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Abstract

Vitamin D deficiency in HIV infection has attracted much interest. The best known clinical outcomes 
of vitamin D deficiency are rickets (children) and osteomalacia (adults). Several non-skeletal disorders 
have also been linked to suboptimal vitamin D levels in the general population. The prevalence of 
vitamin D deficiency varies widely (6-100%) across diverse patient populations, with no evidence that 
it is higher in HIV-positive versus noninfected adults. Vitamin D deficiency may blunt immune restoration 
and exacerbate HIV complications (e.g. opportunistic infections, poor perinatal outcomes, wasting, HIV 
disease progression, AIDS events, and death). The nonnucleoside reverse transcriptase inhibitor efavirenz 
was associated with a relatively high risk of vitamin D deficiency; nevirapine, etravirine, and rilpivirine 
were noted to have less or no impact on vitamin D versus efavirenz in the limited data available. Protease 
inhibitors have either no or a low association with vitamin D deficiency. Nucleoside/nucleotide 
reverse transcriptase inhibitors (with the possible exception of zidovudine) also did not appear to be 
associated with vitamin D deficiency. Management of vitamin D deficiency in HIV-positive adults has 
not been rigorously evaluated; some guidelines recommend more vitamin D supplementation for 
HIV-positive adults on antiretrovirals versus the general population (e.g. 2-3 times higher vitamin D 
daily intake for the age group; loading dose up to 10,000 IU/day for 8-10 weeks and a maintenance 
dose of 800-2,000 IU/day). In conclusion, although vitamin D deficiency in HIV-positive adults can be 
prevalent, current evidence for its causes and impact is relatively weak. More data, particularly from large, 
controlled, long-term trials, regarding the benefits of correcting vitamin D levels in HIV-positive adults 
are needed. (AIDS Rev. 2014;16:59-74)
Corresponding author: Chloe Orkin, Chloe.Orkin@bartshealth.nhs.uk
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Introduction

Vitamin D and its role in general human health have 
attracted considerable interest. Improved therapy for 
HIV infection has resulted in increased survival of HIV-
1-infected individuals, and, subsequently, interest in 
the role of vitamin D has extended to this population.

Vitamins D2 and D3 are the human-relevant forms of 
this vitamin, and their sources are shown in Fig. 11. 
The serum half-life of vitamin D3 is 36-78 hours2, and 
due to storage in adipose tissue, the total-body half-life 
is ≈ 2 months3. However, the active metabolite 1,25-di-
hydroxyvitamin D (1,25[OH]2D) has a short half-life 
(3.5-21 hours)4, and its serum levels are tightly con-
trolled5,6. Levels of the intermediate, 25-hydroxyvitamin 
D (25OHD), are commonly used to assess vitamin D 
status7 as it is the major circulating form of vitamin D1, 
has a long serum half-life of ≈ 15 days3, and levels are 
tightly regulated to between ≈ 75-220 nmol/l8. Decreases 
in serum 25OHD levels reflect clinically relevant vitamin 
D insufficiency/deficiency6. 

The major role of vitamin D is in the maintenance 
of bone health throughout life, including increasing 
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calcium and phosphorus absorption9, acting on osteo-
clasts and osteoblasts10, and negative feedback control 
of parathyroid hormone levels11. Vitamin D is essential 
for bone mineralization, and the most well-characterized 
clinical effects of vitamin D deficiency are rickets (in 
children) and osteomalacia (in children and adults)12. 

Recently, vitamin D deficiency has been implicated 
in a wide range of physiologic and disease states in 
the general population. Systematic reviews and/or 
meta-analyses have reported on the potential role of 
vitamin D insufficiency/deficiency in, e.g. cardiovascular 

disease13; peripheral artery disease14; hypertension15; 
chronic kidney disease16; chronic pain17; neuropsy-
chiatric disorders18; autoimmune diseases19; hyper-
glycemia20; certain cancers21-24; adverse pregnancy 
outcomes25; dermopathies26; and asthma27. However, 
the current evidence for vitamin D’s role in such con-
ditions is limited. 

Serum levels of 25OHD are used to define vitamin D 
status, although cutoff values for classifying insuffi-
ciency/deficiency are inconsistent. A key reason for 
this inconsistency is that the optimal 25OHD levels 
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Figure 1. Synthesis and metabolism of vitamin D. CYP: cytochrome P450; FGF-23: fibroblast growth factor 23; 1,25(OH)2D: 1,25-dihydroxyvi-
tamin D; 25(OH)D: 25-hydroxyvitamin D; UVB: ultraviolet B radiation (reproduced with kind permission from Dr. M.A. Weinstock and Acta 
Derm Venereol1).
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associated with functional (e.g. intestinal calcium absorp-
tion, parathyroid hormone levels) and clinical outcomes 
(e.g. bone fractures) vary with endpoint6,28,29. Never-
theless, general definitions for vitamin D status based 
on 25OHD serum levels have been established and 
broadly adopted: deficient < 20 ng/ml (50 nmol/l); insuf-
ficient 21-29 ng/ml (52-72 nmol/l); sufficient > 30 ng/ml 
(> 75 nmol/l)6,28. Information regarding threshold values 
of serum vitamin D levels associated with clinically 
significant changes is lacking. One study reported that 
in 398 children (≤ 15 years) with rickets, the median 
(range) 25OHD serum level was 11 (2-20) ng/ml (28 [5-50] 
nmol/l)30. The Institute of Medicine (IOM) acknowledg-
es that serum 25OHD levels of < 12 ng/ml (< 30 nmol/l) 
are associated with an increased risk of rickets29. Low 
serum 25OHD levels and osteomalacia are apparently 
linked as a study in 675 adults (20-100 years) con-
servatively estimated that osteomalacia was not seen 
at serum 25OHD levels > 30 ng/ml (> 75 nmol/l)31; an 
IOM reanalysis of these data suggested a threshold of 
< 20 ng/ml (< 50 nmol/l) serum 25OHD for development 
of osteomalacia29. 

The prevalence of vitamin D deficiency in general 
healthy populations varies depending upon its definition, 
assay used32, population characteristics, and other factors 
(e.g. season, latitude, use of supplements, etc), all of 
which impact on vitamin D status. Overall, prevalence 
of vitamin D deficiency is widely variable and can be 
very high in some studies33,34. A recent systematic re-
view reported a high prevalence of vitamin D deficiency 
worldwide, and identified specific groups vulnerable to 
developing vitamin D deficiency (young children, pregnant 
women, the elderly, the institutionalized, and nonwestern 
immigrants)35. The worldwide prevalence of vitamin D 
insufficiency/deficiency has been estimated at one billion 
people6. General factors leading to vitamin D deficiency 
include reduced exposure to sunlight for a variety of 
reasons, aging, obesity, poor dietary intake or lack 
of supplement use, drugs that increase vitamin D ca-
tabolism, as well as liver and kidney dysfunction6,28.

Strategy

This systematic review focuses on vitamin D defi-
ciency in HIV-1-infected adults by providing an overview 
of the currently available evidence on the prevalence, 
consequences, contributory factors, effect of currently 
approved antiretrovirals (ARVs), and the management 
of vitamin D deficiency in HIV-1 infection. For simplicity, 
vitamin D refers to 25OHD levels throughout, unless 
otherwise stated. 

A systematic PubMed search on HIV and vitamin D 
was conducted, as well as a limited search on abstracts 
for three major HIV meetings. These searches (for details 
see Supplementary data) identified a total of 121 articles 
that were of interest to the selected topics (Fig. 2). Of 
these 121 articles, the majority (84%) of the identified art
icles were published in 2010-2013 (2010: 16 [12 papers, 
four abstracts]; 2011: 25 [18 papers, seven abstracts]; 
2012: 41 [33 papers, eight abstracts]; 2013: 20 [19 pa-
pers, one abstract]) suggesting a growing interest in 
HIV and vitamin D. As far as could be ascertained, the 
121 articles reported 102 different studies. The four 
study types were: cross-sectional (n = 64, which in-
cluded cross-sectional analyses of cohort studies); 
case series (n = 3); cohort/prospective cohort/retro-
spective cohort (n = 24); and randomized controlled 
trials (various descriptions, n = 12). Based on information 
outlined in the IOM review of dietary reference intakes 
for calcium and vitamin D29, the quality of evidence for 
these four study types is low-moderate, moderate, 
high-moderate, and high, respectively.

Prevalence of vitamin D deficiency  
in HIV infection

The prevalence of vitamin D deficiency in HIV-posi-
tive adults was reported in 81 of the 121 articles. The vast 
majority of these papers reported on cross-sectional 
(47 articles) or cohort (27 articles) studies covering a 
wide range of populations, geographic locations, and 
primary objectives. Moreover, the definition of vitamin 
D deficiency used was not consistent across the studies. 
However, an evaluation of these data using vitamin D 
levels included in the range of 10-20 ng/ml (25-50 nmol/l, 
i.e. deficiency6) was possible. 

The prevalence of vitamin D deficiency reported by 
geographic region in HIV-positive adults was: USA 
19-100%36-53; Europe 14-81%54-79; Thailand 27-37%80,81; 
Tanzania 9.2%82; Iran 88%83,84; South Africa 45-86%85-87; 
India 73%88; Nepal 83%89; multiple locations 13-25%90,91. 
In HIV-positive women, the prevalence of vitamin D 
deficiency ranged from 6-100%53,86,92-103. In HIV-posi-
tive men, it ranged from 20-75%51,76,104-109. Collectively, 
these data indicate that vitamin D deficiency is fre-
quent, though widely variable, in HIV-positive adults. 

A question of general interest is whether the preva-
lence of vitamin D deficiency is higher in HIV-positive 

adults versus those not infected, which would justify 
special attention to vitamin D status in HIV infection. Of 
the 81 articles reporting on prevalence of vitamin D defi-
ciency in HIV-positive adults, 22 also included comparator 
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PubMed search strategy:
Search #1 : 'hiv'[MeSH] OR 'hiv' OR 'Human lmmunodeficiency Virus' OR 'Human 
lmmunodeficiency Viruses'
Search #2: 'Vitamin D Deficiency'[MeSH] OR 'Vitamin D Deficiency' OR 'Vitamin D
Deficiencies' OR 'deficiency of vitamin D' OR 'deficiencies of vitamin D' OR 'deficient  
in vitamin D' OR 'Vitamin D insufficiency' OR 'Vitamin D insufficiencies' OR 'insufficiency 
of vitamin D' OR 'insufficiencies of vitamin D' OR 'insufficient in vitamin D' OR
'Hypovitaminosis D' OR 'vitamin D'
Search #3: #1 and #2 combined (filter: published since July 2002)
Total number of papers: 323 (October 2013)

Excluded reviews: 49

Excluded articles  
not in english: 9 

and article types not  
on original studies: 68

274 titles

197 abstracts

101 papers

121 articles
included in review

Excluded based on content:
in vitro/animal studies: 27;  

pediatric/adolescent studies: 19; 
subject not relevant: 50

Search #4: 'vitamin D' on 
publically-available abstracts 
for CROI, IAC, lAS meetings 

in 2010-2013
Total number of abstracts of 

data not published as full 
papers: 20

Figure 2. Search strategy and article selection.

information from HIV-negative adults (summarized in 
Supplementary data Table S1)45,46,71,85,86,88,92,94,96-98,108-118. 
As would be expected, ARVs were used in the majority 
of these 22 studies; in 15 studies, 42-100% of HIV-
positive adults were on ARVs, whereas four studies were 
in ARV-naive patients, and in one study only 2% of 
patients received ARVs (Supplementary data Table S1). 

Although certain ARVs may result in vitamin D defi-
ciency (see Effect of antiretrovirals on vitamin D levels 
in HIV-positive patients), ARV use is only one of many 
factors potentially involved in vitamin D deficiency 
that are likely to differ between the HIV-positive and 
HIV-negative adult populations compared in these 
studies. 
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Comparison of the reported prevalence of vitamin D 
deficiency, or the actual vitamin D serum levels in the 
evaluated papers, shows that vitamin D status in HIV-
positive versus -negative adults was better in four, 
worse in eight, similar in nine, while not specified in 
one article (Supplementary data Table S1). Given the 
wide range of patient populations, geographic locations, 
different contributing factors (including ARV use), and 
that most of these studies were cross-sectional (15 of 
22), there is no conclusive evidence that vitamin D 
deficiency in HIV-positive  adults is more prevalent than 
in non-HIV-infected adults.

Potential consequences of vitamin D 
insufficiency/deficiency in HIV infection

Overall, our literature search indicated vitamin D insuf-
ficiency/deficiency as a contributory factor possibly im-
plicated in 11 conditions (i.e. diseases and physiologic 
states) in HIV-positive adults (noted in 81 of 121 papers). 
However, it must be emphasized that the strength of 
evidence is weak for several reasons: study types were 
mainly cross-sectional (n = 45 papers) or cohort (n = 26 
papers) studies; a small number of publications for any 
topic; small patient numbers in most studies. As previ-
ously mentioned, vitamin D has also been implicated 
in a wide range of conditions in the general population, 
including some of the topics noted here in HIV-positive 

adults13-15,19,20,25.

Bone health

Of the 81 papers that reported vitamin D status in 
various disease states in HIV-positive adults, 39 in-
cluded information on bone health. This is a complex 
topic confounded by differences in a wide variety of 
factors such as patient characteristics, study design, 
endpoints evaluated, etc. Therefore, unsurprisingly, the 
overall findings on the role of vitamin D in bone health 
of HIV-positive adults are inconclusive. 

The most familiar clinical manifestation of primary 
vitamin D deficiency is osteomalacia as a direct link 
between vitamin D levels and this condition has 
been reported29,31. However, none of the 39 reports 
in HIV-positive adults evaluated osteomalacia. Bone 
health topics in these 39 papers included: parathyroid 
hormone42,56,57,60,63,65,73-76,78,109,118-123; bone mark-
ers42,56,57,66,70,72,75,83,100,104,111,117,118,122-124; and bone min-
eral density as an overall endpoint76,86,104,109,115,118,122,125, 
or classified as osteopenia49,66,72,105,106,108,110,111,117,126,127, 
or osteoporosis49,66,91,105,106,111,117,126,128,129, or osteopenia/

osteoporosis combined56,100. Furthermore, ARVs were 
used by the majority of patients in most studies, with 
three studies evaluating only ARV-naive, HIV-positive 

adults86,110,117, and additional studies including ARV-naive 
groupse.g.106,108,109,111. A recent review has summarized 
the effects of ARV therapy on bone in HIV-positive 

patients130.
Hyperparathyroidism is linked to reduced bone min-

eral density, and 18 out of 39 papers reported on this 
endpoint in HIV-positive adults. These papers supported 
a link between vitamin D deficiency and elevated para-
thyroid hormone levels in a wide range of patient popu-
lations treated with ARVs42,56,57,60,63,65,73-76,78,109,118-121,123. 
Nine of these papers focused on the effects of tenofo-
vir disoproxil fumarate (TDF)60,63,65,73,74,119,120,121,123. The 
use of TDF may result in proximal renal tubulopathy, 
leading to renal calcium and phosphate depletion, 
thereby increasing serum parathyroid hormone levels 
(secondary hyperparathyroidism)131. Five of these 
studies reported an association between TDF and ele
vated parathyroid hormone levels in HIV-positive 

adults60,63,65,119,120, with several reports indicating that 
vitamin D deficiency was a key factor in this effect60,65,120. 
A small retrospective case series comparing patients 
treated with TDF-containing HAART (n = 17) with those 
receiving non-TDF regimens (n = 13) reported propor-
tionally more atraumatic foot fractures in the TDF group 
(57 vs. 43%, respectively)129. One cross-sectional study 
(n = 24)121 reported that treating calcium and vitamin 
D deficiency in HIV-positive patients receiving TDF had 
favorable effects on bone density.

Changes in bone markers in HIV-positive adults have 
been measured in studies evaluating bone health (16 of 
39 papers), although the link between vitamin D defi-
ciency and bone markers is not clear. Eight small stud-
ies noted changes in bone markers and a high preva-
lence of vitamin D deficiency, although no formal 
analyses of the potential association between vitamin D 
levels and bone markers were reported in these studies 
(cross-sectional study in 115 HIV-positive men104; 
cross-sectional study in 42 HIV-positive men124; cohort 
study with 23 African Americans and 21 non-African 
Americans56; cross-sectional study in 68 HIV-positive 

adults, 81% were men66; interventional study in 121 
HIV-positive adults, 74% were men83; cross-sectional 
study in 40 HIV-positive adults, 88% were men118; pro-
spective cohort study in 35 HIV-positive adults, 63% 
were men122; cohort study in 56 HIV-positive adults, 
77% were men123). When potential associations were 
analyzed, evidence for correlations between bone 
markers and vitamin D in HIV-positive adults was 
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inconsistent, with three out of eight studies showing a 
link42,75,117, and four out of eight studies indicating no 
association57,70,72,100. Further, one study reported a 
negative correlation between 1,25(OH)2D levels and 
bone markers111. In the two largest studies evaluating bone 
markers, one retrospective, cross-sectional cohort 
study demonstrated that in 463 HIV-positive adults in 
New York, severe vitamin D deficiency was associated 
with elevated alkaline phosphatase42, whereas a cross-
sectional survey of 1,077 HIV-positive adults in London 
reported that severe vitamin D deficiency was not as-
sociated with increased bone turnover70.

Twenty three papers in our search reported on bone 
mineral density (including osteopenia and osteoporosis) 
in HIV-positive adults. A well-known factor linked to low 
bone mineral density is gender, with postmenopausal 
women, in particular, being susceptible to developing 
osteopenia and osteoporosis. This may partly explain 
why most studies (16 of 23) identified in our search 
evaluated either all male, or predominately (over two 
thirds) male HIV-positive populations. 

Of the six studies in HIV-positive women only, two were 
in postmenopausal women126,128. In the first study, com-
pared with historic HIV-negative controls, the prevalence 
of osteoporosis was significantly higher in 31 postmeno-
pausal HIV-positive women (spine: 42 vs. 23%, p = 0.03; 
hip 1 vs. 10%, p = 0.003); however, vitamin D deficiency 
and ARV use were not associated with osteoporosis in 
these women128. In the second study in 35 postmeno-
pausal HIV-positive women, 59% were osteopenic and 
18% were osteoporotic; although the overall mean vita
min D level was low (25.8 ng/ml), no formal analysis 
linking vitamin D (or ARV use) to low bone mineral 
density was conducted126. 

Of the four remaining studies, one study in 50 ARV-
naive, HIV-positive young women (mean age 37 years), 
serum 1,25(OH)2D levels were significantly lower than 
in 50 age-matched healthy women, and 62 and 14% 
of the HIV-positive women had osteopenia and osteo-
porosis, respectively, of the lumbar spine, although 
there was no association between 1,25(OH)2D levels 
and bone mineral density117. A study in 149 ARV-naive, 
HIV-positive young women (mean age 32 years) 
showed that there were no differences in bone mineral 
density or vitamin D status compared with 98 HIV-
negative women86. In contrast, vitamin D deficiency was 
found to be associated with low bone mineral density 
in two other studies100,115. Secondly, in 75 HIV-positive 
women using ARVs (mean age 34.5 years), osteopenia 
in the lumbar spine, femoral neck, and total hip was 
significantly more prevalent in vitamin D-deficient 

patients (vitamin D levels < 10 ng/ml) than in those with 
vitamin D levels > 10 ng/ml (90 vs. 49%, p < 0.01; 69 vs. 
42%, p < 0.03; 59 vs. 22%, p < 0.001, respectively)100. 
Finally, in a longitudinal subanalysis of 100 HIV-positive 
women (mean age 40 years) from the Women’s Inter-
agency HIV Study, bone mineral density at the lumbar 
spine and femoral neck at the first visit was not sig-
nificantly different from that in HIV-negative women 
(n = 68)115. The annual decrease in bone mineral density 
was similar between HIV-positive and negative women, 
and in the HIV-positive women, vitamin D deficiency, 
but not ARV use, was associated with bone loss115.

In three studies, the prevalence of vitamin D defi-
ciency in HIV-positive men was high (33%, n = 476 [61 
with DEXA evaluations]105; 86%, n = 30108; 79%, n = 4456) 
and low bone mineral density was observed (osteopenia: 
49%105; 53-62%108; osteopenia/osteoporosis: 26-59%56; 
osteoporosis: 21%105). Another study in 115 HIV-positive 
men, 60% of whom were vitamin D deficient, reported 
no differences in total bone mineral density between 
ARV-treated and ARV-naive patients (1.06 vs. 1.11 g/cm; 
p = 0.08)104. Declining vitamin D levels and low bone 
mineral density with time were reported in two stud-
ies118,122. However, none of these six studies analyzed 
the potential association between vitamin D and low 
bone mineral density. The involvement of vitamin D 
deficiency in low bone mineral density in HIV-positive 
individuals was analyzed in the 10 remaining studies, 
seven of which demonstrated that vitamin D deficien-
cy was not associated with this bone health end-
point49,66,72,106,109,127,129. One study showed that low 
1,25(OH)2D levels were associated with low bone min-
eral density (n = 92, 65% men)111, and one study noted 
a negative correlation between vitamin D levels and 
bone mineral density (n = 43 ARV-naive patients; 65% 
men)110. A prospective cohort study in 497 HIV-positive 
adults (75% men) reported a significant association 
between severe vitamin D deficiency and low bone 
mineral density76. Thus, the majority of evidence in 
HIV-positive men (seven studies) suggests that vitamin 
D deficiency is not a confounder for low bone mineral 
density. In the largest of these seven studies (n = 312; 
88% men; 102 with bone mineral assessments), me-
dian vitamin D levels were 71, 71, and 58 nmol/l in 
patients with normal, osteopenic, and osteoporotic re-
sults, respectively72.

In 15 of the above 16 studies in predominantly HIV-
positive men, in which bone mineral density endpoints 
were measured, ARVs were used. In five of these stud-
ies, a statistical evaluation of the potential association 
of ARV use with low bone mineral density was not 
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conducted56,72,76,105,127. The ARV use was reported not 
to be associated with low bone mineral density in six 
studies49,66,104,106,108,109, whereas an association between 
ARV use and low bone mineral density was reported 
in four studies111,118,122,129.

In summary, bone health was a key endpoint for 
several studies in HIV-positive adults. Vitamin D defi-
ciency was found to be linked to elevated parathyroid 
hormone levels, and TDF-induced secondary hyper-
parathyroidism may be exacerbated by low levels of 
vitamin D. Data on bone markers and vitamin D levels 
were inconclusive. Studies evaluating bone mineral 
density (including osteopenia and osteoporosis), in 
general, did not indicate an association between vitamin 
D deficiency and low bone mineral density, although 
no study assessed osteomalacia, a more relevant end-
point linked with vitamin D deficiency. Collectively, 
these results suggest that further study is required to 
advance our understanding of the role of vitamin D in 
bone health in HIV infection. 

Other potential consequences

A potential role of vitamin D in HIV-positive adults in 
nine other health topics was also identified (in 44 out 
of 65 papers; Supplementary data Table S2). However, 
the evidence is limited based on the type of studies 
(Supplementary data Table S2). Vitamin D deficiency 
in HIV-positive adults was associated with various 
markers of cardiovascular disease37,43,52,116,132-135 in-
cluding significant coronary stenosis43, increased ca-
rotid intima-media thickness37,116 (although one study 
found no association between vitamin D deficiency and 
this endpoint88), coronary artery calcification52, and low 
flow-mediated brachial artery dilation133,134. In HIV-
positive patients with evidence of cardiovascular dis-
ease, vitamin D supplementation, whilst raising blood 
levels, did not improve flow-mediated brachial artery 
dilation over 12 weeks (n = 45)133. 

In five of six studies, increased inflammatory markers 
were reported in HIV-positive adults with low vitamin D 
levels61,74,75,89,110. Two studies noted that low vitamin 
D levels were associated with type 2 diabetes136,137, and 
in another study low vitamin D levels were linked to 
higher insulin levels138 in HIV-positive adults. One of 
these studies reported that vitamin D supplementation 
significantly reduced the hazard ratio (HR) for developing 
diabetes mellitus (HR: 0.17; 95% CI: 0.04-0.72)137. Low 
vitamin D status was associated with insulin resistance 
in three studies97,139,140, and vitamin D supplementation 
led to lower blood glucose levels in one study141. In 

contrast, one small study (n = 20) reported that insulin 
sensitivity was negatively associated with serum vitamin 
D levels in response to supplementation142. In HIV-posi-
tive pregnant women, severe anemia was possibly linked 
to vitamin D deficiency143,144. Additionally, a subanalysis 
of the US Women’s Interagency HIV study concluded a 
potential association between vitamin D deficiency and 
low ovarian function145. 

Four topics – immune function, infection, disease 
progression, and perinatal outcomes – were identified 
as having particular relevance to HIV infection. A review 
of the published evidence suggested that vitamin D 
deficiency blunted immune restoration and exacer-
bated HIV complications. Indeed, immune function was 
potentially linked with vitamin D deficiency, with six of 
nine papers reporting a positive association between 
vitamin D levels and CD4+ cell counts61,88,93,116,117,146. 
One of these studies also demonstrated that increasing 
serum vitamin D levels by supplementation resulted in 
increased numbers of activated CD4+ cells in HIV-
positive men146. In contrast, three papers noted that 
vitamin D status did not affect CD4+ cell recovery50,67,82. 
Vitamin D deficiency has also been potentially linked 
with opportunistic infections such as respiratory85,147,148 
(although two other studies did not find a link87,149), 
vaginal46,147, and oral95,148 infections in HIV-positive 
adults. Several poor perinatal outcomes have also 
been reported to be possibly linked with maternal vitamin 
D deficiency in HIV-positive pregnant women in one 
study101,150. In contrast, another study found no adverse 
pregnancy outcomes in vitamin D-deficient women103. 
Further, vitamin D deficiency has been potentially linked 
to other unfavorable outcomes including wasting147,148, 
HIV disease progression68,90,144, AIDS events68,69, and 
death68,69,82,90.

The potential link of immune function, infection, dis-
ease progression, and perinatal infection with vitamin 
D status was inconclusive and the published data were 
limited. Overall, due to limitations of the study designs 
and/or numbers of HIV-positive adults evaluated, more 
research is required to ascertain the impact of vitamin 
D deficiency on outcomes in HIV-positive patients. 

Factors associated with vitamin D 
insufficiency/deficiency in HIV-positive adults

In the search results, many studies reported factors 
potentially leading to vitamin D insufficiency/deficiency 
in HIV-positive adults (Supplementary data Table S3). 
Again, the studies varied widely in terms of study popu-
lation, location, number of subjects, primary objectives, 
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endpoints evaluated, definition of vitamin D insufficien-
cy/deficiency, statistical analyses methods (including 
covariates accounted for or not), use of supplements, 
and ARV use. Thus, a detailed evaluation of differ-
ences and apparent contradictions in factors poten-
tially involved in vitamin D insufficiency/deficiency 
across these studies is beyond the scope of this re-
view. Furthermore, the evidence for any specific factor 
associated with vitamin D insufficiency/deficiency in 
HIV-positive adults is weak.

Despite the limitations described above, it is possi-
ble to make some general observations (Supplemen-
tary data Table S3). Previous factors associated with 
vitamin D insufficiency/deficiency in the general popu-
lation (for which the evidence is strong) also appear to 
be relevant in HIV-positive adults, including certain 
patient characteristics, season, and nutritional intake. 
The majority of the “miscellaneous” factors detailed in 
Supplementary data Table S3 have also been implicated 
in vitamin D insufficiency/deficiency in the general 
population6. 

Limited evidence shows that certain HIV-specific fac-
tors may be associated with vitamin D insufficiency/
deficiency in HIV-positive adults, such as CD4+ cell 
count (five papers; Supplementary data Table S3), and 
viral load (three papers; Supplementary data Table S3). 
However, other studies contradict this evidence (Sup-
plementary data Table S3), which may reflect differ-
ences in study populations. Indeed, prospective studies 
would be required to better understand the role of HIV-
specific factors in vitamin D insufficiency/deficiency. 

Effect of antiretrovirals on vitamin D 
levels in HIV-positive patients

Antiretrovirals are a diverse group of agents. Forty-
one papers reported on the effects of different ARVs 
on vitamin D insufficiency/deficiency in HIV-positive 
adults. In 26 papers, ARV use was associated with 
vitamin D insufficiency/deficiency, whereas no asso-
ciation was noted in 20 papers (Supplementary data 
Table S3). 

As ARVs are given in combination, it is unsurprising 
that studies have not evaluated effects of individual 
drugs on vitamin D levels in HIV-positive patients. How-
ever, general conclusions can be drawn from various 
statistical analyses of the contribution of ARV class and 
specific drugs in mainly cross-sectional (n = 32) or 
cohort (n = 10) studies, as well as two randomized 
controlled trials in a wide variety of HIV-positive patient 
groups. 

Nineteen studies included general analyses of the 
effect of ARVs overall (i.e. not by ARV class or specific 
ARV) and showed no clear trend of ARV impact on vita
min D status. Of these 19 studies, 17 were cross-
sectional, thereby providing limited information, and 
only three (including one cross-sectional study) were 
longitudinal studies. One of these longitudinal studies 
(n = 422)59 reported no association between combina-
tion ARV therapy overall and vitamin D deficiency, as 
did nine other studies (n = 1698, n = 8996, n = 115104, 
n = 20038, n = 237112, n = 26375, n = 271125, n = 31272, 
n = 67380). Moreover, one small cross-sectional study 
(n = 74) reported significantly higher vitamin D serum 
levels in patients treated with HAART compared with 
treatment-naive patients127. However, the other two lon-
gitudinal studies (n = 8955, n = 40118) and six other 
studies did report that combination ARV therapy re-
sulted in vitamin D deficiency (n = 20493, n = 35109, 
n = 21499, n = 1,07770, n = 2,99454, n = not stated48). 

Collectively, these data are not consistent regarding 
the effect of ARVs in general (not separated by class/
specific agent) on vitamin D levels in HIV-positive 
adults, probably due to the low power of cross-sectional 
studies, the wide range of ARV combinations used, 
and the use of specific classes/agents with differing 
effects on vitamin D status (see Nonnucleoside reverse 
transcriptase inhibitors). However, these conflicting 
findings could also reflect the differences in study 
populations, geographic location, and other factors 
potentially associated with vitamin D deficiency. 

Nonnucleoside reverse transcriptase 
inhibitors

Findings from in vitro studies demonstrated that efa-
virenz reduced the expression of CYP2R1151, involved 
in the production of 25OHD, and induced CYP24 ex-
pression152, which is involved in the catabolism of 
25OHD and 1,25(OH)2D to their inactive metabolites 
(Fig. 1)1. Thus, there is a clinical interest regarding the 
role of efavirenz in vitamin D deficiency in HIV-positive 
adults receiving nonnucleoside reverse transcriptase 
inhibitor (NNRTI)-based ARV therapy.

Eleven studies reported on the class effect of NNRTIs 
on vitamin D status (Supplementary data Table S4). 
The association between NNRTIs and vitamin D defi-
ciency in HIV-positive adults was reported in seven of 
these studies, none of which were randomized con-
trolled trials; five were cross-sectional studies (n = 62107, 
n = 9074, n = 13937, n = 172111, n = 25467) and two were 
longitudinal (n = 21162, n = 50073). Three cross-sectional 
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studies (n = 16 pregnant women98, n = 8996, n = 1,76894) 
and one cohort study (n = 70)122 noted that NNRTI 
treatment was not predictive of vitamin D levels. Although 
most of this evidence is from cross-sectional studies, 
the overall findings are consistent across the different 
patient populations and locations. 

Most studies evaluating NNRTIs identified in our 
search focused on the effect of efavirenz (17/27 pa-
pers; Supplementary data Table S4) on vitamin D lev-
els. Only five of the 17 studies reported that efavirenz 
had no effect on vitamin D status: one longitudinal study 
(n = 42259) and four cross-sectional studies (n = 23153, 
n = 8996, n = 15851, n = 31272). Strikingly, 12 studies, 
which covered a wide range of patient populations in 
many countries, demonstrated that efavirenz use re-
sulted in vitamin D deficiency. Four longitudinal studies 
reported that vitamin D levels were significantly reduced 
with efavirenz use (n = 8955, n = 22158, n = 58091) or 
efavirenz use was significantly associated with vitamin D 
deficiency (n = 8736). Interestingly, in the longitudinal 
MONET trial, HIV-1-infected patients (n = 71) who 
switched from efavirenz (or zidovudine) to either da-
runavir/ritonavir monotherapy or darunavir/ritonavir 
plus two nucleoside reverse transcriptase inhibitors 
(NRTIs) other than zidovudine had a significant improve-
ment in vitamin D levels58. Eight large cross-sectional 
studies also reported a significant association between 
efavirenz and vitamin D deficiency (n = 17881, n = 35271, 
n = 46342, n = 67245, n = 67380, n = 1,07770, n = 2,04479, 
n = 2,99454). With the majority of studies suggestive of 
an association, there is some evidence that efavirenz 
is linked to vitamin D deficiency in HIV-positive adults. 

There has been debate about conflicting evidence 
on the effect of nevirapine on vitamin D levels in HIV-
positive adults, mainly via commentaries that were ex-
cluded from our systematic search. Our findings noted 
that in one small longitudinal study (n = 89)55, com-
pared with pre-ARV use, nevirapine and efavirenz sig-
nificantly decreased vitamin D levels after 12 months, 
whereas protease inhibitor (PI) use had no effect. In 
contrast, four larger cross-sectional studies concluded 
that nevirapine was not significantly associated with 
vitamin D deficiency (n = 22158, n = 31272, n = 1,07770, 
n = 2,99454) (Supplementary data Table S4). Therefore, 
the true effect of nevirapine on vitamin D in HIV-positive 
adults cannot be concluded with sufficient evidence. 

Only two publications detailed the potential effects 
of etravirine on vitamin D levels in HIV-positive 
adults. Both studies were cross-sectional and noted 
that etravirine appeared not to affect vitamin D levels 
(n = 2,99454, n = 31272). 

A 48-week subanalysis (n = 582) of a double-blind, 
randomized, controlled, phase III trial in ARV-naive, 
HIV-1-infected patients compared rilpivirine with efavi-
renz, both in combination with TDF/emtricitabine, with 
regards to their potential effect on serum vitamin D 
levels, and on the proportion of patients developing 
severe vitamin D deficiency after 48 weeks of ARV 
exposure91. At 48 weeks, vitamin D levels were not 
affected by rilpivirine but, consistent with above, were 
significantly decreased with efavirenz. Proportions of 
patients with severe vitamin D deficiency (< 25 nmol/l 
25OHD) at baseline were similar between groups, but 
significantly more patients had severe vitamin D defi-
ciency (< 10 ng/ml [25 nmol/l]) at week 48 with efavirenz 
compared with rilpivirine91. 

Overall, evidence from our search consistently sug-
gests that HIV-positive adults on ARVs taking an efavi-
renz-based regimen are far more likely to be vitamin D 
deficient. Although data suggest that nevirapine, etra-
virine, and rilpivirine are not linked to vitamin D defi-
ciency, evidence is more limited.

HIV protease inhibitors

Most evidence available from our search indicates 
that the PIs are not linked to vitamin D deficiency (Sup-
plementary data Table S5), although it should be noted 
that no specific information was available for tipranavir, and 
only three cross-sectional studies (n = 23153, n = 67245, 
n = 2,99454) and one cohort study (n = 70)122 men-
tioned the other PIs approved for use in HIV-positive 
adults. Nevertheless, use of PI-based regimens was 
reported to have no impact on vitamin D levels in seven 
cross-sectional studies (n = 1698, n = 23153, n = 8996, 
n = 13937, n = 31272, n = 1,07770, n = 2,99454), and 
three longitudinal studies (n = 70122, n = 8955, n = 42259). 
Specifically, darunavir, ritonavir, saquinavir, amprena-
vir, atazanavir, and lopinavir were noted to have no 
effect on vitamin D levels in a large French cross-
sectional study (n = 2,994)54. Moreover, HIV-positive 
adults receiving PIs in their combination therapy were 
at lower odds of being vitamin D deficient in four cross-
sectional studies (n = 45077, n = 46342, n = 1,76894, 
n = 2,00069), as were those taking ritonavir in another 
study (n = 672)45.

In a small cross-sectional study in men, those receiv-
ing a PI-based regimen (n = 37) had significantly high-
er levels of serum vitamin D (median: 64.9 nmol/ml) 
versus those on an NNRTI-based therapy (n = 19; 
42.4 nmol/ml; p = 0.0017 by a median two-sample test 
[nonparametric method]), and the prevalence of vitamin D 
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deficiency was 30% (PI) versus 74% (NNRTI)107. And 
as mentioned above, vitamin D levels were increased 
in patients switching from efavirenz or zidovudine to 
darunavir/ritonavir in the MONET trial58. These latter 
two studies indicate a possible advantage of using PIs 
compared with certain NNRTI/nucleoside/nucleotide 
reverse transcriptase inhibitors (N[t]RTI) in minimizing 
the negative impact of ARV therapy on vitamin D 
levels in HIV-positive adults. A large cross-sectional 
study (n = 283) also reported that use of PI-based ARV 
therapy implied that patients were significantly more 
likely to be in the highest vitamin D quartile135.

Of the 20 studies describing PI effects on vitamin D 
deficiency in Supplementary data Table S5, only two 
reported that PI-containing regimens resulted in low 
vitamin D levels74,111. In a cross-sectional study in Italy 
(n = 90), the prevalence of low vitamin D levels was 
significantly greater with PIs compared with NNRTIs74. 
In another small cross-sectional study, PI-containing 
regimens resulted in significantly lower vitamin D levels 
(1,25[OH]2D; n = 90) compared with treatment-naive 
patients (n = 20)111. The reason for this “discrepancy” 
may reflect the evaluation of 1,25(OH)2D as a surrogate 
marker for vitamin D status, and the inhibition of cyto-
chrome P450 (CYP) by PIs; one paper proposed a mech-
anism for the effect of PIs on 25OHD serum levels45. The 
transformation of vitamin D to 25OHD and 1,25(OH)2D 
involves the CYP enzymes 25- and 1a-hydroxylase, 
respectively (Fig. 1)1. Activities of these enzymes have 
been shown to be inhibited in vitro by the PIs ritonavir, 
indinavir, and nelfinavir154. A possible explanation of 
why PI administration does not result in vitamin D de-
ficiency (as assessed by 25OHD levels) is the prefer-
ential inhibition of 25OHD conversion to 1,25(OH)2D, 
which then either increases or maintains 25OHD levels 
(although 1,25[OH]2D levels would decrease as shown 
in the paper by Madeddu, et al111).

In conclusion, most studies evaluating 25OH vitamin D 
captured in our search suggest that treatment with PIs 
is not associated with vitamin D deficiency in HIV-
positive adults.

Nucleoside/nucleotide reverse 
transcriptase inhibitors

Fourteen studies have described the effects of N[t]RTIs 
on vitamin D levels (Supplementary data Table S6). Two 
small cross-sectional studies (n = 13937, n = 16 pregnant 
women98) and one cohort study (n = 70)122 noted that 
NRTI use was not associated with vitamin D insuffi-
ciency. In a cross-sectional study (n = 172) in Italy, the 

significant decrease in 1,25(OH)2D levels in patients on 
NNRTI/triple NRTIs (data not reported separately in pa-
per)111, compared with ARV-naive patients, may reflect 
the contribution of the NNRTI or PI backbone, since 
certain members of this ARV class are associated with 
vitamin D deficiency (as described above). The associa-
tion of zidovudine use and low vitamin D levels was re-
ported in two longitudinal studies (n = 22158, n = 48364). 
In contrast, one cross-sectional study noted that zidovu-
dine had no effect on vitamin D levels (n = 158)51 and 
two large cross-sectional studies reported that zidovu-
dine, as well as lamivudine, abacavir, emtricitabine, and 
didanosine had no effect on vitamin D status in HIV-
positive adults (n = 2,99454, n = 31272). Use of TDF 
was consistently found to have no effect on vitamin D 
levels in one longitudinal study (n = 422)59 and five 
large cross-sectional studies (n = 18539, n = 31272, 
n = 67245, n = 1,07770, n = 2,99454). In addition, one 
cohort study (n = 56)123 noted that 1,25(OH)2D levels 
were higher with TDF compared with other NRTIs in 
patients with sufficient vitamin D status, whereas for 
vitamin D-insufficient patients, levels of this metabolite 
were similar between the groups. 

In summary, the data on the effect of N[t]RTIs on vita-
min D status in HIV-positive adults are discordant. Data 
with zidovudine are conflicting as two studies reported 
an association between this NRTI and low vitamin D 
levels, whereas two other studies show no effect. These 
latter studies also reported no effect of the other N[t]RTIs, 
lamivudine, abacavir, emtricitabine, and didanosine, on 
vitamin D status. There was consistent evidence, how-
ever, on the lack of an effect of TDF on vitamin D levels.

Other classes

Very limited data are available on other classes of 
ARVs on vitamin D status in HIV-positive adults. Two 
large cross-sectional studies (n = 2,99454, n = 31272) 
reported that raltegravir, an HIV integrase strand trans-
fer inhibitor, was not associated with vitamin D defi-
ciency. Further, in our search, only one cross-section-
al study evaluated vitamin D status in patients receiving 
the HIV fusion inhibitor enfuvirtide, or the CCR5 recep-
tor antagonist maraviroc; neither of these agents was 
associated with low vitamin D levels (n = 312)72.

Management of vitamin D deficiency  
in HIV infection

Very few studies specifically assessed the effect of 
vitamin D supplementation in HIV-positive adults on 
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ARV treatment (17 of 121 papers: 10 randomized, con-
trolled trials; five cross-sectional studies; two cohort 
studies). Moreover, most were aimed at assessing the 
effect of vitamin D repletion on the signs of its defi-
ciency (mainly bone effects), with only one study pro-
viding a specific assessment of vitamin D doses to 
improve serum levels59. Using dose simulations from 
an evaluation of vitamin D population pharmacokinetics 
in HIV-positive adults on ARVs who were also taking 
vitamin D supplements (n = 135), one group of authors 
estimated that 100,000 IU vitamin D3/month would at-
tain serum vitamin D levels between 30-80 ng/ml59.

Bone markers in HIV-positive adults receiving ARVs 
were favorably altered following vitamin D supplemen-
tation in several small studies, although the reported 
doses/units of vitamin D varied across studies, making 
the evaluation of suitable vitamin D doses difficult. A 
single dose of 300,000 IU vitamin D increased osteo-
calcin and collagen telopeptidase in 98 HIV-positive 
adults on efavirenz83. Vitamin D supplements (1.25 mg/
month155 [50 IU/month]; 50,000 IU/month156; 400 IU/day157 

[≈ 12,000 IU/month]; 500 IU/day158 [≈ 15,000 IU/month]) 
taken with calcium and bisphosphonates also resulted in 
favorable bone marker changes in several small (n < 50) 
randomized controlled trials155-158.

Unsurprisingly, treating HIV-positive adults with stan-
dard therapies for osteoporosis (i.e. vitamin D, calcium, 
and bisphosphonates) improved bone mineral density, 
albeit in small numbers of patients in randomized con-
trolled trials (n = 17-82)155-161. One paper reported that 
women with reduced bone mineral density were ap-
proximately four-times more likely to receive bisphos-
phonates than men49. Two papers reported that raising 
serum vitamin D levels with supplements subsequently 
reduced parathyroid hormone levels as expected40,64.

Although a limited number of studies indicate that 
vitamin D insufficiency/deficiency in HIV-positive adults 
on ARVs can be managed with the use of vitamin D 
supplements, much more research is required in large 
numbers of patients to provide adequate guidance on 
vitamin D dosage in HIV infection. Some guidance 
regarding vitamin D supplementation in HIV-positive 
patients is provided in the 2011 Endocrine Society 
Clinical Practice guideline for the evaluation, treatment, 
and prevention of vitamin D deficiency28. Although this 
guideline is aimed at the general population, the au-
thors recommend that HIV-positive adults on ARVs 
should be given 2-3 times the recommended vitamin 
D intake for their age group28 based on the risk of 
enhanced catabolism of 25OHD and 1,25(OH)2D by 
some ARV. The EACS guidelines suggest that vitamin 

D-deficient HIV-positive adults receive an initial loading 
regimen (e.g. loading dose up to 10,000 IU/day for 
8-10 weeks) followed by a maintenance dose of 800-
2,000  IU vitamin D/day162, while acknowledging that 
the value of vitamin D supplementation in HIV is not yet 
fully understood. However, these recommendations 
are not shared by other guideline panels, e.g. DHHS163, 
IAS164 and BHIVA165. 

Future perspectives

It is clear from the above synopsis that further tar-
geted research is required to increase our understand-
ing of the true role of vitamin D in HIV-1 infection and 
the consequences of its deficiency in this disease 
state. In non-HIV-1-infected individuals, there are ad-
ditional data from mainly observational studies adding 
to the debate regarding the potential role for vitamin D 
in many diseases. For example, recent findings in 
HIV-negative patients, showing a marked decrease 
in serum 25OHD during systemic inflammatory response, 
may suggest that serum 25OHD is acting as a negative 
acute phase reactant, and dropping at times of acute 
or chronic illness, with implications for acute and 
chronic diseases166. However, it is less clear whether 
vitamin D deficiency may be a consequence, rather 
than a cause, of many chronic diseases163. 

The uncertainty of vitamin D’s role in the health of 
persons living with HIV, as well as in the general pop-
ulation, and the benefits of managing its deficiency 
mean that, despite extensive research, HIV clinicians 
are faced with more questions than answers. Table 1 
outlines several questions that we consider to be 
important in improving at least some of our under-
standing of the role of vitamin D in HIV infection and 
suggests what clinicians could do now (based on our 
synopsis).

Conclusions

In this systematic review, we found that there is much 
interest, particularly recently, in vitamin D deficiency in 
HIV-positive adults. Overall, the data regarding the 
prevalence, significance, causes, and management of 
suboptimal vitamin D levels in persons living with HIV 
are hugely inconsistent, making firm recommendations 
challenging to devise. Differences in study designs, 
methodologies, and populations are likely responsible 
for much of the variance in the results produced to date. 
However, the accumulated evidence supports several 
observations, which are summarized in Table 2. 
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Table 1. Summary of suggested recommendations for further investigations and management of low vitamin D levels in 
HIV-positive adults

Which questions could be considered in HIV-positive adults
– � Potential impact on bone health: is there any association between vitamin D deficiency and musculoskeletal pain,  

and fractures?
– � Parathyroid hormone: is measuring parathyroid hormone concentrations more useful than vitamin D levels to determine 

appropriate use of vitamin D supplementation? What are the predictive values of measuring vitamin D or parathyroid  
hormone concentration for bone problems? When (i.e. which season) is measuring vitamin D levels most relevant, and  
for which patients?

– � Vitamin D deficiency: for vitamin D deficiency per se, is lipoatrophy a risk factor? What is the impact of renal and/or hepatic 
insufficiency on vitamin D deficiency? Are there mechanisms of action of ARVs and comedication to be further elucidated in 
vitamin D deficiency? 

– � Secondary hyperparathyroidism: is there an aggravating effect of efavirenz-induced vitamin D deficiency on the potential 
bone effect of TDF? Should a priori vitamin D supplementation be given to a patient receiving cART containing efavirenz  
and TDF?

What could the clinician do now for HIV-positive patients?
– � Take a detailed history and baseline characteristics, encompassing factors associated with vitamin D deficiency, to help 

identify those patients who may become vitamin D insufficient/deficient.
–  Analyze serum vitamin D in a newly diagnosed HIV-positive patient to establish their baseline status.
– � Treat HIV-positive patients with combination ARV therapy as per recommended treatment guidelines, while being vigilant of 

agents associated with vitamin D deficiency versus the patient’s characteristics associated with this deficiency.
–  Routinely and longitudinally monitor serum vitamin D levels regularly in the individual HIV-positive patient.
–  Actively manage vitamin D insufficiency/deficiency
  • � In the absence of consensus, follow current available guidelines for vitamin D supplementation in HIV-positive adults  

(i.e. 2-3 x doses for noninfected people) and monitor blood levels of vitamin D, adjusting supplementation until vitamin D 
sufficiency is established – do this with the aim of improving/preventing bone health issues in the first instance.

ARV: antiretroviral; cART: combination antiretroviral therapy; TDF: tenofovir disoproxil fumarate. 

Table 2. Summary of the main findings

Prevalence of vitamin D deficiency in HIV infection
– � The prevalence of vitamin D deficiency in HIV-positive adults is widely variable, but does not appear to be significantly 

different from that of the general population.

Potential consequences of vitamin D insufficiency/deficiency in HIV infection
– � Bone health: lower levels of vitamin D are not necessarily always associated with reduced bone mineral density in 

HIV-positive patients.
– � Other potential consequences: in HIV-positive adults, vitamin D deficiency may blunt immune restoration and exacerbate 

HIV complications such as opportunistic infections, poor perinatal outcomes, wasting, HIV disease progression, AIDS events,  
and death.

Factors associated with vitamin D insufficiency/deficiency in HIV-positive adults
–  Factors associated with vitamin D insufficiency/deficiency in the general population are also relevant to HIV-infected patients.
– � Certain HIV-specific factors (e.g. CD4+ cell count, viral load) may be associated with low vitamin D levels in HIV-positive 

adults, although the evidence is limited.

Effect of ARVs on vitamin D levels in HIV-positive patients
– � Evidence from longitudinal studies of initiation or change in ARVs used for treating HIV suggests that such treatment can 

alter vitamin D levels. More specifically:
– � NNRTIs: of the NNRTIs, efavirenz has the most consistent and profound effects on vitamin D levels; limited evidence 

indicates that nevirapine, etravirine, and rilpivirine have less or no impact.
–  HIV PIs: current evidence suggests that PIs are not notably linked to vitamin D deficiency.
–  N[t]RTIs: with the possible exception of zidovudine, the N[t]RTIs are not apparently associated with vitamin D deficiency.
– � Other classes: very limited evidence to date is suggestive that other ARVs (raltegravir, enfuvirtide, maraviroc) are not linked 

to vitamin D deficiency.

Management of vitamin D deficiency in HIV infection
– � Management of vitamin D deficiency in HIV infection has not been systematically evaluated; treatment (per the established 

guidelines) with vitamin D and calcium can increase bone density in HIV-positive adults.

ARV: antiretroviral; NNRTI: nonnucleoside reverse transcriptase inhibitor; PI: protease inhibitor; N[t]RTI: nucleoside/nucleotide reverse transcriptase inhibitor. N
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This review also highlights significant gaps in under-
standing, including discordance in the causes and 
clinical outcomes of vitamin D deficiency in HIV infection, 
and a lack of consensus regarding the management 
of vitamin D deficiency in HIV-positive adults. Although 
some guidelines suggest that higher levels of vitamin 
D supplementation should be given to HIV-positive 
adults receiving ARV treatment compared with the 
general population, these recommendations are not 
well supported by research conducted to date and are 
not universal. Prospective, randomized, controlled trials 
in large numbers of volunteers are required to fully 
understand the benefits of vitamin D supplementation 
in HIV-positive adults. 

Acknowledgments

The authors are grateful to members of the Janssen rilpivirine team, in 
particular Peter Williams, Eric Wong, and Marita Stevens, for their input. The 
authors thank Jackie Phillipson at Gardiner-Caldwell Communications, 
Macclesfield, UK who assessed the searches, reviewed the material, prepared 
the first draft, incorporated author comments and coordinated the response 
to journal comments.

Disclaimer 

Chloe Orkin has received research grants that have been given to Barts 
Health NHS Trust. She has served as an advisor receiving honoraria from 
Johnson & Johnson, Bristol-Myers Squibb, Boehringer Ingelheim, GlaxoSmith-
Kline, Gilead Sciences, ViiV Healthcare, and Abbott MSD Laboratories; David 
Wohl has been awarded grants for clinical research from Gilead Sciences, 
GlaxoSmithKline, Merck, and Janssen that have been given to the University 
of North Carolina, USA, and has served as an advisor to Gilead Sciences and 
Janssen; Andrew Williams has served as a speaker and received honoraria 
from Johnson & Johnson, Bristol-Myers Squibb, Gilead Sciences and ViiV 
Healthcare. Henri Deckx is a full-time employee of Janssen. The writing support 
provided by Jackie Phillipson was funded by Janssen.

Supplementary Data

Supplementary data are available at AIDS Reviews journal online (http://
www.aidsreviews.com).

These data are provided by the authors and published online to benefit the 
reader. The contents of all supplementary data are the sole responsibility of 
the authors.

References

	 1.	 Tsiaras W, Weinstock M. Factors influencing vitamin D status. Acta Derm 
Venereol. 2011;91:115-24.

	 2.	 Adams J, Clemens T, Parrish J, Holick M. Vitamin-D synthesis and 
metabolism after ultraviolet irradiation of normal and vitamin-D-deficient 
subjects. N Engl J Med. 1982;306:722-5.

	 3.	 Jones G. Pharmacokinetics of vitamin D toxicity. Am J Clin Nutr. 
2008;88:582-6S.

	 4.	 Levine B, Singer F, Bryce G, Mallon J, Miller O, Coburn J. Pharmacoki-
netics and biologic effects of calcitrol in normal humans. J Lab Clin Med. 
1985;105:239-46.

	 5.	 Christakos S, Ajibade D, Dhawan P, Fechner A, Mady L. Vitamin D: 
metabolism. Endocrinol Metab Clin North Am. 2010;39:243-53.

	 6.	 Holick M. Vitamin D deficiency. N Engl J Med. 2007;357:266-81.
	 7.	 National Institutes of Health (NIH), Office of Dietary Supplements. Dietary 

supplement fact sheet: vitamin D (24 June 2011; accessed Sept 30, 
2013). Available from: http://ods.od.nih.gov/factsheets/VitaminD-Health-
Professional/ 

	 8.	 Vieth R. Vitamin D supplementation, 25-hydroxy vitamin D concentra-
tions, and safety. Am J Clin Nutr. 1999;69:842-56.

	 9.	 Wilz D, Gray R, Dominguez J, Leman J. Plasma 1,25-(OH)2-vitamin D 
concentrations and net intestinal calcium, phosphate, and magnesium 
absorption in humans. Am J Clin Nutr. 1979;32:2052-60.

	 10.	 Mee A, Hoyland J, Braidman I, Freemont A, Davies M, Mawer E. Dem-
onstration of vitamin D receptor transcripts in actively resorbing osteo-
clasts in bone sections. Bone. 1996;18:295-9.

	 11.	 Steingrimsdottir L, Gunnarsson O, Indridason O, Franzson L, Sigurdsson 
G. Relationship between serum parathyroid hormone levels, vitamin D 
sufficiency, and calcium intake. JAMA. 2005;294:2336-41.

	 12.	 Turner A, Anderson P, Morris H. Vitamin D and bone health. Scand J 
Clin Lab Invest Suppl. 2012;243:65-72. 

	 13.	 Wang L, Manson J, Song Y, Sesso H. Systematic review: vitamin D and 
calcium supplementation in prevention of cardiovascular events. Ann 
Intern Med. 2010;152:315-23.

	 14.	 Chua G, Chan Y, Cheng S. Vitamin D status and peripheral artery disease: 
evidence so far. Vasc Health Risk Manag. 2011;7:671-5.

	 15.	 Vaidya A, Forman J. Vitamin D and hypertension: current evidence and 
future directions. Hypertension. 2010;56:774-9.

	 16.	 Kandula P, Dobre M, Schold J, Schreiber M, Mehrotra R, Navaneethan S. 
Vitamin D supplementation in chronic kidney disease: a systematic review 
and meta-analysis of observational studies and randomized controlled 
trials. Clin J Am Soc Nephrol. 2011;6:50-62.

	 17.	 Straube S, Derry S, Moore R, McQuay H. Vitamin D for the treatment of 
chronic painful conditions in adults. Cochrane Database Syst Rev. 
2010;1:CD007771. 

	 18.	 McGrath J, Burner T, Féron F, Mackay-Sim A, Eyles D. Developmental 
vitamin D deficiency and risk of schizophrenia: a 10-year update. Schizo-
phrenia Bull. 2010;36:1073-8.

	 19.	 Kriegel M, Manson J, Costenbader K. Does vitamin D affect risk of de-
veloping autoimmune disease? A systematic review. Semin Arthritis 
Rheum. 2011;40:512-31.

	 20.	 Thomas G, Scragg R, Jiang C, et al. Hyperglycaemia and vitamin D: a 
systematic overview. Curr Diabetes Rev. 2012;8:18-31.

	 21.	 Zhou G, Stoitzfus J, Swan B. Optimizing vitamin D status to reduce colorec-
tal cancer risk: an evidentiary review. Clin J Oncol Nurs. 2009;13:E3-17.

	 22.	 Yaghiyan L, Colditz G, Drake B. Vitamin D and mammographic breast 
density: a systematic review. Cancer Causes Control. 2012;23:1-13.

	 23.	 Yin L, Grandi N, Raum E, Haug U, Arndt V, Brenner H. Meta-analysis: 
Circulating vitamin D and ovarian cancer risk. Gynecol Oncol. 2011; 
121:369-75.

	 24.	 Gilbert R, Martin R, Beynon R, et al. Associations of circulating and di-
etary vitamin D with prostate cancer risk: a systematic review and dose-
response meta-analysis. Cancer Causes Control. 2011;22:319-40.

	 25.	 Urrutia R, Thorp J. Vitamin D in pregnancy: current concepts. Curr Opin 
Obstet Gynecol. 2012;24:57-64.

	 26.	 Devaux S, Castela A, Archier E, et al. Topical vitamin D analogues alone 
or in association with topical steroids for psoriasis: a systematic over-
view. J Eur Acad Dermatol Venereol. 2012;26(Suppl 3):52-60.

	 27.	 Sandhu M, Casale T. The role of vitamin D in asthma. Ann Allergy 
Asthma Immunol. 2010;105:191-9.

	 28.	 Holick M, Blinkley N, Bischoff-Ferrari H, et al. Evaluation, treatment, and 
prevention of vitamin D deficiency: an Endocrine Society Clinical Prac-
tice Guideline. J Clin Endocrinol Metab. 2011;96:1191-30.

	 29.	 Ross A, Taylor C, Yaktine A, Del Valle H. IOM (Institute of Medicine). 
2011. Dietary Reference Intakes for Calcium and Vitamin D. Washington, 
DC: The National Academies Press (Accessed Sept 30, 2013). Available 
from: http://www.nap.edu/catalog.php?record_id=13050

	 30.	 Munns C, Simm P, Rodda C, et al. Incidence of vitamin D deficiency 
rickets among Australian children: an Australian Paediatric Surveillance 
Unit study. Med J Aust. 2012;196:466-8.

	 31.	 Priemel M, von Domarus C, Klatte T, et al. Bone mineralization defects 
and vitamin D deficiency: histomorphometric analysis of liliac crest bone 
biopsies and circulating 25-hydroxyvitamin D in 675 patients. J Bone 
Miner Res. 2010;25:305-12.

	 32.	 Tahsin-Swafiri S, Blanco-Navarro I, Pérez-Sacristán B, Millán I, Grandao-
Lorencio F. The prevalence of vitamin deficiency in clinical practice is 
assay-dependent. Clin Nutr. 2012;31:1011-14.

	 33.	 Forrest K, Stuhldreher W. Prevalence and correlates of vitamin D defi-
ciency in US adults. Nutr Res. 2011;31:48-54.

	 34.	 Daly R, Gagnon C, Lu Z, et al. Prevalence of vitamin D deficiency and 
its determinants in Australian adults aged 25 years and older: a na-
tional, population-based study. Clin Endocrinol. 2012;77:26-35.

	 35.	 van Schoor N, Lips P. Worldwide vitamin D status. Best Pract Res Clin 
Endocrinol Metab. 2011;25:671-80.

	 36.	 Brown T, McComsey G. Association between initiation of antiretroviral 
therapy with efavirenz and decreases in 25-hydroxyvitamin D. Antivir 
Ther. 2010;15:425-9.

	 37.	 Choi A, Lo J, Mulligan K, et al. Association of vitamin D insufficiency with 
carotid intima-media thickness in HIV-infected persons. Clin Infect Dis. 
2011;52:941-4.

	 38.	 Crutchley R, Gathe J, Mayberry C, Trieu A, Abughosh S, Garey K. Risk 
factors for vitamin D deficiency in HIV-infected patients in the south 
central United States. AIDS Res Hum Retroviruses. 2012;28:454-9.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
  o

f 
th

e 
p

u
b

lis
h

er
. 

 
©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

14

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vascular+health+and+risk+management%22%5BJour%5D+AND+7%5Bvolume%5D+AND+671%5Bpage%5D+AND+2011%5Bpdat%5D&cmd=detailssearch


AIDS Reviews. 2014;16

72

	 39.	 Frontini M, Nnadi J, Bairu S, Khan T, Chotalia J, Clark R. Risk factors 
for suboptimal vitamin D levels among adults with HIV attending an 
inner-city clinic of New Orleans, Louisiana. J La State Med Soc. 2012; 
164:10-12.

	 40.	 Havens P, Stephensen C, Hazra R, et al. Vitamin D3 decreases para-
thyroid hormone in HIV-infected youth being treated with tenofovir: a 
randomized, placebo-controlled trial. Clin Infect Dis. 2012;54:1013-25.

	 41.	 Kim J, Gandhi V, Psevdos G, Espinoza F, Park J, Sharp V. Evaluation of 
vitamin D levels among HIV-infected patients in New York City. AIDS Res 
Hum Retroviruses. 2012;28:235-41.

	 42.	 Kwan C, Eckhardt B, Baghdadi J, Aberg J. Hyperparathyroidism and 
complications associated with vitamin D deficiency in HIV-infected 
adults in New York City, New York. AIDS Res Hum Retroviruses. 
2012;28:1025-32.

	 43.	 Lai H, Gerstenblith G, Fishman E, et al. Vitamin D deficiency is associ-
ated with silent coronary artery disease in cardiovascularly asymp-
tomatic African Americans with HIV infection. Clin Infect Dis. 2012;54: 
1747-55.

	 44.	 Rodríguez M, Daniels B, Gunawardene S, Robbins G. High frequency 
of vitamin D deficiency in ambulatory HIV-positive patients. AIDS Res 
Hum Retroviruses. 2009;25:9-14.

	 45.	 Dao C, Patel P, Overton E, et al. 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. 2011;52:396-405.

	 46.	 French A, Adeyemi O, Agniel D, et al. The association of HIV status with 
bacterial vaginosis and vitamin D in the United States. J Womens Health. 
2011:20;1497-503.

	 47.	 Chien C, Carlotti C, Bhatti L, et al. High prevalence of vitamin D 
deficiency among HIV-infected patients. 18th IAC 2010. [Abstract 
WEPDB102].

	 48.	 Ahmed S, Zinkiewicz P, Ninivaggi M, et al. Prevalence of vitamin D 
deficiency in HIV populations: an analysis of NHANES. 18th IAC 2010. 
[Abstract THPE0217].

	 49.	 Durand M, Morin H, Daoust C, Couturier M, Tremblay C. Prevalence and 
determinants of reduced bone mineral density and treatment for osteo-
porosis in HIV-infected patients in Montréal. 6th IAS Conference 2011. 
[Abstract CDB053].

	 50.	 Bearden A, Abad C, Gangnon R, Sosman J, Binkley N, Safdar N. Cross-
sectional study of vitamin D levels, immunologic and virologic outcomes 
in HIV-infected adults. J Clin Endocrinol Metab. 2013;98:1726-33.

	 51.	 Gangcuangco L, Chow D, Liang C-Y, et al. Predictors of 25-hydroxyvi-
tamin D levels in HIV-infected patients in Hawaii. Hawaii J Med Pub 
Health. 2013;72:197-201.

	 52.	 Lai S, Fishman E, Gerstenblith G, et al. Vitamin D deficiency is associ-
ated with coronary artery calcification in cardiovascularly asymptomatic 
African Americans with HIV infection. Vasc Health Risk Manag. 
2013;9:493-500.

	 53.	 Eckard A, Leong T, Avery A, et al. Short communication: high prevalence 
of vitamin D deficiency in HIV-infected and HIV-uninfected pregnant 
women. AIDS Res Hum Retroviruses. 2013;29:1224-8.

	 54.	 Allavena C, Delpierre C, Cuzin L, et al. High frequency of vitamin D 
deficiency in HIV-infected patients: effects of HIV-related factors and 
antiretroviral drugs. J Antimicrob Chemother. 2012;67:2222-30.

	 55.	 Conesa-Botella A, Florence E, Lynen L, Colebunders R, Menten J, 
Moreno-Reyes R. Decrease of vitamin D concentration in patients with 
HIV infection on a non nucleoside reverse transcriptase inhibitor-con-
taining regimen. AIDS Res Ther. 2010;7:40.

	 56.	 Curtis J, Smith B, Weaver M, et al. Ethnic variations in the prevalence of 
metabolic bone disease among HIV-positive patients with lipodystrophy. 
AIDS Res Hum Retroviruses. 2006;22:125-31.

	 57.	 Focà E, Motta D, Borderi M, et al. Prospective evaluation of bone mark-
ers, parathormone and 1,25-(OH)vitamin D in HIV-positive patients after 
the initiation of tenofovir/emtricitabine with atazanavir/ritonavir or efavi-
renz. BMC Infect Dis. 2012;12:38. 

	 58.	 Fox J, Peters B, Prakash M, Arribas J, Hill A, Moecklinghoff C. Im-
provement in vitamin D deficiency following antiretroviral regime 
change: Results from the MONET trial. AIDS Res Hum Retroviruses. 
2011;27:29-34.

	 59.	 Foissac F, Tréluyer J, Souberbielle J, Rostane H, Urien S, Viard J. Vita-
min D3 supplementation scheme in HIV-infected patients based upon 
pharmacokinetic modeling of 25-hydroxycholecaciferol. Br J Clin Phar-
macol. 2013;75:1312-20.

	 60.	 Labarga P, Barreiro P, Martín-Carbonero L, et al. Prevalence and mech-
anisms of hyperparathyroidism in HIV+ patients treated with TDF. 18th 
CROI 2011. [Abstract 824].

	 61.	 Legeai C, Vigouroux C, Souberbielle J, et al. Associations between 
25-hydroxyvitamin D and immunologic, metabolic, inflammatory markers 
in treatment-naive HIV-infected persons: the ANRS CO09 COPANA cohort 
study. PLoS One. 2013;18:e74868.

	 62.	 Mueller N, Fux C, Ledergerber B, et al. High prevalence of severe vita-
min D deficiency in combined antiretroviral therapy-naive and success-
fully treated Swiss HIV patients. AIDS. 2010;24:1127-34.

	 63.	 Pocaterra D, Carenzi L, Ricci E, et al. Secondary hyperparathyroidism 
in HIV patients: is there any responsibility of highly active antiretroviral 
therapy? AIDS. 2011;25:1430-3.

	 64.	 Pacanowski J, Valin N, Guechot J, et al. Effects of vitamin D3 supple-
mentation on 25-OH vitamin D and PTH concentrations in 483 HIV+ 
patients. 19th CROI 2012. [Abstract 887].

	 65.	 Rosenvinge M, Gedela K, Copas A, et al. Tenofovir-linked hyperpara-
thyroidism is independently associated with the presence of vitamin D 
deficiency. J Acquir Immune Defic Syndr. 2010;54:496-9.

	 66.	 Seminari E, Castagna A, Soldarini A, et al. Osteoprotegerin and bone 
turnover markers in heavily pretreated HIV-infected patients. HIV Med. 
2005;6:145-50.

	 67.	 Van Den Bout-Van Den Beukel C, Fievez L, Michels M, et al. Vitamin D 
deficiency among HIV type 1-infected individuals in the Netherlands: effects 
of antiretroviral therapy. AIDS Res Hum Retroviruses. 2008;24:1375-82.

	 68.	 Vescini F, Cozzi-Lepri A, Borderi M, et al. Prevalence of hypovitaminosis 
D and factors associated with vitamin D deficiency and morbidity among 
HIV-infected patients enrolled in a large Italian cohort. J Acquir Immune 
Defic Syndr. 2011;58:163-72.

	 69.	 Viard J, Souberbielle J, Kirk O, et al. Vitamin D and clinical disease 
progression in HIV infection: results from the EuroSIDA study. AIDS. 
2011;25:1305-15.

	 70.	 Welz T, Childs K, Ibrahim F, et al. Efavirenz is associated with severe vitamin 
D deficiency and increased alkaline phosphatase. AIDS. 2010;24:1923-8.

	 71.	 Cervero M, Agud J, García-Lacalle C, et al. Prevalence of vitamin D 
deficiency and its related risk factor in a Spanish cohort of adult HIV-
infected patients: effects of antiretroviral therapy. AIDS Res Hum Retro-
viruses. 2012;28:963-71.

	 72.	 Rachid T, Devitt E, Meyron I, et al. No association of vitamin D levels 
with individual antiretroviral agents, duration of HIV-infection, alkaline 
phosphatase levels nor bone mineral density findings. 18th IAC 2010. 
[Abstract WEPDB105).

	 73.	 del Palacio Tamarit M, Pérez-Elías M, Moreno A, Dronda F, Moreno S, 
Casado J. Hypovitaminosis D and secondary hyperparathyroidism in 
HIV-positive patients: influence of seasonal variations in Spain. 19th IAC 
2012. [Abstract MOPE084].

	 74.	 Nunnari G, Pinzone M, Coco C, et al. Low vitamin D in a cohort of HIV-
positive patients in eastern Sicily: risk factors for hypovitaminosis D and 
association with markers of immune activation. 19th IAC 2012. [Abstract 
MOPE083].

	 75.	 Ansemant T, Mahy S, Piroth C, et al. Severe hypovitaminosis D correlates 
with increased inflammatory markers in HIV infected patients. BMC Infect 
Dis. 2013;13:7.

	 76.	 Bañon S, Perez-Elías M, Moreno A, Dronda F, Moreno S, Casado J. 
Seasonal variation in 25-hydroxyvitamin D concentrations, secondary 
hyperparathyroidism and lower bone mineral density in HIV-infected 
patients. 7th IAS Conference 2013. [Abstract PUB010].

	 77.	 Cervero M, Agud J, Torres R, et al. Higher vitamin D levels in HIV-infected 
out-patients on treatment with boosted protease inhibitor monotherapy. 
HIV Med. 2013;14:556-62.

	 78.	 Pinzone M, Di Rosa M, Celesia B, et al. LPS and HIV gp120 modulate 
monocyte/macrophage CYP27B1 and CYP24A1 expression leading to 
vitamin D consumption and hypovitaminosis D in HIV-infected individuals. 
Eur Rev Med Pharmacol Sci. 2013;17:1938-50.

	 79.	 Theodorou M, Sersté T, Van Gossum M, Dewit S. Factors associated 
with vitamin D deficiency in a population of 2044 HIV-infected patients. 
Clin Nutr. 2013;http://dx.doi.org/10.1016/j.clnu.2013.04.018.

	 80.	 Ramautarsing R, Avihingsanon A, Praditpornsilpa K, et al. Prevalence 
and risk factors for hypovitaminosis D among HIV+ adults living in the 
tropics. 19th CROI 2012. [Abstract 882].

	 81.	 Wiboonchutikul S, Sungkanuparph S, Kiertiburanakul S, et al. Vitamin D 
insufficiency and deficiency among HIV-1-infected patients in a tropical 
setting. J Int Assoc Physicians AIDS Care. 2012;11:305-10.

	 82.	 Sudfeld C, Wang M, Aboud S, Giovannucci E, Mugusi F, Fawzi W. Vita-
min D and HIV progression among Tanzanian adults initiating antiretro-
viral therapy. PLoS One. 2012;7:e40036.

	 83.	 Etminani-Esfahani M, Khalili H, Jafari S, Abdollahi A, Dashti-Khavidaki 
S. Effects of vitamin D supplementation on the bone specific biomarkers 
in HIV infected individuals under treatment with efavirenz. BMC Res 
Notes. 2012;5:204.

	 84.	 Etminani-Esfahani M, Khalili H, Soleimani N, et al. Serum vitamin D 
concentration and potential risk factors for its deficiency in HIV positive 
individuals. Curr HIV Res. 2012;10:165-70.

	 85.	 Martineau A, Nhamoyebonde S, Oni T, et al. Reciprocal seasonal varia-
tion in vitamin D status and tuberculosis notifications in Cape Town, 
South Africa. Proc Natl Acad Sci USA. 2011;108:19013-17.

	 86.	 Hamill M, Ward K, Pettifor J, Norris S, Prentice A. Bone mass, body 
composition and vitamin D status of ARV-naive, urban, black South Af-
rican women with HIV infection, stratified by CD4 count. Osteoporos Int. 
2013;24;2855-61.

	 87.	 Conesa-Botella A, Goovaerts O, Massinga-Loembé M, et al. Low preva-
lence of vitamin D deficiency in Ugandan HIV-infected patients with and 
without tuberculosis. Int J Tuberc Lung Dis. 2012;16:1517-21.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
  o

f 
th

e 
p

u
b

lis
h

er
. 

 
©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

14



Chloe Orkin, et al.: Vitamin D deficiency in HIV 

73

	 88.	 Bajaj S, Misra V, Bharghav A, Gupta S, Sonkar K, Ibandalin. Association 
of vitamin D levels, lipid profile and intima media thickness in HIV posi-
tive patients. Indian J Endocrinol Metab. 2012;16(Suppl 2):S411-2.

	 89.	 Poudel-Tandukar K, Poudel K, Jimba M, Kobayashi J, Johnson C, Palmer 
P. Serum 25-hydoxyvitamin D levels and C-reactive protein in persons 
with human immunodeficiency virus infection. AIDS Res Hum Retrovi-
ruses. 2013;29:528-34.

	 90.	 Havers F, Smeaton L, Detrick B, et al. Vitamin D insufficiency is indepen-
dently associated with HIV disease progression and death after cART 
initiation in resource-limited settings. 19th CROI 2012. [Abstract 886].

	 91.	 Wohl D, Orkin C, Doroana M, et al. Change in vitamin D levels and risk 
of severe vitamin D deficiency over 48 weeks among HIV-1-infected, 
treatment-naive adults receiving rilpivirine or efavirenz in a phase III 
trial (ECHO). Antivir Ther. [Accepted for publication].

	 92.	 Aziz M, Adeyemi O, Agniel D, Weber K, French A, Cohen M. Vitamin D 
deficiency in Chicago women: when sunlight is not enough. 18th CROI 
2011. [Abstract 822]. 

	 93.	 Aziz M, Livak B, Burke-Miller J, et al. Vitamin D insufficiency may impair 
CD4 recovery among Women’s Interagency HIV Study participants with 
advanced disease on HAART. AIDS. 2013;27:573-8.

	 94.	 Adeyemi O, Agniel D, French A, et al. Vitamin D deficiency in HIV-in-
fected and HIV-uninfected women in the United States. J Acquir Immune 
Def Syndr. 2011;57:197-204.

	 95.	 Sroussi H, Burke-Miller J, French A, et al. Association among vitamin D, oral 
candidiasis, and calprotectinemia in HIV. J Dent Res. 2012;91:666-70.

	 96.	 Stein E, Yin M, McMahon D, et al. Vitamin D deficiency in HIV-infected 
postmenopausal Hispanic and African-American women. Osteoporos 
Int. 2011;22:477-87.

	 97.	 Adeyemi O, Livak B, Orsi J, et al. Vitamin D and insulin resistance in 
non-diabetic Women’s Interagency HIV Study Participants. AIDS Patient 
Care STDS. 2013;27:320-5.

	 98.	 Ross A, Leong T, Avery A, et al. High prevalence of vitamin D defi-
ciency in HIV-infected pregnant women. 6th IAS Conference 2011. [Ab-
stract CDB480].

	 99.	 Conrado T, Miranda-Filho Dde B, Ximenes R, et al. Vitamin D deficiency 
in HIV-infected women on antiretroviral therapy living in the tropics. J Int 
Assoc Physicians AIDS Care. 2011;10:239-45.

	100.	 Shahar E, Segal E, Rozen G, et al. Vitamin D status in young HIV in-
fected women of various ethnic origins: incidence of vitamin D defi-
ciency and possible impact on bone density. Clin Nutr. 2013;32:83-7.

	101.	 Finkelstein J, Mehta S, Duggan C, et al. Maternal vitamin D status and 
child morbidity, anemia, and growth in human immunodeficiency virus-
exposed children in Tanzania. Pediatr Infect Dis J. 2012;31:171-5.

	102.	 Mehta S, Spiegelman D, Aboud S, et al. Lipid-soluble vitamins A, D, and E 
in HIV-infected pregnant women in Tanzania. Eur J Clin Nutr. 2010;64:808-17.

	103.	 Mave V, Shere D, Gupte N, et al. Vitamin D deficiency is common among 
HIV-infected breastfeeding mothers in Pune, India, but is not associated 
with mother-to-child transmission of HIV. HIV Clin Trials. 2012;13:278-83.

	104.	 Bang U, Shakar S, Hitz M, et al. Deficiency of 25-hydroxyvitamin D in 
male HIV-positive patients: a descriptive cross-sectional study. Scand J 
Infect Dis. 2010;42:306-10.

	105.	 Chu E, Breaux K, Marcelli M, Rodriguez-Barradas M. Bone disease risk 
factors and DXA screening in HIV infection: a retrospective study. 19th 
CROI 2012. [Abstract 876].

	106.	 Tomazic J, Ul K, Volcansek G, et al. Prevalence and risk factors for 
osteopenia/osteoporosis in an HIV-infected male population. Wien Klin 
Wochenschr. 2007;119:639-46.

	107.	 Wasserman P, Rubin D. Highly prevalent vitamin D deficiency and insuf-
ficiency in an urban cohort of HIV-infected men under care. AIDS Patient 
Care STDS. 2010;24:223-7.

	108.	 García Aparicio A, Muñoz Fernández A, González J, et al. Abnormalities 
in the bone mineral metabolism in HIV-infected patients. Clin Rheumatol. 
2006;25:537-9.

	109.	 Paul T, Asha H, Thomas N, et al. Hypovitaminosis D and bone mineral 
density in human immunodeficiency virus-infected men from India, with 
or without antiretroviral therapy. Endocr Pract. 2010;16:547-53.

	110.	 Hileman C, Labbato D, Storer N, McComsey G. BMD, vitamin D levels 
and inflammation markers in ARV-naive HIV+ and HIV– adults. 19th CROI 
2012. [Abstract 880].

	111.	 Madeddu G, Spanu A, Solinas P, et al. Bone mass loss and vitamin D 
metabolism impairment in HIV patients receiving highly active antiretro-
viral therapy. Q J Nucl Med Mol Imaging. 2004;48:39-48.

	112.	 Milazzo L, Mazzali C, Bestetti G, et al. Liver-related factors associated 
with low vitamin D levels in HIV and HIV/HCV coinfected patients and 
comparison to general population. Curr HIV Res. 2011;9:186-93.

	113.	 Nansera D, Graziano F, Friedman D, Bobbs M, Jones A, Hansen K. 
Vitamin D and calcium levels in Ugandan adults with human immunode-
ficiency virus and tuberculosis. Int J Tuberc Lung Dis. 2011;15:1522-7.

	114.	 Ormesher B, Dhaliwal S, Nylen E, et al. Vitamin D deficiency is less 
common among HIV-infected African-American men than in a matched 
cohort. AIDS. 2011;25:1237-9.

	115.	 Yin M, Lu D, Cremers S, et al. Short-term bone loss in HIV-infected 
premenopausal women. J Acquir Immune Defic Syndr. 2010;53:202-8.

	116.	 Ross A, Judd S, Kumari M, et al. Vitamin D is linked to carotid intima-
media thickness and immune reconstitution in HIV-positive individuals. 
Antivir Ther. 2011;16:555-63.

	117.	 Teichmann J, Stephan E, Lange U, et al. Osteopenia in HIV-infected 
women prior to highly active antiretroviral therapy. J Infect. 2003;46:221-7.

	118.	 Zhang L, Su Y, Hsieh E, et al. Bone turnover and bone mineral density 
in HIV-1 infected Chinese taking highly active antiretroviral therapy – a 
prospective observational study. BMC Musculosk Dis. 2013;14:224.

	119.	 Childs K, Fishman S, Constable C, et al. Short communication: Inade-
quate vitamin D exacerbates parathyroid hormone elevations in tenofovir 
users. AIDS Res Hum Retroviruses. 2010;26:855-9.

	120.	 Masiá M, Padilla S, Robledano C, López N, Ramos J, Gutiérrez F. Early 
changes in parathyroid hormone concentrations in HIV-infected patients 
initiating antiretroviral therapy with tenofovir. AIDS Res Hum Retrovi-
ruses. 2012;28:242-6.

	121.	 Bech A, Van Bentum P, Telting D, Gisolf J, Richter C, De Boer H. Treat-
ment of calcium and vitamin D deficiency in HIV-positive men on teno-
fovir-containing antiretroviral therapy. HIV Clin Trials. 2012;13:350-6.

	122.	 Bonnet E, Ruidavets J-B, Genoux A, et al. Early loss of bone mineral 
density is correlated with a gain of fat mass in patients starting a prote-
ase inhibitor containing regimen: the prospective Lipotrip study. BMC 
Infect Dis. 2013;13:293.

	123.	 Klassen K, Martineau A, Wilkinson R, Cooke G, Courtney A, Hickson M. 
The effect of tenofovir on vitamin D metabolism in HIV-infected adults is 
dependent on sex and ethnicity. PLoS One. 2012;7:e44845.

	124.	 Teichmann J, Lange U, Discher T, Lohmeyer J, Stracke H, Bretzel R. 
Growth hormone and bone mineral density in HIV-1-infected male sub-
jects. Eur J Med Res. 2008;13:173-8.

	125.	 Sherwood J, Mesner O, Weintrob A, et al. Vitamin D deficiency and its 
association with low mineral density, HIV-related factors, hospitalization, 
and death in a predominantly black HIV-infected cohort. Clin Infect Dis. 
2012;55:1727-36.

	126.	 Wang C-C, Gopalakrishnan G, Kojic E, Cu-Uvin S. High prevalence of 
bone demineralization in a cohort of HIV-infected postmenopausal wom-
en. 18th IAC 2010. [Abstract WEPE0040].

	127.	 Ramayo E, González-Moreno M, Macías J, et al. Relationship between 
osteopenia, free testosterone, and vitamin D metabolite levels in HIV-
infected patients with and without highly active antiretroviral therapy. 
AIDS Res Hum Retroviruses. 2005;21:915-21.

	128.	 Yin M, Dobkin J, Brudney K, et al. Bone mass and mineral metabolism 
in HIV+ postmenopausal women. Osteoporos Int. 2005;16:1345-52.

	129.	 Horizon A, Joseph R, Liao Q, Ross S, Pakes G. Characteristics of foot 
fractures in HIV-infected patients previously treated with tenofovir versus 
non-tenofovir-containing highly active antiretroviral therapy. HIV AIDS. 
2011;3:53-9.

	130.	 Childs K, Welz T, Samarawickrama A, Post F. Effects of vitamin D defi-
ciency and combination antiretroviral therapy on bone in HIV-positive 
patients. AIDS. 2012;26:253-62.

	131.	 Fernandez-Fernandez B, Montoya-Ferrer A, Sanz A, et al. Tenofovir 
nephrotoxicity: 2011 update. AIDS Res Treat. 2011;2011:354908. 

	132.	 Lai H, Detrick B, Fishman E, et al. 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. 
2012;60:801-7.

	133.	 Longenecker C, Hileman C, Carman T, et al. Vitamin D supplementation 
and endothelial function in vitamin D deficient HIV-infected patients: a 
randomized placebo-controlled trial. Antivir Ther. 2012;17:613-21. 

	134.	 Shikuma C, Seto T, Liang C-Y, et al. Vitamin D Levels and markers of 
arterial dysfunction in HIV. AIDS Res Hum Retroviruses. 2012;28:793-7. 

	135.	 Huff H, Merchant A, Lonn E, et al. Plasma vitamin D3 concentration not 
associated with subclinical vascular disease in Canadian HIV-positive 
adults. 6th IAS Conference 2011. [Abstract TUPE141].

	136.	 Szep Z, Guaraldi G, Shah S, et al. Vitamin D deficiency is associated 
with type 2 diabetes mellitus in HIV infection. AIDS. 2011;25:525-9.

	137.	 Guaraldi G, Zona S, Orlando G, et al. Vitamin D3 supplementation de-
creases the risk of diabetes mellitus among patients with HIV infection. 
18th CROI 2011. [Abstract 827].

	138.	 Hammond E, McKinnon E, Glendenning P, Williams R, Mallal S, Phillips 
E. Association between 25-OH vitamin D and insulin is independent of 
lipoatrophy in HIV. Clin Endocrinol. 2012;76:201-6.

	139.	 Overton E, Grubb J, Baker J, et al. Prevalence and risk factors for insu-
lin resistance in the study to understand the natural history of HIV (SUN 
study) cohort. 6th IAS Conference 2011. [Abstract TUPE132].

	140.	 Moreno-Pérez O, Portilla J, Escoín C, et al. Impact of vitamin D insuffi-
ciency on insulin homeostasis and beta cell function in nondiabetic male 
HIV-infected patients. HIV Med. 2013;14:540-8.

	141.	 Lake J, Tseng C-H, Hoffman R, Currier J. Associations between 25-hy-
droxyvitamin D, adipokines, and measures of insulin glucose homeostasis 
in HIV+ patients. 19th CROI 2012. [Abstract 884].

	142.	 van den Bout-van den Beukel C, van den Bos M, Oyen W, et al. The 
effect of cholecalciferol supplementation on vitamin D levels and insulin 
sensitivity is dose related in vitamin D-deficient HIV-1-infected patients. 
HIV Med. 2008;9:771-9.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
  o

f 
th

e 
p

u
b

lis
h

er
. 

 
©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

14

http://www.ncbi.nlm.nih.gov/pubmed?term=Fernandez-Fernandez%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21716719
http://www.ncbi.nlm.nih.gov/pubmed?term=Montoya-Ferrer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21716719
http://www.ncbi.nlm.nih.gov/pubmed?term=Sanz%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=21716719
http://www.ncbi.nlm.nih.gov/pubmed?term=%22AIDS+research+and+treatment%22%5BJour%5D+AND+2011%5Bpdat%5D+AND+Fernandez-Fernandez%5Bauthor%5D&cmd=detailssearch


AIDS Reviews. 2014;16

74

	143.	 Finkelstein J, Mehta S, Duggan C, et al. Predictors of anaemia and 
iron deficiency in HIV-infected pregnant women in Tanzania: a po-
tential role for vitamin D and parasitic infections. Public Health Nutr. 
2012;15:928-37. 

	144.	 Mehta S, Giovannucci E, Mugusi F, et al. Vitamin D status of HIV-infected 
women and its association with HIV disease progression, anemia, and 
mortality. PLoS One. 2010;5:e8770.

	145.	 Merhi Z, Seifer D, Weedon J, et al. Circulating vitamin D correlates with 
serum antimüllerian hormone levels in late-reproductive-aged women: 
Women’s Interagency HIV Study. Fertil Steril. 2012;98:228-34. 

	146.	 Bang U, Kolte L, Hitz M, et al. Correlation of increases in 1,25-dihy-
droxyvitamin D during vitamin D therapy with activation of CD4+ T lym-
phocytes in HIV-1-infected males. HIV Clin Trials. 2012;13:162-70.

	147.	 Mehta S, Mugusi F, Spiegelman D, et al. Vitamin D status and its as-
sociation with morbidity including wasting and opportunistic illnesses 
in HIV-infected women in Tanzania. AIDS Patient Care STDS. 2011; 
25:579-85.

	148.	 Sudfeld C, Giovannucci E, Isanaka S, et al. Vitamin D status and inci-
dence of pulmonary tuberculosis, opportunistic infections, and wasting 
among HIV-infected Tanzanian adults initiating antiretroviral therapy. J 
Infect Dis. 2013;207:378-85.

	149.	 Price P, Haddow L, Affandi J, et al. Plasma levels of vitamin D in HIV 
patients initiating antiretroviral therapy do not predict immune restoration 
disease associated with mycobacterium tuberculosis. AIDS Res Hum 
Retroviruses. 2012;28:1216-9.

	150.	 Mehta S, Hunter D, Mugusi F, et al. Perinatal outcomes, including 
mother-to-child transmission of HIV, and child mortality and their as-
sociation with maternal vitamin D status in Tanzania. J Infect Dis. 2009; 
200:1022-30.

	151.	 Ellfolk M, Norlin M, Gyllensten K, Wikvall K. Regulation of human vitamin 
D3 25-hydroxylases in dermal fibroblasts and prostate cancer LNCaP 
cells. Mol Pharmacol. 2009;75:1392-99.

	152.	 Landriscina M, Altamura S, Roca L, et al. Reverse transcriptase inhibitors 
induce cell differentiation and enhance the immunogenic phenotype in 
human renal clear-cell carcinoma. Int J Cancer. 2008;122:2842-50.

	153.	 Gupta S, Shen C, Moe S, Kamendulis L, Goldman M, Dubé M. Worsen-
ing endothelial function with efavirenz compared to protease inhibitors: 
a 12-month prospective study. PLoS One. 2012;7:e45716.

	154.	 Cozzolino M, Vidal M, Arcidiacono M, Tebas P, Yarasheski K, Dusso A. 
HIV-protease inhibitors impair vitamin D bioactivation to 1,25-dihy-
droxyvitamin D. AIDS. 2003;17:513-20.

	155.	 Bolland M, Grey A, Horne A, et al. Annual zoledronate increases bone 
density in highly active antiretroviral therapy-treated human immunode-
ficiency virus-infected men: a randomized controlled trial. J Clin Endo-
crinol Metab. 2007;92:1283-8.

	156.	 Bolland M, Grey A, Horne A, et al. Effects of intravenous zoledronate on 
bone turnover and BMD persist for at least 24 months. J Bone Miner 
Res. 2008;23:1304-8.

	157.	 Huang J, Meixner L, Fernandez S, McCutchan J. A double-blinded, 
randomized controlled trial of zoledronate therapy for HIV-associated 
osteopenia and osteoporosis. AIDS. 2009;23:51-7.

	158.	 Guaraldi G, Orlando G, Madeddu G, et al. Alendronate reduces bone 
resorption in HIV-associated osteopenia/osteoporosis. HIV Clin Trials. 
2004;5:269-77.

	159.	 McComsey G, Kendall M, Tebas P, et al. Alendronate with calcium and 
vitamin D supplementation is safe and effective for the treatment of 
decreased bone mineral density in HIV. AIDS. 2007;21:2473-82.

	160.	 Mondy K, Powderly W, Claxton S, et al. Alendronate, vitamin D, and 
calcium for the treatment of osteopenia/osteoporosis associated with HIV 
infection. J Acquir Immune Defic Syndr. 2005;38:426-31.

	161.	 Rozenberg S, Lanoy E, Bentata M, et al. Effect of alendronate on HIV-
associated osteoporosis: a randomized, double-blind, placebo-controlled, 
96-Week trial (ANRS 120). AIDS Res Hum Retroviruses. 2012;28:972-80.

	162.	 EACS guidelines. Version 6.1, November 2012 (Accessed Sept 30, 
2013). Available from: http://www.europeanaidsclinicalsociety.org/im-
ages/stories/EACS-Pdf/EacsGuidelines-v6.1-2edition.pdf 

	163.	 DHHS guidelines. Updated February 2013 (Accessed Sept 30, 2013). 
Available from: http://aidsinfo.nih.gov/contentfiles/lvguidelines/adultand-
adolescentgl.pdf

	164.	 Thompson A, Aberg J, Hoy J, et al. Antiretroviral treatment of adult HIV 
infection, 2012 recommendations of the International Antiviral Society-
USA Panel. JAMA. 2012;308:387-402.

	165.	 Williams I, Churchill D, Anderson J, et al. British HIV Association guide-
lines for the treatment of HIV-1-positive adults with antiretroviral therapy 
2012. HIV Med. 2012;13(Suppl 2):1-85.

	166.	 Gama R. Vitamin D: some perspectives please. BMJ. 2012;345e;4695.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
  o

f 
th

e 
p

u
b

lis
h

er
. 

 
©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

14

http://www.europeanaidsclinicalsociety.org/images/stories/EACS-Pdf/EacsGuidelines-v6.1-2edition.pdf
http://www.europeanaidsclinicalsociety.org/images/stories/EACS-Pdf/EacsGuidelines-v6.1-2edition.pdf

