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ORIGINAL ARTICLE

High Prevalence of Vitamin D Deficiency in HIV Infected on
Antiretroviral Therapy in a Cohort of Indian Patients
Rajesh Deshwal1*, Sumit Arora2

Abstract
Objectives: The main aim of this study was to assess vitamin D [25(OH)D]levels
in an HIV infected adult population and to define HIV and antiretroviral-related
factors associated with vitamin D deficiency.
Methods: This observational analytical study was conducted on 475 adult patients
on follow up at Apex Immunodeficiency Center of Base Hospital, Delhi Cantt. We
estimated the prevalence of vitamin D insufficiency/deficiency(<30 ng/ml). Age,
gender, BMI, CD4 count, plasma viral load, HBV/HCV coinfection, smoking status,
time since diagnosis of HIV infection and selected liver enzymes were recorded.
Antiretroviral therapy regimen was taken into account and its relationship with
vitamin D levels were noted.
Results: Vitamin D insufficiency/deficiency was noted in 92.63% of patients
out of which 65.68 % were males. Median age of vitamin D sufficient group was
slightly higher(52.11 vs 49.95). Patients with higher body mass index (BMI) had a
slightly higher rates of Vitamin D insufficiency(24.2 vs 22.3). More the time interval
from the date of diagnosis higher were the chances of deficiency/insufficiency.
Co-infected patients with hepatitis B and C had sufficient vitamin D levels in
71.92% patients. Efavirenz(66.93%), nevirapine(79.02%), tenofovir(64.84%) and
ritonavir(84.90%) containing regimens had consistently low levels of vitamin
D. Abnormal liver enzymes viz alanine aminotransferase, alkaline phosphatase
and gamma glutamyl transferase were associated with higher rates of deficient
vitamin D levels.
Conclusions: Vitamin D deficiency is very high in HIV patients on antiretroviral
therapy. . Efavirenz (EFV ), Nevirapine (NVP), Tenofovir ( TDF) and Protease
Inhibitors (PI’s) were associated with high levels of deficiency/insufficiency of
vitamin D levels. Vitamin D supplementation as a global strategy in all HIV positive
patients on antiretroviral therapy is advocated.

Introduction

V

itamin D is vital for calcium
homeostasis and bone
metabolism.¹ Vitamin D deficiency is
linked with a number of comorbidities,
including hypertension, cardiovascular
disease, insulin resistance, diabetes,
dyslipidemia, impaired immune
function, decreased neurocognitive
function, and malignancies.² - ⁶ The
primary determinant of vitamin D
status is exposure to sunlight. With
increasing urbanization and sunscreen
use, vitamin D deficiency has become
highly prevalent among the general
population.⁷ ,⁸
Middle-aged persons with human

immunodeficiency virus (HIV)
infection are at risk for numerous
comorbidities typically seen in older
aging populations, including frailty,
metabolic syndrome, osteoporosis and
fragility fractures, insulin resistance,
diabetes, cardiovascular disease, and
c o g n i t i ve i m p a i r m e n t , ⁹ , ¹ ⁰ m a n y o f
which have also been associated with
vitamin D deficiency.⁵ ,¹¹ Recently, low
vitamin D levels have been associated
with HIV disease progression and
HIV-related complications.¹² Therefore,
the role of vitamin D in preventing or

mitigating these complications of HIV
is of particular interest. Low vitamin
D levels among HIV-infected persons
have been described; however, these
r e p o r t s we r e e i t h e r c a s e s e r i e s o r
studies from small cohorts of HIVinfected persons.¹³ , ¹⁴ HIV infection
and exposure to certain antiretrovirals
might contribute to altered levels of
25-hydroxy vitamin D (25(OH)D).¹⁴ ,¹⁵
The preferred and most commonly
u s ed p a ra m eter f or a s s es sm e n t o f
vitamin D status is serum 25(OH)D
concentration. 25(OH)D is the major
circulating metabolite of vitamin D
a n d ref l ec ts th e vi ta m i n D i n pu t s
from cutaneous synthesis and dietary
intake.¹⁶ Several studies in general
population have shown a high
p r e va l e n c e ( 5 0 - 9 7 % ) o f v i t a m i n D
deficiency in tropical and subtropical
regions of India and other South Asian
countries, despite abundant sunlight.¹⁶ ¹⁸
This study aimed at assessing vitamin
D status and its relationship with CD4
count, viral load, antiretroviral therapy
and selected liver enzymes.

Methods
This observational analytical
study was carried out at Apex
Immunodeficiency Center, Base
Hospital, Delhi Cantt. The study
included 475 patients who were
on antiretroviral therapy(ART) for
atleast more than a year. Approval
of the hospital ethics committee was
obtained prior to commencement of
the study. Patients receiving Vitamin
D supplementation, treatment for
osteoporosis, on renal dialysis and
patients with creatinine >2 mg/dl were
excluded. Patients on antitubercular
therapy, statins, antihypertensives,

1
Consultant in Internal Medicine and HIV Medicine, 2Medical Specialist and HIV Physician, Apex Immunodeficiency Center, Base
Hospital, Delhi Cantt., Delhi; *Corresponding Author
Received: 14.11.2016; Revised: 13.04.2017; Accepted: 03.10.2018

Journal of The Association of Physicians of India ■ Vol. 67 ■ March 2019

Table 1: Baseline parameters (n=475)
Parameter

No. (%) of participants

Body mass index (BMI)
Less than 25 Kg/m²

371 (78.10)

25.1 - 30 Kg/m²

65 (13.68)

30.1Kg/m² and higher

39 (8.21)

Baseline CD4 T- cell
count
>350 cells/mm³

248 (52.21)
164 (34.52)

<200 cells/mm³

63 (13.26)

Lowest CD4 T-cell count
>350 cells/mm³

19 (4.0)

200 – 350 cells/mm³

167 (35.15)

<200 cells/mm³

289 (60.84)

Plasma viral load, copies/
ml

Vitamin D
Insufficient or
deficient
(<30 ng/ml)

Sufficient
(≥30 ng/ml)

Regimen
containing
Efavirenz

166 (66.93)

82 (33.06)

Nevirapine

113 (79.02)

30 (20.97)

Tenofovir

166 (64.84)

90 (35.15)

Ritonavir

45 (84.90)

8 (15.09)

Liver enzymes
(U/L)
ALT

< 50 copies/ml

233 (49.05)

≥ 50 copies/ml

242 (50.94)

Co-infection, n (%)

57 (12.0)

Smokers/non-smokers
n (%)

169 (35.37)/306 (64.42)

Time since diagnosis,
median (years)

8.1

Table 2: Baseline parameters and clinical
factors associated with Vitamin D
deficiency or Insufficiency
Vitamin D
Insufficient or
deficient
(<30 ng/ml)

Sufficient
(≥30 ng/ml)

No (%) of patients
Sex
Male

288 (92.30)

Female

152 (93.25)

11 (6.74)

49.95 (33-72)

52.11 (27-79)

Median age,
years (IQR)

Characteristic

No (%) of patients

200 – 350 cells/mm³

Characteristic

Table 3: Baseline parameters and clinical
factors associated with vitamin D
levels

24 (7.69)

Body Mass
Index, median
(IQR), Kg/m²

24.2 (21.3-32.4) 22.3 (17.8-27.5)

Time since
diagnosis,
median (IQR),
years

8.18 (1.0-25.0)

4.75 (1.0-18.0)

Base line CD4
T-cell count
>350 cells/
mm³

186 (92.07)

16 (7.92)

200 – 350
cells/mm³

228 (93.44)

16 (6.55)

<200 cells/mm³

26 (89.65)

3 (10.34)

>350 cells/
mm³

81 (94.18)

5 (5.81)

200 – 350
cells/mm³

106 (92.17)

9 (7.82)

<200 cells/
mm³

253 (92.33)

21 (7.66)

Co-infection
(HBV/HCV)

16 (28.07)

41 (71.92)

Lowest CD4
T-cell count

anticancer drugs, anti estrogens,
bisphosphonates, glucocorticoids,
antiepileptic dugs and herbal drugs
were also excluded.
Patient demographics(age, gender ),

Normal

312 (87.88)

114 (95.0)

Abnormal

43 (12.11)

06 (5.0)

338 (95.21)

115 (95.83)

17 (4.78)

5 (4.16)

Normal

286 (80.56)

106 (88.33)

Abnormal

69 (19.43)

14 (11.66)

ALP
Normal
Abnormal
GGT

ALT: Alanine aminotransferase; ALP: Alkaline
phosphatase; GGT: Gamma glutamyl transferase

body mass index, routes of transmission,
time since HIV diagnosis, lowest CD4
count (<200, 200 to <350, and ≥350
cells/mm³), CD4 count at the time of
vitamin D measurement(<200, 200 to
<350, and ≥350 cells/mm³), HBV or
HCV co-infection, plasma viral load( <
50 copies/ml, ≥ 50 copies/ml), smoking
history, antiretroviral drugs were
noted from patients database kept in
the department. Selected liver enzymes
(transaminases, alkaline phosphatase
and gamma glutamyl transferase) were
recorded.
Serum vitamin D, which is the
best indicator of vitamin D status was
measured using chemiluminescent
microparticle immunoassay(CMIA).
Low-level vitamin D concentration
was defined as 30 ng/mL. Vitamin
D insufficiency and deficiency were
defined as vitamin D between 10 and
30 ng/mL, and ≤ 10 ng/mL, respectively.
Alkaline phosphatase (ALP), gamma
glutamyl transferase (GGT) and Alanine
amino transferase (ALT) enzymes were
analysed using the enzyme calorimetric
assay. The quantity of enzyme present
in plasma was expressed in units per
liter (units/liter ).

Statistical analysis
Characteristics of the patients and
the prevalence of vitamin D deficiency
are presented for all patients on ART.
Variables were described using the
m e d i a n a n d I Q R f o r q u a n t i t a t i ve
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variables and proportions for
qualitative variables.

Results
This single center study included
475 patients who met the inclusion and
exclusion criteria. Males comprised
the majority (65.68%). 226(47.57%) of
the patients were in 41-50 years age
bracket. Mode of transmission was
predominantly heterosexual (80.42%),
no risk could be identified in 56(11.78%)
of the patients. Baseline patient
parameters are shown in Table 1.
248 (52.21%) patients had a baseline
CD4 T-cell count of more than 350 cells/
mm³, while 63(13.26%) had a count of
<200 cells/mm³. Nadir CD4 T-cell count
of < 200 cells/mm³ was seen in 289
(60.84%) of patients. Plasma viral load
showed <50 copies/ml in approximately
half of the patients. Co-infection with
hepatitis B virus and hepatitis C virus
was noticed in 12% of all patients.
Median time after HIV diagnosis
was around 8.1 years. About 1/3 of all
patients were currently smoking.
4 4 0 / 4 7 5 ( 9 2 . 6 3 % ) p a t i e n t s we r e
found to be either having insufficient
or deficient levels of vitamin D out of
which about 34.54 % were females.
Vitamin D levels of more than 30 ng/
ml were found in 35 (7.36%) patients.
Median age of vitamin D sufficient
group was slightly higher (52.11 vs
49.95). Patients with higher body mass
index (BMI) had a slightly higher
rates of Vitamin D insufficiency (24.2
vs 22.3). More the time interval from
the date of diagnosis higher were the
chances of deficiency/insufficiency.
Baseline characteristics and clinical
factors associated with vitamin D
deficiency/insufficiency and sufficiency
are enumerated in Tables 2 and 3.
Co-infected patients with hepatitis B
and C had sufficient vitamin D levels
in 71.92% patients. Efavirenz (66.93%),
nevirapine (79.02%), tenofovir (64.84%)
a n d ri ton a vi r ( 8 4 . 9 0 % ) c o n t a i n i n g
regimens had consistently low levels
of vitamin D. Abnormal liver enzymes
viz alanine aminotransferase, alkaline
phosphatase and gamma glutamyl
transferase were associated with higher
rates of deficient vitamin D levels.

Discussion
This study documents the high
prevalence of vitamin D insufficiency
and deficiency in an Indian cohort
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of HIV- infected adult subjects. In
all around 92.63% of all patients had
vitamin D deficiency or insufficiency.
O u t o f w h i c h a b o u t 3 4 . 5 4 % we r e
females. A large US prospective
cohort study (SUN study) assessed the
prevalence of hypovitaminosis D in 672
HIV-positive subjects, demonstrating
that 70.3% of them had 25(OH)D levels
below 30 ng/ml¹⁹. In a cross-sectional
study evaluating vitamin D status in
HIV-infected postmenopausal women
living in New York, Stein et al²⁰ found
that 74% out of 89 HIV-positive women
had 25(OH)D levels < 30 ng/ml; the
prevalence rate was similar, however,
in HIV-negative controls. They also
found no differences in 1,25(OH)₂D
levels, which were normal in both
groups. Data coming from EuroSIDA
study, a prospective, observational
work on a large cohort of HIV positive
subjects across 31 European countries,
Israel and Argentina, confirmed
hypovitaminosis D to be very common
among HIV-positive individuals:²¹
23.7% out of 1985 patients had indeed
25OHD below 10 ng/ml, 65.3%
between 10 and 30 ng/ml and only
11% above 30 ng/ml. Conflicting data
are available about the impact of body
mass index (BMI) on 25OHD levels.
As in the general population, some
Authors¹⁹᾿²²᾿²³ have found a negative
correlation between 25OHD serum
levels and BMI, possibly because of
vitamin D storage in adipose tissue²⁴.
By contrast, others have associated
hypovitaminosis D with low BMI²⁵ or
have related vitamin D insufficiency
with a higher risk of wasting, defined
as BMI²⁶ less than 18 kg/m². Our study
has shown a median BMI of 24.2 Kg/
m² in vitamin D insufficient/deficient
group as compared to 22.3 Kg/m² in
sufficient one.
The relationship between 25OHD
levels and CD4+ T-cell count is not
c l e a r c u t . S o m e s t u d i e s ²⁰,²⁷,²⁸ h a v e
described a positive correlation,
some others¹⁹ , ²² , ²⁹ , ³⁰ , ³² have failed to
demonstrate a significant association.
Our study could not link 25(OH) D
levels with CD4 + T- cell count as there
was hardly any change in Vitamin D
levels between nadir and basal CD4+
T-cell count.
Both protease inhibitors (PIs) and
non-nucleoside reverse transcriptase
inhibitors (NNRTIs) have been
associated with the impairment of
vitamin D metabolic pathways. PIs

have been shown to inhibit vitamin
D 1α- and 25α-hydroxylation in
hepatocyte and monocyte cultures:³³
reduced conversion of 25OHD to its
active metabolites may potentially
explain the increased 25OHD levels
found by some Authors in subjects
with low 1,25(OH)2D.¹⁹ As refers
to NNRTIs, there is an increasing
amount of data associating efavirenz
(EFV) with compromised vitamin D
homeostasis. EFV has been described
indeed to increase 25OHD catabolism,
through the induction of CYP24³⁴ and
reduced transcription of CYP2R1, a
25-hydroxylase.³⁵ ,³⁶ Welz et al³⁷ found
current EFV, but not nevirapine (NVP)
u s e , t o b e a s s o c i a t e d w i t h s e ve r e
vitamin D deficiency (odds ratio (OR)
2 (C.I. 1.5-2.7), p < 0.001). In a recent
report³⁸, NNRTIs current use correlated
with lower 25OHD levels: Pasquet et al
found indeed an association between
hypovitaminosis D and exposure to
NNRTIs (p = 0.05), but not to EFV
and NVP, probably because of a lack
of statistical power of their analysis.
However, considering the crude and
adjusted coefficients for EFV and NVP
in their regression models, the authors
suggested a NNRTI class effect, rather
than a specific EFV impact, on vitamin
D levels. Our study showed that both
EFV and NVP use are associated with
higher rates of vitamin D deficiency
and insufficiency rather than EFV alone
and it is possibly a NNRTI class effect.
Tenofovir (TDF) assumption has been
associated with low BMD, because of
its capability to induce proximal renal
tubular dysfunction, which may cause
in turn renal phosphate wasting and
finally BMD loss.³⁹ Patients starting
a TDF-based regimen have a greater
BMD loss in comparison with those
treated with other antiretrovirals.⁴⁰,⁴¹ In
addition, higher PTH levels have been
described in subjects receiving TDF
with suboptimal 25OHD levels.⁴²¯⁴⁴
Though parathyroid hormone(PTH)
m e a s u r e m e n t wa s n o t p a r t o f o u r
study, lower levels of vitamin D were
demonstrated in around 65% of patients
on TDF.
C. W. Gichuhi et al⁴⁵ showed that
sufficient vitamin D levels in serum
associate with high incidence of normal
e n z y m e s w h i l e d e f i c i e n t l e ve l s o f
vitamin D were observed to strongly
associate with abnormal levels of these
enzymes in serum oh HIV patients
not on ART. However, this trend was

not observed for patients on ART
w i t h r e l a t i ve l y l o we r p e r c e n t a g e s
of patients with abnormal levels of
these enzymes being observed in this
group of patients. Our study also
corroborates these findings. This may
be explained by the involvement of the
liver in vitamin D metabolism given
that hydroxylation of vitamin D occurs
in the liver and damage to the liver
during HIV infection may result in low
levels of vitamin D.

Limitations
This study had several limitations.
Firstly this study was conducted in a
single center and these result may not
be generalized to other HIV infected
populations and therefore a study
including other centers should be
conducted to confirm these results.
Secondly 25(OH) D was measured at a
single time point and we are unable to
determine whether deficient vitamin
D levels at a single time point or
long term deficiency is biologically
relevant. Thirdly neither the daily
intake of vitamin D and calcium nor
other lifestyle factors which could
affect vitamin D levels were assessed.
Fourthly some patients were on
Tenofovir and NNRTI’s/PI’s, hence
the confounding effect of these two
drugs on 25(OH)D levels could not be
assessed.

Conclusions
Our study confirms very high levels
of vitamin D deficiency in patients on
antiretroviral therapy. It would be
extremely difficult to separate HIV
related factors including antiretroviral
related factors from the confounding
risk factors, which are over represented
in the HIV infected population.
Efavirenz (EFV), Nevirapine (NVP),
Tenofovir (TDF) and Protease Inhibitors
(PI’s) were associated with high levels
of deficiency/insufficiency of vitamin
D levels, whether this can be attributed
to these drugs alone or is part of
large scale deficiency/insufficiency in
general population is not very clear.
Future studies are needed to verify
potential alterations in vitamin D
metabolism caused by the exposure to
antiretrovirals and their duration of
use. It would be prudent to advocate
vitamin D supplementation as a global
strategy in all HIV positive patients on
antiretroviral therapy. More studies are
required to assess the effects of vitamin
D supplementation in these patients.
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