. Both baseline and Δ25(OH)D 

significantly negatively predict NK% at 3 mo and baseline 25(OH)D significantly negatively 

predicted NK% at 12 mo. Baseline 25(OH)D also negatively predicted HLA-DR%, a marker 

of immune activation, at 3 and 12 mo with Δ25(OH)D having a marginal negative effect. At 

3 mo only, Δ25(OH)D significantly positively predicted Th naïve%. In summary, RNA viral 

load was decreased with increased 25(OH)D short- and long-term, and CD4% and Th naïve

% were increased and NK% decreased short-term. Conversely, decreased 25(OH)D was 

associated with increased RNA viral load and NK%, and decreased CD4% and Th naïve%. 

Subjects with higher 25(OH)D at baseline had greater reductions in NK% and HLA-DR% 

short- and long-term. There were no significant seasonal effects on Δ25(OH)D or immune 

outcomes.

DISCUSSION

This 12-mo randomized, double-blind, placebo-controlled trial in predominantly African-

American HIV-infected subjects with PHIV and BHIV demonstrated the safety and efficacy 

of 7000IU/d vitD3 supplementation. Supplementation improved vitD status and several 

markers of HIV immune status, including increased CD4% and decreased RNA viral load. 

These latter improvements appear small but are statistically significant and may be clinically 

meaningful.29 HAART status predicted the change with supplementation in 25(OH)D and 

HIV immune markers. Our sample was 95% insufficient at baseline, 64% deficient, and 

26% severely deficient. Others have reported similar 25(OH)D status in HIV-infected 

children and adults,7;15;16;30–36 and those with poor status are at risk for greater disease 

severity.1;2;8;10 African-Americans are disproportionately affected by HIV infection and are 

at high risk for 25(OH)D deficiency.37 Low 25(OH)D status in our inner-city sample may be 

due to a combination of inadequate sunlight, low dietary/supplemental vitD intake, skin 

pigmentation, specific drug therapy, malabsorption, or unknown HIV-associated factors. 

Participants are similar to the HIV-infected population currently in care in the US, with 45% 

asymptomatic for HIV and 56% with undetectable RNA viral load. This was the first 

randomized, clinical trial evaluating the long-term safety and efficacy of daily high-dose 

vitD3 in HIV-infected children and young adults. A daily dose regimen may have a clinical 

advantage by maintaining stable increased 25(OH)D.

Treatment was safe. No subject experienced a study-defined serious safety event, and none 

had 25(OH)D >80ng/mL. These results are consistent with trials in healthy adults and 

African-Americans using 4000IU/d to 10,000IU/d without adverse events20;38–40 and in 

HIV-infected subjects.12;41 This extends our 3-mo findings that both 4000IU/d and 

7000IU/d vitD3 are safe and well-tolerated in HIV-infected participants.12

Stallings et al. Page 7

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementation with 7000IU/d maintained a +12.1±2.8ng/mL increase in 25(OH)D, 

compared with placebo. Similar 25(OH)D responses were found in the three placebo-

controlled trials of HIV-infected children and young adults that used very high doses in non-

daily dose regimens, i.e., 100,000IU every 3 mo for 12 mo,33 100,000IU every 2 mo for 12 

mo,15 and 50,000IU/mo for 3 mo.16 We found a higher 25(OH)D response than in a 

placebo-controlled trial of HIV-infected adults administered a dose of 4000IU/d for 3 mo.41 

The 7000IU/d regimen improved efficacy and did not result in 25(OH)D peaks and troughs 

seen with interval dosing.15

In the present study, improved 25(OH)D with supplementation was not associated with a 

decline in PTH. Decreases in PTH with vitD3 supplementation in HIV-infected subjects 

have been reported,33;42 but not consistently,42;43 and may be associated with specific anti-

retroviral therapy (i.e., tenofovir).43;44 In order to assess the full magnitude of potential 

efficacy, more sensitive and specific adherence measures to both supplement and HIV 

treatment are needed.

There is a need to determine the dose regimen to optimize 25(OH)D for subjects with 

increased risk for cardiovascular and immune-mediated diseases, including HIV.45 Several 

studies have reported high-dose (≥4000IU/d) safety and efficacy in healthy adults and 

concluded that vitD3 as high as 10,000IU/d was safe.38–40 The optimal 25(OH)D needed to 

affect disease outcomes, i.e., ≥20ng/mL, ≥30ng/mL, ≥32ng/mL, or other concentration, is 

unknown, and trials are needed in different disease and patient groups. The concentration 

needed will likely differ by disease diagnoses or population, such as African-Americans. In 

a 3-mo, placebo-controlled trial of over 300 healthy African-American adults, Ng et al20 

estimated that 1640IU/d was needed to raise 25(OH)D to ≥20ng/mL in ≥97.5% of subjects; 

4000IU/d was needed to achieve ≥33ng/mL for ≥80%. The response of healthy and HIV-

infected African-Americans to vitD3 supplementation is also influenced by VDBP genetics. 

Individuals of African descent have lower VDBP which may result in a greater proportion of 

25(OH)D as free or bioavailable for cellular function.46–48 Targeted trials in diverse 

population and health settings are needed to develop therapeutic regimens.

We demonstrate that subjects receiving 7000IU/d vitD3 had some improvement in HIV 

immune status, with increased CD4% and Th naïve%, and in those with baseline detectable 

RNA viral load, decreased viral load by 12 mo. Furthermore, after controlling for age, 

African-American race, and HAART status, a positive change in 25(OH)D significantly 

predicted higher CD4% and Th naïve% and lower NK% at 3 mo and lower RNA viral load 

at 3 and 12 mo. Better 25(OH)D status at baseline was associated with lower NK% and 

activated cytotoxic T cells (HLA-DR%). This confirms the dosing study findings in 

predominantly African-American HIV-infected children and young adults from 

Philadelphia,12 where CD4% increased and RNA viral load, NK% and HLA-DR% 

decreased after 3-mo supplementation with either 4000 or 7000IU/d. Similarly, in our 

Botswana study, 3-mo supplementation with 7000IU/d was associated with higher CD4% 

and lower RNA viral load (Steenhoff AP, 2014, personal communication).

VitD affects immune cells that help control HIV infection, including macrophages49 and T 

lymphocytes,30 and is known to stimulate monocyte differentiation.50–52 Studies have 
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shown an association between higher 1,25(OH)D and increased CD4+ cell counts,8;53–55 

expansion of activated CD4+ and regulatory T cells,56 and decreased RNA viral load.10;11 

VitD3 trials have not always demonstrated improvement in HIV disease progression, either 

increased CD4% and/or reduced RNA viral load.15;32 In these studies, supplementation was 

provided as non-daily doses, not exceeding the equivalent of 1700IU/d. Perhaps higher and 

daily doses are necessary to provide sustained improvement in vitD status and impact HIV 

disease progression.

HIV-infected people with high RNA viral load are likely to have increased proportion of 

activated cytotoxic T cells.57;58 Furthermore, untreated HIV-infected subjects with low 

CD4+ cell counts (<50/mm3) had significantly higher NK cell counts and cytotoxic activity 

compared with healthier HIV-infected people.59 The reduction in HLA-DR% and NK% 

with vitD3 supplementation may reflect improved RNA viral load and CD4%. Further 

studies are needed to explore this mechanism.

Although the numbers are small, this study included subjects both on HAART and HAART 

naïve, so that we compared vitD status by HAART status. VitD3 supplementation was 

effective in increasing 25(OH)D and in improving Th naïve% only with HAART. Some 

antiretroviral drugs are known to interfere with vitD metabolism.16;43;60–62 While the 

association between specific classes of HAART and poorer vitD status has been documented 

in cross-sectional studies, particularly for NNRTI- (efavirenz, nevirapine),63–65 PI-,60 and 

tenofovir-containing regimens,43;66 little is known regarding the response to vitD3 

supplementation for subjects on HAART compared with HAART naïve. In our previous 

study, either 4000 or 7000IU/d for 3 mo was effective in increasing 25(OH)D in subjects on 

HAART.12 The mechanisms for differential response to vitD3 supplementation by HAART 

status are unknown, may include adherence to treatment and require further study. A 

limitation of this trial is that adherence to HIV treatment (HAART) was not measured and 

adherence to study treatment was measured only by self-report and return of residuals. With 

full adherence to HAART and supplementation, our results may have been more significant.

In summary, 12-mo daily, high-dose vitD3 supplementation in children and young adults 

with HIV was safe and resulted in a significant increase in 25(OH)D in subjects on HAART. 

This increase was accompanied by small improvement in several markers of HIV immune 

status. The recent non-vitD3 micronutrient study in asymptomatic, HAART-naïve HIV-

infected adults in Botswana also demonstrated safety and reduced risk of immune decline 

and morbidity with a nutrition intervention.67 Large scale studies are needed to confirm the 

potential immunologic and virologic benefits of high-dose vitD3 supplementation.
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FIGURE 1. 
Flow diagram for subjects randomized, drop-outs, and completing the placebo-controlled 

trial of daily 7000IU vitamin D3 supplementation in HIV-infected children and young 

adults.
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TABLE 1

Background, Individual, and Disease Characteristics of Subjects with HIV by Randomization Group at 

Baseline

All (n = 58) Placebo (n = 28) VitD3 Supplementation (n = 30)

Background characteristics

Age (y) 20.7 ± 3.7* 20.0 ± 4.1 21.3 ± 3.3

Sex, male, n (%) 39 (67) 19 (68) 20 (67)

Racial identification, n (%)

 African-American 49 (84) 23 (82) 26 (87)

 White 2 (3) 2 (7) 0 (0)

 Other and mixed 7 (12) 3 (11) 4 (13)

Hispanic ethnicity, n (%) 9 (16) 5 (17) 4 (13)

Skin reflectance indices†

 Melanin index 74.8 ± 18.5 70.8 ± 18.8 78.8 ± 17.7

 Erythema index 18.1 ± 2.6 17.6 ± 2.9 18.7 ± 2.3

Season at enrollment, n (%)

 Summer/Fall 20 (34) 8 (28) 12 (40)

 Winter/Spring 38 (66) 20 (72) 18 (60)

Individual characteristics

Height-for-age (z score) −0.29 ± 1.03 −0.21 ± 0.91 −0.36 ± 1.14

Weight-for-age (z score) 0.11 ± 1.27 0.25 ± 1.25 −0.12 ± 1.28

BMI (kg/m2) 24.2 ± 6.6 24.9 ± 8.0 23.5 ± 5.0

BMI-for-age (z score) 0.14 ± 1.26 0.25 ± 1.25 0.04 ± 1.29

Tanner stage 5, n (%)‡ 49 (85) 22 (79) 27 (90)

Vitamin D status

25(OH)D (ng/mL) 17.6 ± 8.7 17.0 ± 9.2 18.2 ± 8.4

25(OH)D classification, n (%)

 < 11 ng/mL 15 (26) 9 (32) 6 (20)

 11–19.9 ng/mL 22 (38) 8 (29) 14 (47)

 20–31.9 ng/mL 18 (31) 10 (36) 8 (27)

 ≥32 ng/mL 3 (5) 1 (4) 2 (7)

Dietary vitamin D intake (% RDA)§ 30 ± 33 29 ± 26 30 ± 20

Dietary calcium intake (% RDA)§ 78 ± 35 71 ± 29 85 ± 39

Safety measures

Calcium (mg/dL) 9.4 ± 0.4 9.4 ± 0.4 9.5 ± 0.4

Phosphorus (mg/dL) 4.0 ± 0.6 4.1 ± 0.6 4.0 ± 0.6

Urinary calcium/creatinine (mg/dL) 0.05 ± 0.05 0.06 ± 0.06 0.05 ± 0.04

Alanine aminotransferase (U/L) 30 ± 11 31 ± 10 28 ± 12

Gamma-glutamyl transferase (U/L) 34 ± 19 35 ± 23 34 ± 15

Metabolic status

Glucose (mg/dL) 81 ± 10 81 ± 9 81 ± 12
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All (n = 58) Placebo (n = 28) VitD3 Supplementation (n = 30)

Insulin (μIU/mL) 14.4 ± 11.4 15.2 ± 11.8 13.7 ± 11.3

Triglycerides (mg/dL) 88 ± 56 93 ± 79 84 ± 29

LDL cholesterol (mg/dL) 96 ± 28 93 ± 30 99 ± 28

Disease characteristics

Acquisition route, n (%)

 Perinatal 21 (36) 11 (39) 10 (33)

 Behavioral 37 (64) 17 (61) 20 (67)

Age at diagnosis (y) 12.5 ± 8.6 11.6 ± 8.8 13.3 ± 8.5

Years since diagnosis (y) 8.2 ± 7.1 8.4 ± 6.6 8.0 ± 7.5

Age at HAART (y)¶ 11.7 ± 9.5 9.8 ± 9.4 13.5 ± 9.4

Years on HAART (y)¶ 8.4 ± 7.4 9.3 ± 7.3 7.6 ± 7.5

On HAART (yes), n (%) 44 (76) 21 (75) 23 (77)

 PI, n (%)|| 21 (48) 7 (33) 14 (61)

 NNRTI, n (%)|| 24 (55) 14 (67) 10 (43)

 Efavirenz, n (%) 21 (48) 11 (52) 10 (43)

 NRTI, n (%)|| 44 (100) 21 (100) 23 (100)

 Tenofovir, n (%) 34 (77) 16 (76) 18 (78)

RNA detectable (yes), n (%)** 24 (44) 11 (41) 13 (46)

RNA viral load (log10 copies/mL)†† 3.17 ± 0.96 3.29 ± 0.92 3.06 ± 1.02

T helper cells % (CD4%) 31.8 ± 12.1 32.9 ± 14.4 30.8 ± 9.5

Immunity category at baseline, n (%)

 CD4+ count ≥ 500 36 (62) 17 (61) 19 (63)

 CD4+ count 200–499 19 (33) 9 (32) 10 (33)

 CD4+ count < 200 3 (5) 2 (7) 1 (3)

Serum neopterin (ng/mL) 3.3 ± 2.3 3.2 ± 2.1 3.4 ± 2.6

Abbreviations: BMI, body mass index; HAART, highly active antiretroviral therapy; LDL cholesterol, low-density lipoprotein cholesterol; NNRTI, 
non-nucleoside reverse transcriptase inhibitors; NRTI, nucleoside reverse transcriptase inhibitors; PI, protease inhibitors; VitD3, vitamin D3; 

25(OH)D, 25-hydroxyvitamin D.

Data are mean ± SD or number (%).

*
There were no significant differences between the placebo and vitamin D3 supplementation groups for any of the baseline, individual, vitamin D 

status, safety, metabolic status, dietary intake, or disease characteristics. All blood status values are from analyses on serum. The table includes the 
one subject in the placebo group who had no follow-up, i.e., dropped out after the baseline visit; analyses excluding the subject with no follow-up 
did not change the pattern of the results or significance.

†
For skin reflectance measures, n = 50 (25 placebo, 25 supplementation).

‡
Tanner stage 5 for breast (female) or genital (male) development for adolescents < 19y or presumed maturity for subjects 19y and older.

§
Intake classified as percentage of the RDA for age and sex established in 2010 IOM report.37

¶
For age at HAART initiation and years on HAART, n = 44 subjects who were on HAART at baseline (21 placebo, 23 supplementation).

||
The denominators for the specific drug classes are the numbers of subjects who are on HAART, n = 44 on HAART at baseline (21 placebo, 23 

supplementation); subjects could be taking more than one drug from a class.
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**
For RNA detectable %, n = 55 (27 placebo, 28 supplementation).

††
For detectable RNA (log10 copies/mL), n = 24 (11 placebo, 13 supplementation).
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