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Abstract

Background—Observational data suggests that low vitamin D status is associated with an 

increased incidence of pulmonary tuberculosis (TB) and mortality among people living with HIV. 
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The primary aims of this study were to assess the effect of vitamin D3 supplementation on the risk 

of mortality and incidence of pulmonary TB among adults initiating antiretroviral therapy (ART).

Methods—We conducted a randomized, double-blind, placebo-controlled trial of vitamin D3 

supplementation among adults living with HIV who initiated ART with low serum 25-

hydroxyvitamin D (25(OH)D) levels at four large HIV care and treatment centers in Dar es 

Salaam, Tanzania. The vitamin D group received weekly 50,000 IU vitamin D3 supplements for 

the first month of ART followed by daily 2,000 IU vitamin D3 supplements. The placebo arm 

received a matching weekly and daily placebo regimen. The trial follow-up duration was one year 

and the primary efficacy outcomes were death and incident pulmonary TB. An intent-to-treat 

analysis was followed. This study is registered with ClinicalTrials.gov, NCT01798680, and is 

completed.

Findings—Between 24 February 2014 and 7 March 2018, 4,000 adults initiating ART were 

enrolled in the trial and followed-up for one year. A total of 415 deaths were recorded; 211 in the 

vitamin D3 group and 204 in the placebo group. Among all randomized participants, there was no 

overall effect of vitamin D3 supplementation on the risk of mortality (hazard ratio (HR): 1·04; 

95% CI: 0·85–1·25; P=0·73). There was also no difference in the overall incidence of pulmonary 

TB between the vitamin D3 (50 events) and placebo groups (67 events) (HR: 0·78; 95% CI: 0·54–

1·13; P=0·19). In terms of adverse events, the vitamin D3 regimen did not increase the risk of 

hypercalcemia (3 events vitamin D3 group, 2 events placebo group, relative risk: 1.25; 95% CI: 

0.43–3.66; Fisher’s exact P =1·00). There were 101 hospitalizations reported in the vitamin D3 

group and 94 in the placebo group (incidence rate ratio: 1.06; 95% CI: 0.80–1.41; P=0·66).

Interpretation—Additional research is needed before vitamin D3 supplementation should be 

considered for implementation in HIV care and treatment programs for the prevention of 

pulmonary TB or mortality.

Introduction

In 2018, it is estimated that 23·3 million people living with HIV (PLWHIV) worldwide were 

receiving antiretroviral therapy (ART) (1). The remarkable global scale-up of access to ART 

for PLWHIV has produced significant population-level health and economic benefits (2, 3), 

yet adults initiating ART in sub-Saharan Africa continue to experience disproportionally 

high rates of mortality during the initial months of treatment (4, 5). Tuberculosis (TB) 

remains the leading cause of death for PLWHIV and accounts for one-third of AIDS-related 

deaths (1, 6).

Vitamin D is an immunomodulatory micronutrient that has effects on both adaptive and 

innate immune responses (7). Vitamin D deficiency is common among PLWHIV and there is 

a large body of observational evidence in diverse populations that links low levels of vitamin 

D with increased risk of incident pulmonary TB and poor HIV treatment outcomes (8–11). 

In a prospective cohort study in Tanzania, we found that HIV-infected adults initiating ART 

with vitamin D deficiency (serum 25(OH)D concentrations <20 ng/mL) had approximately 

three times the risk of developing pulmonary TB and two times the risk of death as 

compared to those with serum vitamin D >30 ng/mL (10, 11). Studies have also documented 

that vitamin D deficiency in the context of HIV is associated with poorer CD4 T-cell 
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recovery (12) and greater risk HIV disease progression among HIV-infected adults on ART 

(13, 14). Trials of vitamin D supplementation for treatment of TB have shown marginal to 

no effect on time to sputum culture or smear conversion and other TB treatment outcomes 

(15, 16). However, no randomized trials to date have examined the effect of vitamin D 

supplementation for prevention of pulmonary TB or mortality for PLWHIV.

We present the first efficacy trial of vitamin D supplementation for prevention of pulmonary 

TB and mortality among HIV-infected adults initiating ART. We also examined the effect of 

the vitamin D3 supplementation regimen on serum 25-hydroxyvitamin D (25(OH)D) 

response and the safety outcome of hypercalcemia.

Methods

Study design and participants

The Trial of Vitamins-4 (ToV4) was an individually randomized, parallel group, double-

blind, placebo-controlled trial of vitamin D3 (cholecalciferol) supplementation for HIV-

infected adults initiating ART that was conducted from 24 February 2014 to 7 March 2018 

in Dar es Salaam, Tanzania. The trial protocol has been published previously (17). The trial 

protocol was approved by the Harvard T. H. Chan School of Public Health Institutional 

Review Board (IRB13–0231), the Tanzanian National Health Research Ethics Sub-

Committee (NIMR/HQ/R.8a/Vol.IX/1658), and the Tanzania Food and Drug Authority 

(TFDA13/CTR/0005/3) and was monitored by an independent data and safety board. 

Written informed consent using Kiswahili forms was obtained from all participants. The trial 

funder had no role in the trial design, data collection and analysis, or interpretation of the 

results.

Investigators enrolled Tanzanian HIV-infected adults who were initiating ART with low 

serum 25(OH)D levels from four large HIV care and treatment centers. The trial inclusion 

criteria was i) adult men or women aged ≥18 years old, ii) living with HIV, iii) had a serum 

25(OH)D concentration <30 ng/mL at the time of screening, iv) were initiating ART at the 

time of randomization, v) intended to stay in Dar es Salaam for at least 1 year, and vi) 

provided written informed consent. The exclusion criteria was: i) pregnant at the time of 

randomization or ii) enrolled in any other clinical trial. Women who became pregnant during 

follow-up discontinued the trial regimen and were discharged from the trial.

The screening visit for trial enrollment was integrated into the HIV treatment program ART 

eligibility visit. Serum 25(OH)D concentration at the screening visit was quantified with a 

commercial enzyme immunoassay (EIA) (Immunodiagnostics, Boldon, UK). Before the 

start of the trial we determined that the IDS EIA linearly overestimated 25(OH)D 

concentration as compared to the gold standard HPLC-MS/MS.(17) Accordingly, in order to 

enroll individuals with 25(OH)D <30 ng/mL, we set the inclusion threshold for trial 

eligibility with the IDS EIA test kit to 25(OH)D <37 ng/mL (see protocol (17) for details). 

Serum 25(OH)D results needed to be returned before ART initiation in order to be eligible 

for randomization.

Sudfeld et al. Page 3

Lancet HIV. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



During the trial, the Dar es Salaam HIV treatment program changed the ART eligibility 

criteria. At the start of trial enrollment in 2014, the ART initiation criteria for adults was a 

CD4 T-cell count <350 cells per μL or WHO HIV stage 3 or 4 disease. In January 2016, the 

ART initiation criteria changed to a CD4 T-cell count <500 cells per μL or WHO HIV stage 

3 or 4 disease and in June 2016 the program gradually switched to a test-and-treat strategy 

(all individuals with HIV are eligible for ART). In order to maintain generalizability of the 

trial, we enrolled individuals initiating ART, regardless of the initiation criteria at the time. 

All study participants were provided with HIV care and treatment that adhered to Tanzanian 

national guidelines. Efavirenz/lamivudine/tenofovir (EFV/3TC/TDF) was the preferred first-

line ART regimen throughout the trial. Participants received co-trimoxazole prophylaxis if 

their CD4 cell count was <200 cells per μL. All HIV/TB patients received directly observed 

therapy (DOT) with a 6-month short course regimen that included a 2-month intensive phase 

of daily rifampicin / isoniazid / pyrazinamide / ethambutol (RHZE), followed by a 4-month 

continuation phase of daily rifampicin and isoniazid (RH). Psychological and nutritional 

counselling (no food or nutritional supplements directly provided) was also provided as 

standard of care.

Randomization and Interventions

Participants were randomized to either a vitamin D3 supplementation or placebo group. The 

randomization list was computer-generated by a non-study statistician with sequence blocks 

of ten that were stratified study clinic. The vitamin D3 supplementation group received 

weekly 50,000 IU vitamin D3 oral supplements that were taken under direct observation at 

the randomization visit and for the following 3 weeks (four total 50,000 IU doses) at the 

study clinics. At one-month post-randomization, participants in the vitamin D3 group then 

received daily oral 2,000 IU vitamin D3 supplements that were to be taken daily until trial 

discharge at 1-year post randomization. Participants randomized to the placebo group 

received matching oral placebo supplements taken identically under direct observation for 

the first month followed by daily oral placebo supplements from one month until trial 

discharge. The vitamin D3 and placebo supplements were produced in the United States by 

Tischcon Corp. (Salisbury, MD) and there was no discernible difference between vitamin D3 

and placebo supplements in any aspect, including appearance, taste, smell or weight. 

Complete allocation concealment was ensured with the use of regimen bottles that were pre-

labeled with sequentially numbered participant identification numbers.

Procedures

At the randomization visit, all enrolled trials participants received a full clinical examination 

by study physicians, including WHO HIV disease staging and TB screening. Study nurses 

administered a standardized questionnaire on socio-demographic characteristics, morbidity 

and measured height and weight. All participants were followed-up at weekly clinic visits 

for 3 weeks (week 1, 2, 3) followed by monthly clinic visits starting at one month of follow-

up until trial discharge at one year. At all follow-up clinic visits, research nurses 

administered a questionnaire on morbidity within the last 28 days and recorded 

anthropometric measurements. Nurses also recorded participant reported hospitalization 

(admitted for at least one night) since the last visit at follow-up visits. Physicians also 
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performed a full clinical examination including TB screening and WHO HIV disease staging 

at each visit.

Outcomes

Participants who did not come for their scheduled clinic appointments were contacted via 

mobile phone or visited at home to assess vital status. For participants who died, a 

standardized verbal autopsy was administered to relatives or other individuals that were 

present around the time of death. Participants that died at a health facility also had events 

before the time of death documented from hospital records. Two senior HIV clinicians 

defined the cause of death by consensus and a third clinician served as a tiebreaker.

Participants were screened for pulmonary TB at all study visits and were suspected of 

having pulmonary TB if they presented with any of the following five clinical signs and 

symptoms: cough for 2 weeks or more, fever, 3 kg weight loss in one month or noticeable 

weight loss for new ART patients, night sweats, or hemoptysis. All individuals suspected of 

potentially having pulmonary TB provided a sputum specimen on the day TB was suspected 

and were given a sputum container for an early morning sputum to be collected the next day. 

A third sputum specimen was then collected under supervision by a nurse at the clinic the 

following day. The sputum smears were stained using the Ziehl-Nielsen technique and 

examined for acid-fast bacilli (AFB) by laboratory technologists. All individuals suspected 

of having pulmonary TB also received a chest X-ray. Pulmonary TB was diagnosed when at 

least one sputum smear was positive for AFB or when there were radiological features 

suggestive of TB in the absence of a positive sputum smear. During the trial the GeneXpert 

System (Cepheid, Sunnyvale, CA, USA) which used the cartridge-based Xpert MTB/RIF 

assay became available at three of the four study clinics. These clinics used a positive 

GeneXpert test to diagnose pulmonary TB among smear-negative individuals.

All participants had blood drawn at randomization, 1, 6, and 12 months post-randomization. 

Serum calcium and albumin concentrations were assessed with the Roche Cobas Integra 400 

Plus (Roche Diagnostics). Hypercalcemia was defined as albumin-adjusted calcium >2·6 

mmol/L. Serum 25(OH)D concentrations over time were assessed among a randomly 

selected sample of 400 participants who had a serum sample available from the 

randomization visit and at least one follow-up time point. 25(OH)D concentrations in this 

selected group were quantified at Children’s Hospital Boston by high-performance liquid 

chromatography tandem mass spectrometry (HPLC-MS/MS). Day-to-day precision at 

various levels of 25(OH)D ranged from 5.6% to 8.5%. Additional secondary outcomes 

included in the trial protocol (appendix p 2) are planned to be reported in the second half of 

2020 after completion of lab and statistical analyses.

Statistical Analysis

The sample size target was 4,000 participants and power calculations assumed 1:1 

randomization to either vitamin D3 or placebo, a nominal Type I error rate (alpha) of 0·05 

and a 10% loss to follow-up rate.(17) The trial had 90% power to detect a relative risk of 

0·70 if the mortality rate was 10% in the placebo group. As for pulmonary TB, if the 
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incidence was 5% in the placebo group, the trial had 86% power to detect a relative risk of 

0·60.

An intent-to-treat analysis was used as the primary analytic strategy for all analyses. The 

primary efficacy outcomes were (i) all-cause mortality and (ii) incident pulmonary TB. The 

log-rank test was used to evaluate differences in the incidence of death and pulmonary TB 

between randomized treatment groups. We also used proportional hazard regression models 

to produce hazard ratios that included a fixed effect for clinic to account for stratified 

randomization. Participants who were diagnosed with pulmonary TB at the time of 

randomization, were suspected to have TB at the randomization visit that were later 

confirmed, or were receiving anti-TB treatment on the date of randomization were excluded 

from analyses of pulmonary TB incidence. We conducted sensitivity analyses excluding 

pulmonary TB cases occurring in the first 14, 30 and 90 days of follow-up to assess the 

potential of undetected prevalent TB and unmaking TB-IRIS to affect results. In exploratory 

analyses, we also examined the effect of vitamin D3 on sputum smear-positive pulmonary 

TB, sputum smear-negative pulmonary TB, microbiologically confirmed pulmonary TB 

(sputum smear or GeneXpert positive), and high bacillary load (≥ 2+) sputum smear-positive 

pulmonary TB. Pre-specified subgroup analyses for the primary outcomes of death and 

pulmonary TB were defined in the protocol based on biologic plausibility and included: 

baseline vitamin D status (25(OH)D <20 ng/mL and ≥ 20 ng/mL), sex (male and female), 

age (<40 versus ≥ 40 years), BMI (<18.5 kg/m2 vs ≥18.5 kg/m2), CD4-T cell count (<200 vs 

≥200 cells per μL), hemoglobin (Hb) concentration, WHO HIV disease stage (I/II, III and 

IV), baseline pulmonary TB, use of isoniazid preventive therapy (IPT), ART regimen, and 

trial regimen compliance (high - 100% on weekly doses and ≥90% on daily doses and low - 

<100% on weekly doses and <90% on daily doses)(17). We used the Wald test for risk-ratio 

homogeneity to assess statistical significance of effect modification. We did not control for 

multiplicity of comparisons for effect modifiers since these were pre-specified independent 

hypotheses. We also conducted sensitivity analyses that adjusted for baseline factors which 

showed some degree of imbalance between randomization arms based on a P<0·20.

The effect of vitamin D3 supplementation on post-randomization 25(OH)D concentration 

was examined using linear mixed-effects models with a random intercept, a compound 

symmetric covariance structure, and robust standard errors. The models accounted for 

within-subject correlation and provided robust inference for fixed effects, even if the 

covariance structure was misspecified. As for adverse events, the Fisher’s exact test was 

used to evaluate differences in proportion of participants with incident hypercalcemia 

between treatment arms. We used Poisson regression to assess the incidence of 

hospitalization between treatment arms since some participants reported being hospitalized 

multiple times. All statistical analyses were performed with SAS, version 9.3 (SAS 

Institute). The study was registered at ClinicalTrial.gov, NCT01798680.

Role of the funding source

The funder of the study had no role in the study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all the 

data in the study and had final responsibility for the decision to submit for publication.
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Results

The trial began enrolling participants on 24 February 2014 and follow-up of all participants 

was completed on 7 March 2018. The trial flow diagram is presented in Figure 1. A total of 

6,250 HIV-infected individuals initiating ART were contacted for participation and 

consented to serum 25(OH)D screening. Of individuals screened, 4,848 (77·7%) had a 

25(OH)D concentration <30 ng/mL and were therefore eligible for randomization and 4,000 

participants were randomized (2,001 to vitamin D3 and 1,999 to placebo). Baseline 

characteristics were similar across randomized groups (Table 1). During the trial follow-up 

period, 19 (0.5%) participants withdrew consent and 94 (2·4%) participating women became 

pregnant and were censored. At trial discharge, 75 (1·9%) participants had unknown vital 

status (2·1% of vitamin D group and 1·7% of placebo group).

Adherence to the directly observed weekly randomized doses (50,000 IU vitamin D3 or 

placebo) was similarly high in both groups; 81·6% and 81·4% of participants took all the 

weekly doses and 98·1% and 96·0% only missed one weekly dose or took all doses in the 

vitamin D and placebo groups, respectively. Adherence to the daily regimen supplements 

(2,000 IU vitamin D3 or placebo) was also similar between groups (mean adherence of 

80·8% and 80·6% for the vitamin D and placebo groups, respectively).

Figure 2 presents the effect of randomized treatment arm on serum 25(OH)D concentrations 

during follow-up among a random sample of 400 participants. Vitamin D3 supplementation 

increased post-randomization serum 25(OH)D concentrations as compared to the placebo 

(P-value for difference in trajectory: <0·0001). 25(OH)D levels were significantly higher in 

the vitamin D3 group at the 1, 6, and 12 month time points (appendix p 3).

Among all randomized participants, there was no difference in the risk of mortality between 

randomized groups (P= 0·73) (Table 2 and Figure 3). Cause-specific mortality by 

randomized group is presented in appendix Table 2 (appendix p 4). There was no effect of 

vitamin D on the risk of pulmonary TB death between treatment arms (HR: 0·98; 95% CI: 

0·64–1·50). Table 3 presents the effect of vitamin D3 on mortality stratified by predefined 

baseline factors. The effect of vitamin D3 was found to differ by baseline WHO HIV disease 

stage (P = 0.0053) and pulmonary TB disease status (P = 0.025). There were larger 

beneficial effects among individuals initiating ART with WHO HIV Stage IV disease and 

among participants with pulmonary TB disease at baseline. In sensitivity analyses, there was 

no qualitative change in findings overall or for subgroup effects after adjusting for potential 

baseline imbalance in 25(OH)D and CD4 T-cell count between randomized groups 

(appendix p 5–7).

A total of 114 incident pulmonary TB cases were recorded, of which 57 (50%) were sputum 

smear-positive. Among sputum smear-negative TB cases, three were GeneXpert (5.3%) 

positive, while the remaining 54 cases were not tested with GeneXpert. There was no 

difference in the incidence of pulmonary TB between randomized groups (P=0·19) (Table 2 

and Figure 4). However, in an exploratory analysis, vitamin D3 supplementation reduced the 

incidence of sputum smear-positive pulmonary TB, but there was no effect on sputum 

smear-negative pulmonary TB (Table 2). Further, vitamin D3 reduced the incidence of 
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microbiologically confirmed TB and high bacillary load (≥ 2+) sputum smear-positive 

pulmonary TB (Table 2).

There was no evidence the overall effect of vitamin D on pulmonary TB was modified by 

baseline factors (appendix p 8) and there was no meaningful change in estimates after 

adjusting for baseline 25(OH)D and CD4 T-cell count (appendix p 6 and 9). We also 

assessed the potential for undetected prevalent TB cases at baseline and unmasking TB-IRIS 

to affect the results. The magnitude of the effect of vitaminD3 on the overall incidence of 

pulmonary TB remained consistent when excluding cases that occurred in the first 14, 30 

and 90 days of follow-up (appendix p 10); however, there was some indication that vitamin 

D3 may have provided a particularly strong beneficial effect on incident sputum smear-

positive pulmonary TB cases occurring after 90 days of ART.

A summary of the adverse events by treatment arm is included the appendix (appendix p 

11). Five participants were diagnosed with incident hypercalcemia during follow-up; three 

participants in the vitamin D and two in the placebo group (relative risk: 1·25; 95% CI: 

0·43–3·66; Fisher’s exact P =1·00). There were 101 hospitalizations reported in the vitamin 

D3 group and 94 in the placebo group (incidence rate ratio: 1·06; 95% CI: 0·80–1·41; 

P=0·66). There were no allergic reactions to the trial supplements recorded in the vitamin D3 

or placebo groups.

Discussion

Vitamin D3 supplementation did not have an overall effect on mortality or incidence of 

pulmonary TB among HIV-infected Tanzanian adults initiating ART with low serum vitamin 

D levels. However, vitamin D3 may have reduced mortality for the subgroups of participants 

with pulmonary TB disease or WHO stage IV disease at ART initiation. In addition, 

exploratory analyses suggested that vitamin D3 supplementation may have reduced the 

incidence of sputum smear-positive pulmonary TB and high bacillary load sputum smear-

positive pulmonary TB. The vitamin D3 supplementation regimen quickly increased and 

then maintained serum 25(OH)D levels as intended. There was no evidence that the vitamin 

D3 supplementation regimen increased the risk of hypercalcemia or other adverse events.

Our finding of no effect of vitamin D3 supplementation on mortality among all randomized 

participants is not completely in line with evidence from observational cohort studies which 

have consistently found that low serum 25(OH)D concentrations were associated with 

increased risk of death and HIV disease progression (10, 13, 18). This difference may 

partially be due to low 25(OH)D acting as a marker of infection and HIV disease severity 

that led to residual confounding in observational studies. Immune activation and infections 

can reduce serum vitamin 25(OH)D concentrations and therefore observational studies are 

unable to completely disentangle whether low 25(OH)D is either a marker of HIV disease 

severity or an indicator of potential to benefit from vitamin D supplementation (19, 20).

Nevertheless, we identified a beneficial effect of vitamin D3 among adults initiating ART 

with pulmonary TB disease and advanced HIV disease that may in part be explained by 

positive effects of supplementation on immune function for these individuals. Vitamin D has 
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range of effects on innate and adaptive immune responses that may lead to better control of 

HIV, Mycobacterium tuberculosis (Mtb), and other viral and bacterial infections (19, 21). 

Specifically, vitamin D3 supplementation may improve immune responses to TB by 

enhancing cathelicidin-mediated macrophage killing of mycobacteria (22), interferon-

gamma (IFN-γ)-mediated activity of macrophages (23), stimulation of phagolysosome 

fusion (24), and other antimicrobial pathways (7, 25). Vitamin D supplementation may also 

reduce HIV replication (26, 27) and hasten immune reconstitution (12, 20, 28). Prior 

randomized trials of vitamin D3 supplementation adjunct to TB treatment have found modest 

to no effect on sputum culture or smear conversion but were underpowered to evaluate 

mortality and only a few trials included HIV-infected individuals (15, 16). Additional trials 

are needed to confirm our mortality findings and studies are also needed to elucidate the 

biological mechanisms.

We also found no overall effect of vitamin D3 on the incidence of pulmonary TB. In an 

exploratory analysis, this appeared to be the balance of a large reduction in the incidence of 

sputum smear positive TB and minimal to no effect on sputum smear negative TB. Further 

in exploratory analyses, we observed a particularly strong beneficial effect on high bacillary 

load (≥2+) sputum smear-positive pulmonary TB. The beneficial effect of vitamin D3 

supplementation on the incidence of sputum smear-positive pulmonary is in line with the 

large body of observational evidence linking low 25(OH)D concentrations with development 

of pulmonary TB (8, 9). The mechanisms may be positive TB-specific immunologic effects 

that reduce progression from latent to active sputum smear positive pulmonary TB or those 

that reduce the risk of TB acquisition (25). In addition, vitamin D3 supplementation may 

result in better control of HIV or underlying risk factors for sputum smear positive 

pulmonary TB (11, 19, 21). Nevertheless, it is also important to consider that the difference 

in effect by sputum positivity in our trial may be due to over-diagnosis of sputum smear-

negative pulmonary TB based on clinical diagnosis using radiographic presentation. An 

effect on sputum smear-negative may have been diluted by including pneumonia, bacteremia 

and other infections that were not affected by vitamin D3 supplementation (29). Similarly, 

some individuals with paucibacillary sputum findings (scanty or 1+ AFB) may have been 

misclassified as pulmonary TB cases. As a result, future trials of vitamin D for pulmonary 

TB prevention should consider using more sensitive and specific methods for diagnosis of 

pulmonary TB such as culture, GeneXpert (including the Xpert MTB/RIF Ultra assay), urine 

lipoarabinomannan assay (LAM), and other more sensitive or specific TB diagnostics, 

particularly in the context of HIV. Further, we used the WHO-endorsed TB symptom 

screener that includes cough ≥2 weeks; however, use of cough of any duration in TB 

screening may identify more potential pulmonary TB cases (30).

Our trial has several other important limitations. First, the cumulative incidence of 

pulmonary TB in the placebo group (3.5%) was lower than expected in power calculations. 

The lower incidence may partially be due to the Dar es Salaam treatment program switching 

to a test-and-treat strategy during the course of the trial. As a result, we had lower power 

than expected to detect an effect on pulmonary TB. Second, we did not have data to define 

paradoxical TB-IRIS or unmasking TB-IRIS in direct alignment with International Network 

for the Study of HIV-associated IRIS (INSHI) consensus definitions (31). Nevertheless, the 

magnitude of the effect of vitamin D3 on overall incidence of pulmonary TB appeared to be 
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robust to exclusion of pulmonary TB cases in the first 14, 30, and 90 days of follow-up. In 

addition, although we screened individuals for low serum 25(OH)D concentrations, few 

participants in our trial had very low levels of serum 25(OH)D <10 ng/mL (<5%). As a 

result, studies in populations with more severe forms of vitamin D deficiency should be 

considered. In addition, although we a priori defined subgroups of interest for mortality and 

pulmonary TB analyses, type I errors (false positives) are possible.

There was no overall effect of vitamin D3 supplementation on pulmonary TB or death. 

However, supplementation may have improved survival among the subgroups of HIV-

infected adults initiating ART with pulmonary TB disease or advanced HIV disease. In 

addition, vitamin D3 may have reduced the incidence of sputum smear-positive pulmonary 

TB and high bacillary load pulmonary TB, which, if confirmed, suggests that vitamin D3 

supplementation may be a public health intervention to reduce TB transmission. 

Nevertheless, these secondary and exploratory findings need to be assessed in future trials 

before considering integration of vitamin D supplementation into HIV care and treatment 

programs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context

Evidence before this study

We searched PubMed from database inception to December 1, 2019, using the search 

terms “vitamin D” and (“HIV” or “tuberculosis”) for studies published in English. 

Vitamin D is an immunomodulatory micronutrient and deficiency is common among 

PLWHIV. There is a relatively large observational evidence base that has found low levels 

of vitamin D are associated with increased risk of pulmonary tuberculosis disease among 

PLWHIV as well as uninfected individuals in diverse settings. Further, cohort studies 

among PLWHIV have also documented that low levels of vitamin D are associated with 

increased risk of HIV disease progression and mortality. No published randomized trials 

to date have examined the effect of vitamin D supplementation on prevention of 

pulmonary TB disease in adults or the effect on mortality among PLWHIV.

Added value of this study

This is the first randomized trial of vitamin D supplementation for prevention of 

pulmonary TB and mortality among PLWHIV. We found no overall effect of vitamin D3 

supplementation on the risk of mortality among all randomized participants, but 

supplementation appeared to improve survival for the subgroups of adults initiating ART 

with concurrent pulmonary TB disease or WHO stage IV disease. In addition, vitamin D3 

did not reduce the overall incidence of pulmonary TB; however, in exploratory analyses 

vitamin D3 appeared to reduce the incidence of sputum smear positive pulmonary TB, 

microbiologically confirmed TB, and incident high bacillary load (≥ 2+) sputum smear-

positive pulmonary TB.

Implications of the available evidence

Vitamin D supplementation did not improve survival or reduce the overall incidence of 

TB. However, there was some indication that subgroups of PLWHIV initiating ART may 

experience survival benefits. In addition, vitamin D3 may the incidence of smear-positive 

and high bacillary load pulmonary TB. Nevertheless, our findings are not conclusive and 

additional research is needed to confirm these subgroup and exploratory findings before 

considering vitamin D supplementation as a public health program to reduce the risk of 

pulmonary TB or mortality in the context of HIV.
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Figure 1. 
Trial flow diagram
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Figure 2. 
Serum 25(OH)D concentrations at baseline, 1 month, 6 months, and 12 months by 

randomized treatment arm
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Figure 3. 
Kaplan-Meir plot for time to all-cause mortality (n=4,000)
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Figure 4. 
Kaplan-Meir plot for time to incident pulmonary tuberculosis (n=3,636)
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Table 1.

Baseline characteristics of the intention-to-treat population (n=4,000)

Vitamin D3 (n=2,001) Placebo (n=1,999)

Sex

 Female 1367 (68%) 1368 (68%)

 Male 634 (32%) 631 (32%)

Age (years) 38.6 (9.8) 38.8 (10.0)

Education*

 No formal education 308 (15%) 327 (16%)

 Primary 1294 (64%) 1294 (65%)

 Secondary/ advanced 398 (20%) 377 (19%)

Body mass index (kg/m2)*

 <18.5 440 (22%) 404 (20%)

 18.5–24.9 1038 (52%) 1064 (53%)

 ≥25.0 521 (26%) 531 (27%)

CD4 T-cell count (cells per μL)

 < 200 866 (43%) 845 (42%)

 200–349 461 (23%) 445 (22%)

 350–499 300 (15%) 333 (17%)

 ≥ 500 284 (14%) 278 (14%)

 Missing 90 (5%) 98 (5%)

WHO HIV disease stage

 I / II 744 (37%) 760 (38%)

 III 1161 (58%) 1143 (57%)

 IV 96 (5%) 96 (5%)

Baseline pulmonary TB 189 (10%) 175 (9%)

Isoniazid preventive therapy (IPT) 35 (2%) 27 (1%)

ART regimen

 Efavirenz/lamivudine/tenofovir (EFV/3TC/TDF) 1940 (97%) 1943 (97%)

 Other ART regimen 61 (3%) 56 (3%)

Mean days from vitamin D screening to randomization 10.1 (8%) 10.2 (9%)

Vitamin D status at screening visit

 Insufficient, 25(OH)D 20.0–30.0 ng/mL 955 (48%) 972 (49%)

 Moderate deficiency, 25(OH)D 10.0–19.9 ng/mL 920 (46%) 865 (43%)

 Severe deficiency, 25(OH)D 0–9.9 ng/mL 126 (6%) 162 (8%)

Data are n (%), mean (SD).

*
Data not available for all randomized participants
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