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Abstract

Study Background: Vitamin D has wide-ranging effects on the immune system, and studies suggest that low serum vitamin
D levels are associated with worse clinical outcomes in HIV. Recent studies have identified an interaction between
antiretrovirals used to treat HIV and reduced serum vitamin D levels, but these studies have been done in North American
and European populations.

Methods: Using a prospective cohort study design nested in a multinational clinical trial, we examined the effect of three
combination antiretroviral (cART) regimens on serum vitamin D levels in 270 cART-naı̈ve, HIV-infected adults in nine diverse
countries, (Brazil, Haiti, Peru, Thailand, India, Malawi, South Africa, Zimbabwe and the United States). We evaluated the
change between baseline serum vitamin D levels and vitamin D levels 24 and 48 weeks after cART initiation.

Results: Serum vitamin D levels decreased significantly from baseline to 24 weeks among those randomized to efavirenz/
lamivudine/zidovudine (mean change: 27.94 [95% Confidence Interval (CI) 210.42, 25.54] ng/ml) and efavirenz/
emtricitabine/tenofovir-DF (mean change: 26.66 [95% CI 29.40, 23.92] ng/ml) when compared to those randomized to
atazanavir/emtricitabine/didanosine-EC (mean change: 22.29 [95% CI –4.83, 0.25] ng/ml). Vitamin D levels did not change
significantly between week 24 and 48. Other factors that significantly affected serum vitamin D change included country
(p,0.001), season (p,0.001) and baseline vitamin D level (p,0.001).

Conclusion: Efavirenz-containing cART regimens adversely affected vitamin D levels in patients from economically,
geographically and racially diverse resource-limited settings. This effect was most pronounced early after cART initiation.
Research is needed to define the role of Vitamin D supplementation in HIV care.
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Introduction

Vitamin D has well-known regulatory functions in calcium

metabolism, but is also increasingly recognized as an immune

modulator [1]. It regulates pathways involved in killing intracel-

lular pathogens [2], and modulates T cells, cytokines, and

dendritic cells [3–6]. Given these wide-ranging effects, vitamin D

deficiency may lead to defects in both innate and adaptive immune

defenses.

Inadequate vitamin D (defined here as serum 25(OH) vitamin D

level ,32 ng/ml) is widespread among HIV-infected persons,

with prevalence estimates ranging from 29 to 89 percent in

European and US HIV-infected populations [7–12]. Several

studies have suggested that inadequate vitamin D levels are

associated with worse clinical outcomes [9,13–15]. Specific
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antiretroviral medications, including efavirenz and zidovudine,

have been associated with lower serum vitamin D levels and may

exacerbate this problem [16–20].

Studies examining the impact of antiretroviral medications on

vitamin D have been done in North American and European

HIV-infected populations. Genetics influence vitamin D levels, as

do factors affecting UV light exposure and absorption, such as skin

pigmentation, cultural practices, season and latitude [21–23]. In

addition, more than 90% of HIV-infected people live in resource-

limited settings (RLS), where the prevalence of vitamin deficien-

cies, including vitamin D deficiency, is high [24,25]. Given the

ongoing scale-up of antiretroviral therapy in RLS, understanding

the impact of combination antiretroviral (cART) initiation on

vitamin D levels in RLS is essential. We examined the effect of

cART initiation with three different regimens in nine geograph-

ically, economically and racially diverse countries.

Methods

Study Population
The study population was a nested cohort of the Prospective

Evaluation of Antiretrovirals in Resource Limited Settings

(PEARLS) trial (Adult AIDS Clinical Trials Group (ACTG)

A5175, NCT00084136), an open-label, randomized clinical trial

of three cART regimens. The parent study population has been

described in detail elsewhere [26], but in brief, participants were

1571 adults, 18 years or older from 9 countries (Brazil, Haiti, Peru,

Thailand, India, Malawi, South Africa, Zimbabwe and the United

States) on four continents, primarily RLS. They were HIV-

infected with a CD4 count less than 300 cells/mm3, antiretroviral

naı̈ve, not pregnant and were excluded if they were acutely ill or

had acute serious co-morbidities or laboratory abnormalities.

The study was approved by the institutional review boards and

ethics committees at participating institutions, with written,

informed consent obtained from all participants.

Design
Subjects were randomly assigned 1:1:1 to one of three open-

label regimens. Arm A was efavirenz 600 mg daily plus

lamivudine-zidovudine 150 mg/300 mg twice daily; Arm B was

atazanavir 400 mg, didanosine-EC 400 mg and emtricitabine

200 mg once daily; Arm C was efavirenz 600 mg plus emtricita-

bine-tenofovir-DF 200 mg/300 mg once daily. This sub-study

used a pre-specified subcohort of 270 participants. Thirty

participants, stratified by treatment arm, were randomly chosen

from each country.

Laboratory Methods
Serum specimens were collected before or at entry to the

PEARLS study and were stored at 270 Celsius. Serum vitamin D

levels were measured at a single Clinical Laboratory Improvement

Amendments (CLIA)-certified laboratory at the Johns Hopkins

Hospital using the chemiluminescence immunoassay (DiaSorin,

Stillwater, MN), which measures both vitamin D2 and D3 and is

reported as a total serum 25(OH) vitamin D level [27].

Definitions and Measurement
Vitamin D insufficiency was defined as 25(OH) vitamin D ,

32 ng/ml and deficiency as ,20 ng/ml [28]. Race was defined as

black, white, Asian, other, or more than one race. Seasons were

defined depending on the hemisphere of the country. For northern

hemisphere countries, spring was defined as months 3–5 (southern

hemisphere: months 9–11); summer, months 6–8 (southern

hemisphere: months 12–2); autumn, months 9–11 (southern

hemisphere: months 3–5), and winter, months 12–2 (southern

hemisphere: months 6–8). Vitamin D levels were expected to be

lower in winter and spring when compared to summer and

autumn [8,9,29]. Subsequently, in this analysis, winter and spring

were defined as ‘‘low vitamin D months’’ while the reciprocal

months were defined as ‘‘high vitamin D months.’’ Normal weight

range was defined as body mass index (BMI) 18–25 kg/m2, with

overweight .25 kg/m2.

Outcomes
The primary outcome was the change in serum 25-OH vitamin

D level between baseline and 24 weeks. The change between week

24 and 48-week was also analyzed. However since analyses

indicated that the largest change in Vitamin D occurred in the first

24 weeks post cART initiation (Figure 1), predictor models

described below only used the change between week 0 and week

24.

Statistical Analysis
Background characteristics among treatment groups were

assessed using Pearson’s chi-squared test. Mean change in vitamin

D levels from cART initiation to 24 weeks after cART initiation

and 95% confidence intervals, were estimated using linear

regression models. First, univariate models were examined. This

analysis was nested in a randomized controlled trial, which

theoretically should control for measured and unmeasured

confounder at baseline. However, some variation between groups

in confounding factors will inevitably occur by chance, and a

multivariate model that controls for additional confounders can

also be used; it can increase the precision of the estimate of the

association between exposure and outcome, as well as provide

additional information about factors beyond treatment regimens

that may affect the change in vitamin D level after cART

initiation. In choosing covariates for the multivariate linear

regression models, in addition to treatment group, all covariates

that had been shown to influence baseline vitamin D levels in this

study population [29] were initially included in the model. These

included HIV viral load, race, country, season of baseline sample,

and BMI. Sex, age, baseline vitamin D level, baseline CD4 count,

baseline hemoglobin, baseline creatinine clearance, and baseline

albumin level were also included in the multiple linear regression

models because there was biologic plausibility of the effect of the

variable on the change in vitamin D level or the covariate had face

validity as a potential confounder. Models were evaluated using

the Akaike information criterion (AIC) to determine the most

parsimonious model.

In all analyses, intention-to-treat principle was followed. The a

priori significance level was set at alpha = 0.05 for a two-sided

significance test. Data were analyzed using Stata/IC version 12.1.

Results

A total of 220 (81%) of 270 randomly selected persons had both

week 0 and week 24 vitamin D measurements, 222 (82%) had

week 0 and week 48, and 205 (76%) had weeks 0, 24, and 48. Fifty

subjects, most from a study site in India, were excluded for either

missing baseline or 24 week data. Besides country and race, those

with missing data were significantly more likely to be underweight

than other subjects, but otherwise did not differ significantly from

the rest of the sample (data not shown). Four participants who died

before 24 weeks were excluded.

Baseline age, sex, race, BMI, and baseline CD4 count, HIV

viral load, and serum vitamin D levels (median 32 ng/ml; IQR

25–39 ng/ml) were similar between treatment arm groups

Vitamin D Levels after Antiretroviral Initiation
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(Table 1). 52% of the patients had serum vitamin D levels $

32 ng/ml (adequate). In contrast, 48% of patients had serum

vitamin D levels ,32 ng/ml (insufficient) and 14% had ,20 ng/

ml (deficient).

Change in Vitamin D Levels from Baseline to Week 24
and Week 48 Post cART Initiation

Vitamin D levels decreased after cART initiation, with the

greatest decrease in the first 24 weeks (Table 2, Figure 1). In

univariate analysis comparing change in vitamin D in treatment

Table 1. Study population characteristics by treatment arm.

Characteristic Treatment Group

All A: EFV+3TC/ZDV
B: ATV + DDI +
FTC C: EFV + TDF/FTC p-value

All, no. 220 79 76 65

Sex, no. (%) Male 106 (48) 41 (52) 38 (50) 27 (42) 0.43

Female 114 (52) 38 (48) 38 (50) 38 (58)

Age–years, median (IQR) 35 (30–42) 35 (30–40) 35 (30–42) 34 (30–42) 0.88

Country, no. (%) Brazil 29 (13) 12 (15) 9 (12) 8 (12) 0.58

Haiti 27 (12) 11 (14) 11 (14) 5 (7)

India 5 (2) 2 (3) 2 (3) 1 (2)

Malawi 24 (11) 11 (14) 7 (9) 6 (9)

Peru 28 (13) 10 (13) 5 (7) 13 (20)

South Africa 26 (12) 8 (10) 10 (13) 6 (9)

Thailand 26 (12) 7 (9) 10 (13) 11 (16)

United States 27 (13) 6 (8) 10 (13) 6 (9)

Zimbabwe 28 (13) 12 (15) 10 (12) 7 (10)

Race, no. (%) White 27 (12) 5 (6) 13 (17) 9 (14) 0.46

Black 127 (57) 53 (67) 44 (58) 30 (46)

Asian 32 (15) 11 (11) 12 (16) 11 (17)

Other* 33 (16) 12 (15) 7 (9) 14 (22)

BMI, no. (%) BMI ,18.5 kg/m2 16 (7) 6 (8) 6 (8) 4 (6) 0.87

BMI 18–25 kg/m2 143 (65) 55 (70) 46 (60) 42 (65)

BMI $25 kg/m2 61 (28) 18 (22) 24 (32) 19 (29)

Prior AIDS diagnosis, no. (%) 16 (7) 6 (8) 6 (8) 4 (6) 0.92

Baseline CD4 count–cells/ml, median (IQR) 180 (87–231) 168 (64–245) 193 (126–241) 163 (82–216) 0.76

Baseline viral load–log10copies/ml, median (IQR) 5.07
(4.61–5.48)

5.07 (4.63–5.48) 5.04 (4.55–5.46) 5.07 (4.64–5.57) 0.93

Baseline vitamin D
category, no. (%)

Severely deficient (#10 ng/ml) 3 (1) 2 (3) 1 (1) 0 (0) 0.77

Deficient (10–20 ng/ml) 28 (13) 8 (10) 9 (12) 11 (17)

Insufficient (20–32 ng/ml) 74 (34) 28 (35) 26 (34) 20 (31)

Adequate ($32 ng/ml) 115 (52) 41 (52) 40 (53) 34 (52)

Baseline vitamin D–ng/ml, median (IQR) 32 (25–39) 32 (25–39) 32 (25–39) 32 (25–43) 0.89

*The majority of those reporting race as ‘‘Other’’ were Mestizo from Peru, Brazil and Haiti. Abbreviations: EFV, efavirenz; 3TC, lamivudine; ZDV, zidovudine; ATV,
atazanavir; DDI, didanosine-EC; FTC, emtricitabine; TDF, tenofovir-DF; IQR, interquartile range; BMI, body mass index (kg/m2).
doi:10.1371/journal.pone.0095164.t001

Table 2. Mean change by treatment arm in serum vitamin D, 0 to 24 weeks and 24 to 48 weeks.

Mean change, Vitamin D
ng/ml (CI) A: EFV+3TC/ZDV B: ATV+DDI +FTC C: EFV+TDF/FTC

A = B
p-value

B = C
p-value

A = C
p-value

0 to 24 week (n = 220) –7.9 (–10.4, 25.5) –2.3 (–4.8, 0.3) –6.7 (–9.4, 23.9) 0.002 0.022 0.50

24 to 48 week (n = 211) –0.22 (–2.4, 2.0) 1.5 (–0.5, 3.5) 0.63 (–2.1, 3.3) 0.24 0.59 0.62

Abbreviations: EFV, efavirenz; 3TC, lamivudine; ZDV, zidovudine; ATV, atazanavir; DDI, didanosine-EC; FTC, emtricitabine; TDF, tenofovir-DF; IQR, interquartile range; BMI,
body mass index (kg/m2).
doi:10.1371/journal.pone.0095164.t002
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arms from 0 to 24 weeks, levels declined significantly in both

efavirenz-based arms (Arm A, mean change 27.94 ng/ml (95%

confidence interval (CI) 210.42 to 25.54); Arm C, mean change

26.66 ng/ml (95% CI 29.40 to 23.92). The level in Arm B, the

atazanavir-based arm, also decreased between 0 and 24 weeks, but

this was not significant (mean change 22.30 ng/ml; 95% CI 2

4.86 to 0.25). There was no difference between the change in

Arms A and C (p = 0.498), though arms A and C both differed

from Arm B (p = 0.002 and p = 0.022 respectively). There was no

significant change between overall mean Vitamin D levels at week

24 and week 48 (p = 0.34). There was also no significant between

the specific Arms (Arm A vs Arm B, p = 0.24; Arm B vs C,

p = 0.59; and Arm A vs C, p = 0.62); Arm A, mean change 2

0.22 ng/ml (95% CI 22.41 to 21.96); Arm B, mean change

1.52 ng/ml (95% CI 20.47 to 3.51); Arm C, mean change

0.63 ng/ml (95% CI 22.06 to 3.32) (Table 2).

Independent Factors Associated with Change in Vitamin
D Levels between Week 0 and Week 24

Multivariate analysis revealed that besides treatment arm, only

country (p,0.001), baseline vitamin D (p,0.001), and season of

baseline sample (p,0.001) were significantly associated with

change in vitamin D level between week 0 and week 24. After

adjusting for these factors, the relationship between treatment

arms A and B (p,0.001) and between C and B was unchanged

(p = 0.023).

In the initial model (Model A, Table 3), which was the

saturated model with all possible confounders, country, baseline

vitamin D and season of baseline sample, and treatment arm were

the only covariates with a significant association with change in

vitamin D level. There was strong co-linearity between race and

country, and based on results from Model A, country appeared to

have a stronger relationship with change in vitamin D compared

with race. Although both variables predicted baseline vitamin D

status, when examining change in vitamin D level, race had no

significant association once controlling for country (Wald p = 0.34)

(Model A, Table 3). Race was thus excluded from Model B

(Table 3), as were baseline hemoglobin, albumin and creatinine

clearance; in analyses in which these three latter variables were

evaluated separately and together, none appeared to contribute to

the model (Wald test p = 0.25). In Model B, after adjusting for

potential factors that potentially affect change in vitamin D level

(baseline vitamin D, age, sex, CD4, viral load, country, season

BMI), the relationship between the effect of the treatment arms

was similar. It also did not change substantially in the most

parsimonious model by AIC (Model C, Table 3), which

excluded all variables except treatment arm, baseline season,

baseline vitamin D level and country.

When the analyses were repeated with percent change from

baseline vitamin D level to 24-week vitamin D level, rather than

absolute change in vitamin D level, there were no substantive

differences in the results. Those with the highest baseline vitamin

D levels showed the greatest percent decrease, and the effect of

treatment regimen on change in vitamin D was similar when

percent change was examined rather than absolute change (data

not shown).

Country did affect the change in vitamin D level (Wald p,

0.001). Declines in vitamin D level were statistically significantly

greater in India and Peru when compared with the reference

country Brazil (p = 0.043 and p = 0.025 respectively), with those in

Zimbabwe having a relative increase in vitamin D level when

compared to Brazil (p = 0.004). Because of the complex interaction

of race and geography, and previous findings that differences in

skin pigmentation and genetic polymorphisms associated with

specific racial groups affect vitamin D metabolism, further

sensitivity analyses of racial groups was performed. Blacks in the

Americas (United States, Haiti and Brazil) had a greater decline in

vitamin D level when compared to blacks from Africa (Zimbabwe,

Malawi, and South Africa) (difference in mean change 25.1 ng/

ml; 95% CI 28.3 to 21.9) (Figure 2). When US blacks were

compared to all non-US blacks, there was a larger decrease in

vitamin D level at 24 weeks (difference in mean change 29.42;

95% CI 215.2 to 23.6) ng/ml). There was no significant

interaction between treatment arm and any racial group.

Discussion

Our study demonstrated that serum vitamin D levels decline

significantly in the first 24 weeks of initiating two different

efavirenz-based regimens, but not an atazanavir-based regimen.

Furthermore, after this initial change, serum vitamin D levels did

not change significantly between week 24 and week 48, indicating

that most of the effect on vitamin D occurs soon after antiretroviral

treatment initiation. These findings were consistent in treatment-

Figure 1. Mean Vitamin D Level by Treatment Group. Abbreviations: EFV, efavirenz; 3TC, lamivudine; ZDV, zidovudine; ATV, atazanavir; DDI,
didanosine-EC; FTC, emtricitabine; TDF, tenofovir-DF.
doi:10.1371/journal.pone.0095164.g001
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naı̈ve patients across diverse racial and geographic settings,

including resource-limited settings.

A number of previous studies have shown an association

between efavirenz and increased risk of vitamin D deficiency,

although most have been done in North American or European

settings [17,19,20,30]. These include a French cohort study that

showed that efavirenz, but not other antiretroviral medications,

was associated with vitamin D deficiency [30]. Another study

among 87 HIV patients in the United States who had baseline

vitamin D levels measured prior to antiretroviral initiation and

again 6 to 12 months later found that those given efavirenz-

containing regimen had a significantly greater drop than the non-

efavirenz group [20]; a Swiss cohort found that although cART

exposure in general had no significant impact on vitamin D levels,

NNRTI use was associated with lower levels [8]. These findings

were confirmed by a cross-sectional study conducted in London,

where efavirenz use was found to be associated with severe vitamin

D deficiency (,10 ng/ml) [19]. Although efavirenz has been the

antiretroviral drug most implicated in lowering vitamin D levels,

cART regimens contain multiple medications, and it is possible

that the other medications besides efavirenz had an effect on

vitamin D. Both efavirenz and zidovudine were associated with

vitamin D deficiency in the MONET trial, which was conducted

among European HIV-positive adults on cART with HIV RNA ,

50 copies/ml, on a wide variety of regimens at baseline. In

addition, when study participants were changed to a regimen with

boosted darunavir, vitamin D levels rose, with the greatest increase

in vitamin D levels was among those who changed from efavirenz

or zidovudine [17]. However, in our study, zidovudine did not

appear to be significantly associated with change in vitamin D

level, as there was no significant difference between the arms that

contained efavirenz plus lamivudine-zidovudine when compared

to efavirenz plus emtricitabine-tenofovir-DF.

The mechanism of efavirenz’s effect on vitamin D has been

linked to induction of cytochrome P450, and the effect this has on

several enzymes in this family. These include CYP24, which

converts both 25(OH) vitamin D and the active form of vitamin D,

1,25(OH)2 vitamin D, to their inactive metabolites. Efavirenz also

reduces the expression of cytochrome CYP2R1, which hydroxyl-

ates D3 and D2, necessary for vitamin D activation [31,32].

However, it is unclear why vitamin D levels appear to drop most

sharply in the first six months after cART initiation, but then

appear to have a much smaller decline, if any, between 24 and 48

weeks. We postulate that there may be an initial induction of

cytochrome P450 enzymes by efavirenz and then stabilization

after maximal effect, and this occurs most prominently within the

first 24 weeks. Alternatively it is possible that while there are early

changes in the vitamin D protein binding [33] or regulation after

cART initiation, compensatory mechanisms stabilize vitamin D

levels over the long term, although this has yet to be clearly

elucidated.

A number of factors have been shown to affect baseline vitamin

D levels, such as BMI, non-white race, viral load, season of

sample, and country [11,18,29]. Geographical factors such as

latitude and altitude, as well as environmental factors such air

pollution, can also affect vitamin D levels; cultural practices such

avoiding sun exposure can also have an impact [23]. The relatively

high median vitamin D values in this study population compared

to other cohorts of HIV-infected individuals likely reflects the

geographic, economic, racial and cultural diversity of this study

population. In addition, we chose to include both deficiency and

insufficiency together using the recommended pre-specified cut-off

of ,32 ng/ml for the Diasorin assay because, although severe

vitamin D deficiency was relatively uncommon in our study,
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vitamin D insufficiency was relatively common in all country-race

groups and has widespread clinical relevance [28].

In this study, those who started with the highest vitamin D levels

had the greatest declines after cART initiation, examined both by

absolute change in vitamin D levels and percent change from

baseline to 24 weeks. However, once baseline vitamin D level is

controlled for, most of these other factors did not appear to

influence the decrease in vitamin D that occurs after cART

initiation. Country and season of sample were the exceptions in

this analysis. Country appeared to have a significant impact on the

change in vitamin D, although a clear pattern was not readily

apparent. A complex pattern of factors such as nutrition, racial

composition, latitude, elevation, and culture potentially affect the

role that country plays on change in vitamin D after cART

initiation. Seasonality also affects vitamin D status; those with

baseline samples drawn in summer and autumn (‘‘high vitamin D’’

seasons), and thus with 24-week samples drawn in fall or winter

(‘‘low vitamin D’’ seasons), experienced a greater drop in the six

months after cART initiation than those with a reciprocal change

from ‘‘low’’ to ‘‘high’’ vitamin D seasons. However, the effect of

treatment arm on change in vitamin D remained robust after

controlling for season and country.

Our study had some limitations. Subjects were excluded if they

had any acute illness or major lab abnormality. Thus, the clinical

trial population may be healthier than patients in routine HIV

care programs in comparable RLS. Our study was limited to three

specific anti-retroviral regimens. However, atazanavir and efavir-

enz-containing combinations are commonly used globally. In

addition, we did not have complete documentation on use of

vitamin D supplementation; however vitamin D supplementation

during the study conduct was reportedly very low in RLS. Patients

were excluded from analysis if they were missing either baseline or

24-week vitamin D data. However, apart from country, race, and

body mass index, the excluded patients did not significantly differ

from the analytic sample, and the missing data would not be

expected to bias our study results. In addition, we examined the

results based on an intention-to-treat model. A limited number of

patients switched regimens or discontinued cART after initiation

[26], but we did not have enough data or a large enough sample

size with vitamin D samples to exam the effect of stopping

antiretroviral medications on vitamin D levels.

Conclusions

Patients initiating two efavirenz-based cART regimens had a

significant early decline in their vitamin D levels when compared

to those initiating an atazanavir-based regimen. Further studies

are needed to explore whether early cART-related declines in

vitamin D level are clinically significant, what the long-term effects

may be, and whether vitamin D supplementation has any role.

Acknowledgments

We are grateful to all the study participants of A5175. We also thank our

colleagues Keri Althoff (Johns Hopkins Bloomberg School of Public

Health) and Todd Brown (Johns Hopkins University Bloomberg School of

Public Health and School of Medicine) for their input and advice, as well as

Ken Braun (Frontier Science and Technology Research Foundation) and

Laura Smeaton (Statistical and Data Analysis Center, Harvard School of

Public Health) for assistance with data management.

Figure 2. Change in vitamin D level from 0 to 24 weeks in blacks by country*. *25-OH Vitamin D level measured in ng/ml. Results are from
multivariate linear regression analysis controlling for treatment arm, season, baseline 25-OH vitamin D level, CD4, viral load, age, sex and body mass
index.
doi:10.1371/journal.pone.0095164.g002

Vitamin D Levels after Antiretroviral Initiation

PLOS ONE | www.plosone.org 7 April 2014 | Volume 9 | Issue 4 | e95164



The authors acknowledge the following members of the ACTG A5175

PEARLS study and NWCS 319 Study Teams:

ACTG A5175 PEARLS Study Team
Lead author for ACTG A5175 PEARLS Study Team: Thomas B.

Campbell, University of Colorado Denver, Aurora, CO, US; Thomas.

Campbell@ucdenver.edu.

Beatriz Grinsztejn, Evandro Chagas Clinical Research Institute, Fiocruz,

Rio de Janeiro, Brazil.

Breno Santos, M.D., Hospital Conceicao, Porto Alegre, Brazil.

Jorge Sanchez, Asociación Civil Impacta Salud y Educación, Lima,

Peru.

Cynthia Riviere, Institut Nacional de laboratoire et de Recherches, Port-

au-Prince, Haiti.

Mina C. Hosseinipour, Kamuzu Central Hospital, Lilongwe, Malawi.

Johnstone Kumwenda, Department of Medicine, College of Medicine,

Blantyre, Malawi.

James Gita Hakim, University of Zimbabwe College of Health Sciences,

Harare, Zimbabwe.

Cynthia Firnhaber, Faculty of Health Sciences, Department of Internal

Medicine, University of Witwatersrand, Johannesburg, South Africa.

Umesh Lalloo, Nelson R. Mandela School of Medicine, Durban, South

Africa.

Nagalingeswaran Kumarasamy, YRG Centre for AIDS Research &

Education, Chennai, India.

Srikanth Tripathy, National AIDS Research Institute, Pune, India.

Khuanchai Supparatpinyo, Department of Medicine and Research

Institute for Health Sciences, Chiang Mai University, Chiang Mai,

Thailand.

NWCS 319 Study Team
Lead author for NWCS 319 study team: Amita Gupta, Johns

Hopkins University School of Medicine, Baltimore, MD, US; Johns

Hopkins University Bloomberg School of Public Health, Baltimore, MD,

US; agupta25@jhmi.edu.

Nikhil Gupte, Johns Hopkins University School of Medicine, Baltimore,

MD, United States; Johns Hopkins University, Byramjee Jeejeebhoy

Government Medical College HIV Clinical Trials Unit, Pune, India.

Victor De Gruttola, Center for Biostatistics in AIDS Research, Harvard

School of Public Health, Boston, Massachusetts, USA.

Nasinuku Saukila, UNC Project Lilongwe, Kamuzu Central Hospital,

Malawi.

Sandy Pillay, University of KwaZulu-Natal, Durban, South Africa.

Richard Semba, Johns Hopkins University School of Medicine,

Baltimore, Maryland, USA.

Adriana Andrade, Division of Infectious Diseases, John Hopkins

University, Baltimore, Maryland, USA.

Ashwin Balagopal, Division of Infectious Diseases, John Hopkins

University, Baltimore, Maryland, USA.

Parul Christian, Johns Hopkins Bloomberg School of Public Health,

Baltimore, Maryland, USA.

Richard Pollard, University of California Davis, California, USA.

Xiao-Dong Li, University of California Davis, California, USA.

David Asmuth, University of California Davis Medical Center,

California, USA.

Alice Tang, Tufts University, Boston, Massachusetts, USA.

Ron Mitsayasu, University of California Los Angeles, California, USA.

Author Disclosure
All authors meet criteria for authorship as recommended by the

International Committee of Medical Journal Editors (ICMJE) and were

fully responsible for all aspects of manuscript development.

Author Contributions

Analyzed the data: FH AG. Wrote the paper: FH AG. Reviewed the

manuscript: BD SWC SB JL PS NM JH TC. Laboratory analysis: BD.

Study Design: FH TC AG. Cohort Maintenance: SWC SB JL PS NM JH

TC. Data Collection: SWC SB JL PS NM JH. Obtained Funding: AG.

References

1. Holick MF (2007) Vitamin D deficiency. N Engl J Med 357: 266–281.

2. Liu PT, Stenger S, Li H, Wenzel L, Tan BH, et al. (2006) Toll-like receptor

triggering of a vitamin D-mediated human antimicrobial response. Science 311:

1770–1773.

3. Khoo AL, Joosten I, Michels M, Woestenenk R, Preijers F, et al. (2011) 1,25-

Dihydroxyvitamin D3 inhibits proliferation but not the suppressive function of

regulatory T cells in the absence of antigen-presenting cells. Immunology 134:

459–468.

4. Zhu Y, Mahon BD, Froicu M, Cantorna MT (2005) Calcium and 1 alpha, 25-

dihydroxyvitamin D3 target the TNF-alpha pathway to suppress experimental

inflammatory bowel disease. Eur J Immunol 35: 217–224.

5. von Essen MR, Kongsbak M, Schjerling P, Olgaard K, Odum N, et al. (2010)

Vitamin D controls T cell antigen receptor signaling and activation of human T

cells. Nat Immunol 11: 344–349.

6. Ferreira GB, van Etten E, Verstuyf A, Waer M, Overbergh L, et al. (2011) 1,25-

Dihydroxyvitamin D3 alters murine dendritic cell behaviour in vitro and

in vivo. Diabetes Metab Res Rev 27: 933–941.

7. Bang UC, Shakar SA, Hitz MF, Jespersen MS, Andersen O, et al. (2010)

Deficiency of 25-hydroxyvitamin D in male HIV-positive patients: a descriptive

cross-sectional study. Scand J Infect Dis 42: 306–310.

8. Mueller NJ, Fux CA, Ledergerber B, Elzi L, Schmid P, et al. (2010) High

prevalence of severe vitamin D deficiency in combined antiretroviral therapy-

naive and successfully treated Swiss HIV patients. AIDS 24: 1127–1134.

9. Viard JP, Souberbielle JC, Kirk O, Reekie J, Knysz B, et al. (2011) Vitamin D

and clinical disease progression in HIV infection: results from the EuroSIDA

study. AIDS 25: 1305–1315.

10. Van Den Bout-Van Den Beukel CJ, Fievez L, Michels M, Sweep FC, Hermus

AR, et al. (2008) Vitamin D deficiency among HIV type 1-infected individuals in

the Netherlands: effects of antiretroviral therapy. AIDS Res Hum Retroviruses

24: 1375–1382.

11. Adeyemi OM, Agniel D, French AL, Tien PC, Weber K, et al. (2011) Vitamin

D deficiency in HIV-infected and HIV-uninfected women in the United States.

J Acquir Immune Defic Syndr 57: 197–204.

12. Wasserman P, Rubin DS (2010) Highly prevalent vitamin D deficiency and

insufficiency in an urban cohort of HIV-infected men under care. AIDS Patient

Care STDS 24: 223–227.

13. Mehta S, Giovannucci E, Mugusi FM, Spiegelman D, Aboud S, et al. (2010)

Vitamin D status of HIV-infected women and its association with HIV disease

progression, anemia, and mortality. PLoS One 5: e8770.

14. Mehta S, Hunter DJ, Mugusi FM, Spiegelman D, Manji KP, et al. (2009)

Perinatal outcomes, including mother-to-child transmission of HIV, and child

mortality and their association with maternal vitamin D status in Tanzania.

J Infect Dis 200: 1022–1030.

15. Haug C, Muller F, Aukrust P, Froland SS (1994) Subnormal serum

concentration of 1,25-vitamin D in human immunodeficiency virus infection:

correlation with degree of immune deficiency and survival. J Infect Dis 169:

889–893.

16. Childs K, Welz T, Samarawickrama A, Post FA (2011) Effects of vitamin D

deficiency and combination antiretroviral therapy on bone in HIV-positive

patients. AIDS.

17. Fox J, Peters B, Prakash M, Arribas J, Hill A, et al. (2011) Improvement in

vitamin D deficiency following antiretroviral regime change: Results from the

MONET trial. AIDS Res Hum Retroviruses 27: 29–34.

18. Dao CN, Patel P, Overton ET, Rhame F, Pals SL, et al. (2011) Low vitamin D

among HIV-infected adults: prevalence of and risk factors for low vitamin D

Levels in a cohort of HIV-infected adults and comparison to prevalence among

adults in the US general population. Clin Infect Dis 52: 396–405.

19. Welz T, Childs K, Ibrahim F, Poulton M, Taylor CB, et al. (2010) Efavirenz is

associated with severe vitamin D deficiency and increased alkaline phosphatase.

AIDS 24: 1923–1928.

20. Brown TT, McComsey GA (2010) Association between initiation of antiretro-

viral therapy with efavirenz and decreases in 25-hydroxyvitamin D. Antivir Ther

15: 425–429.

21. Wang TJ, Zhang F, Richards JB, Kestenbaum B, van Meurs JB, et al. (2010)

Common genetic determinants of vitamin D insufficiency: a genome-wide

association study. Lancet 376: 180–188.

22. Greene-Finestone LS, Berger C, de Groh M, Hanley DA, Hidiroglou N, et al.

(2011) 25-Hydroxyvitamin D in Canadian adults: biological, environmental, and

behavioral correlates. Osteoporos Int 22: 1389–1399.

23. Al Anouti F, Thomas J, Abdel-Wareth L, Rajah J, Grant WB, et al. (2011)

Vitamin D deficiency and sun avoidance among university students at Abu

Dhabi, United Arab Emirates. Dermatoendocrinol 3: 235–239.

24. Wiboonchutikul S, Sungkanuparph S, Kiertiburanakul S, Chailurkit LO,

Charoenyingwattana A, et al. (2012) Vitamin D Insufficiency and Deficiency

among HIV-1-Infected Patients in a Tropical Setting. J Int Assoc Physicians

AIDS Care (Chic).

25. Nansera D, Graziano FM, Friedman DJ, Bobbs MK, Jones AN, et al. (2011)

Vitamin D and calcium levels in Ugandan adults with human immunodeficiency

virus and tuberculosis. Int J Tuberc Lung Dis 15: 1522–1527, i.

26. Campbell T SL, Kumarasamy N, Flanigan T, Sanchez J, Grinsztejn B, Tripathy

S, Kumwenda J, deGruttola V, Hakim J, and ACTG PEARLS A5175 Study

Team. Efficacy and Safety of EFV with either Co-formulated 3TC/ZDV or

Vitamin D Levels after Antiretroviral Initiation

PLOS ONE | www.plosone.org 8 April 2014 | Volume 9 | Issue 4 | e95164

agupta25@jhmi.edu
agupta25@jhmi.edu
agupta25@jhmi.edu


FTC/TDF for Initial Treatment of HIV-1-infected Men and Women in Diverse

Multinational Settings: ACTG PEARLS Study; 2011; Boston.
27. Lai H, Detrick B, Fishman EK, Gerstenblith G, Brinker JA, et al. (2012) Vitamin

D deficiency is associated with the development of subclinical coronary artery

disease in African Americans with HIV infection: a preliminary study. J Investig
Med 60: 801–807.

28. Hollis BW (2008) Assessment of vitamin D status and definition of a normal
circulating range of 25-hydroxyvitamin D. Curr Opin Endocrinol Diabetes Obes

15: 489–494.

29. Havers F SL, Detrick B, Campbell T, Bollinger R, Hakim J, Kumarasamy N,
Andrade A, Lama J, Gupta A, and the ACTG PEARLS and NWCS 319 Study

Team Vitamin D Insufficiency Is Independently Associated with HIV Disease
Progression and Death after cART Initiation in Resource-limited Settings; 2012;

Seattle, WA.

30. Allavena C, Delpierre C, Cuzin L, Rey D, Viget N, et al. (2012) High frequency

of vitamin D deficiency in HIV-infected patients: effects of HIV-related factors

and antiretroviral drugs. J Antimicrob Chemother 67: 2222–2230.

31. Cheng JB, Levine MA, Bell NH, Mangelsdorf DJ, Russell DW (2004) Genetic

evidence that the human CYP2R1 enzyme is a key vitamin D 25-hydroxylase.

Proc Natl Acad Sci U S A 101: 7711–7715.

32. Zhou C, Assem M, Tay JC, Watkins PB, Blumberg B, et al. (2006) Steroid and

xenobiotic receptor and vitamin D receptor crosstalk mediates CYP24

expression and drug-induced osteomalacia. J Clin Invest 116: 1703–1712.

33. Powe CE, Evans MK, Wenger J, Zonderman AB, Berg AH, et al. (2013)

Vitamin D-binding protein and vitamin D status of black Americans and white

Americans. N Engl J Med 369: 1991–2000.

Vitamin D Levels after Antiretroviral Initiation

PLOS ONE | www.plosone.org 9 April 2014 | Volume 9 | Issue 4 | e95164


