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Bone Mineral Density in HIV/AIDS—A Case
Control Study with Review of Literature

Abstract

Background: With the advent of Anti-Retroviral Therapy (ART) and prophylactic
antibiotic therapy life expectancy of HIV/AIDS patients has increased. The
focus has now shifted from communicable to non-communicable diseases. The
awareness of bone health in HIV is lacking among the physicians who are treating
People Living with HIV/AIDS (Human Imunnodeficiency Virus/Acquired Immuno
Deficiency Syndrome) (PLHA). Aim of this study is to find the prevalence and risk
factors of low bone mineral density in PLHA and also the significance of vitamin D
on bone health.

Methods: The study was a case control study conducted in a tertiary care center
in heart of Delhi, India, over a period of 15 months (March 2013 to June 2014).
Consenting patients with HIV, aged above 18 years, form the subjects of the study.
Healthy individuals were taken as controls. Both the groups were evaluated for
bone diseases, traditional risk factors and HIV related risk factors.

Results: Among cases, 88.3% had low bone mineral density as compared to 31.7%
in the control population. In the risk factors, there was no statistical difference
found between the two groups in terms of physical activity (p=0.098), sun exposure
(p=0.196), calcium intake (p=0.273), history of alcohol consumption (p=0.853), history
of smoking (p=0.852). BMD among non-smokers (p=0.00) in both the groups and
history of fractures (p=0.013) were statistically significant between both the groups.
Duration of HIV infection (p=0.553), median absolute CD4 count (p=0.128) and the
median viral load (p=0.743) were not significantly related to bone density. Similarly
tenofovir based ART regimen was also not associated significantly with bone mineral
density in our study (p=0.417). Association of vitamin D deficiency with low BMD in
between both case and control groups was statistically significant (p=0.00). The mean
of FRAX score in study group was 2.387( + 3.5805) % and in the control was 0.902( +
2.3709) %. The difference was statistically significant (p=0.00).

Conclusion

HIV infected individuals have 16 times more risk of developing low BMD than
uninfected individuals. Traditional risk factors and HIV related factors do not have
a correlation with this low BMD. Vitamin D deficiency is a significant risk factor for
low BMD in both HIV infected and uninfected population.
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Introduction

Anti-Retroviral Therapy (ART) has significantly decreased the mortality and morbidity
associated with HIV/AIDS. Now the attention has shifted to previously less inadvertent
conditions such as increased cardiovascular risk, osteoporosis and malignancy. The
awareness of bone health in India is lacking among the physicians and perhaps is not
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a priority for doctors those who are treating People Living with
HIV/AIDS (PLHA).

Osteoporosis is disease of bone where compositional and
architectural changes occur in the bone tissue arrangement
leading to weakening of the skeleton resulting in increased
probabilities of fragility fracture [1]. World Health Organization
(WHO) has classified this low density of bone as osteoporosis or
osteopenia based on bone densitometry. Osteoporosis is defined
when density is below -2.5 times the standard deviation and
osteopenia when the result is between -1 and -2.5 times the
standard deviation [2].

Vitamin-D deficiency is rampant in India and is a major risk factor
contributing towards low bone density even in people living with
HIV/AIDS. This study was conducted at tertiary care referral center
to assess the bone healthin PLHA. As osteopenia/osteoporosis can
lead to the fracture, there may be further increase the morbidity
and cost of treatment. Thus it is imperative that physicians take
care of HIV should aware of its effect on bone health.

Aims and Objectives

To study the bone mineral density and assess the risk factors of
developing osteopenia/osteoporosis in patients of HIV/AIDS.

Materials and Methods

The study design was case control study conducted in a tertiary
care center in heart of Delhi, India. The hospital caters to all
sectors of society hence the study population is reflecting of
society. The study was conducted over a period of 15 months
(March 2013 to June 2014). People living with HIV/AIDS, aged
above 18 years, diagnosed by two different ELISA according to
WHO strategy-Il [3], were included in the study after obtaining
an informed consent. Patients were excluded if they were:
pregnant, known cases of bone diseases, or on calcium
supplements/bisphosphonates/tereparatide/denosumab for >3
months, diagnosed with psychiatric illness, diagnosed to have
hypothyroidism, pregnant. Healthy consenting subjects who did
not give any significant medical history were taken as control.
For control population vitamin D (25(0OH) Vitamin D) and bone
densitometry were done beside other relevant history.

Consent was taken from all patients and also from control group
for the study. Detailed history was taken regarding HIV related and
traditional risk factors for developing osteopenia/osteoporosis.

Risk factors related to HIV infection are duration of HIV infection,
previous CD4+ count and viral load (in already diagnosed cases)
and tenofovir based anti-retroviral regimen.

Traditional risk factors are inadequate sun exposure, insufficient
physical activity, diet regarding calcium intake, presence of
previous fractures (fragile/traumatic), smoking and alcoholism.

All subjects were examined and weights were recorded by
electronic weighing machine and height was measured by
stadiometer. Body mass index was calculated by using formula
(Quetlet’s index): weight (kg)/height(m)%. Musculoskeletal
examination was done which includes examination of spine
(kyphoscoliosis, ankylosis, etc.), gait and stance.
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We investigated the subjects with CD4+ T lymphocyte count, HIV
viral load, vitamin D levels in the serum in the form of 25(0H)
Vitamin D and Bone Mineral Density (BMD) with DEXA scan. We
measured the fracture risk in both groups with FRAX tool [4].

Vitamin D level (25 (OH)D) was classified as given in Table 1.
WHO classification of BMD was done as given in Table 2.
Definitions used in our study:

1) Hypovitaminosis D: If the level of 25 (OH) vitamin D is <20
ng/mL it is defined as deficient and 21-29 ng/mL is defined
as insufficient state [5].

2) Adequate exercise: Moderate activity of at least 150 h per
week [6].

3) Adequate sun exposure: Early morning exposure to sun
light for 30 min daily [7].

Statistical Analysis

Statistical testing was conducted with the Statistical Package
for the Social Science system (SPSS) version 17.0. Continuous
variables were expressed as mean + SD while categorical
variables as frequencies and percentages. Unpaired t-test and
Mann-Whitney U-test were used for continuous while either
Chi-squared test or Fisher’s exact test was used for categorical
variables. For all statistical tests, p value less than 0.05 was taken
to indicate a significant difference.

Observation and Results

We had 60 participants each in case and control group after
applying inclusion criteria. Both the groups were matched for
age. Similarly, no statistical difference in sex distribution, height,
weight or (Body Mass Index) BMI was observed between both
groups (Tables 3a and 3b).

Table 1: Reference range values for 25(0OH) Vitamin D [5].

Vitamin D (25(0H)) level (ng/mL) Interpretation
<20 Deficient
21-29 Insufficient
>30 Sufficient
>150 Toxic

Table 2: WHO classification of BMD according to the T-score [2].

BMD-T score Classification
>-1 Normal
-1to-2.5 Osteopenia

At or below -2.5
Below -2.5 plus fragility fractures

Osteoporosis
Severe osteoporosis

Table 3a: Demographic details of the population.

Patients Control
Age 39.82 + 11.68 years 41.08 + 11.52 years
Height 165 + 6.766 cms 162.98 + 6.207 cms
Weight 67.897 £ 15.799 Kg 64.072 £ 11.508 Kg
BMI 24.62 + 4.72 Kg/m? 24.03 + 3.98 Kg/m?
Male-61.7%, Male-48.3%,
Sex

Female-38.3% Female-51.7%
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Table 3b: Age distribution among cases and control group.

Cases: n(%)

Age (yr) Normal Osteopenia Osteoporosis
18-30 2 (14.3%) 6 (42.9%) 6 (42.9%)
31-50 4 (12.5%) 17 (53.1%) 11 (34.4%)

>51 1(7.1%) 6 (42.9%) 7 (50%)
Mean 39.82+11.68 yr

Classification according to Bone Mineral Density
(BMD)

Among cases 53 (88.3%) persons had low bone mineral density.
In that 29 patients (48.3%) had osteopenia, 24 subjects (40%)
had osteoporosis and 7 (11.7%) had normal BMD. Among control
group 19 cases (31.7%) had low BMD, in which 18 had osteopenia
and 1 had osteoporosis. Low bone mineral density was more
prevalent in PLHA than control (P value: 0.000). Patients with HIV/
AIDS had a 16.26 times higher risk of having low bone density
than that of normal population (Odds ratio).

Evaluation of traditional risk factors

There was no statistical difference found between the two groups
in terms of physical activity (p=0.098), sun exposure (p=0.196),
calcium intake (p=0.273), history of alcohol consumption
(p=0.853), history of smoking (p=0.852). BMD among non-
smokers (p=0.00) in both the groups and history of fractures
(p=0.013) were statistically significant between both the groups
(Tables 4 and 5).

Evaluation of risk factors related to HIV infection

No HIV associated risk factor was found to be statistically
significant. Duration of HIV infection (p=0.553), median absolute
CD4 count (p=0.128) and the median viral load (p=0.743) were

Table 4: Evaluation of traditional risk factors.

Case
Inadequate Adequate
Physical activity 63.30% 36.70%
Sun exposure 48.30% 51.70%
Calcium intake 45% 55%
Table 5: Evaluation of traditional risk factors.
Case
History of smoking 40%
History of alcohol 41.70%
History of fracture 11.70%

Vitamin D
2.387+3.5805%
(Range 0-19%)

FRAX score

Table 6: Evaluation of risk factors related to HIV infection.

Normal BMD
Duration of HIV 3 months
HIV viral load 115467 copies/Ml
CD4 cell count 347 cells/Ml

Tenofovir exposure 5 participants

© Under License of Creative Commons Attribution 3.0 License
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Controls: n(%)
. . P value
Normal Osteopenia Osteoporosis

7 (77.8%) 1(11.1%) 1(11.1%) 0.01
22 (64.7%) 12 (35.3%) 0 (0%) 0
12 (70.6%) 5 (29.4%) 0 (0%) 0

41.08+11.52 yr 0.89

not significantly related to bone density. Similarly tenofovir based
ART regimen (Figure 1) was also not associated significantly with
bone mineral density in our study (p=0.417) (Table 6).

Vitamin D [25 (OH)] level in study and control
groups

The mean vitamin D [25 (OH)] level in control population was
21.363 + 17.7826 U/uL and in disease group it was 26.238 +
20.1647 U/uL. The difference between both disease and control
population was not statistically significant (p=0.163). Association
of vitamin D deficiency with low BMD in between both case and
control groups was statistically significant (p=0.00).

The FRAX score

The mean of FRAX score in study group was 2.387( + 3.5805)%,
range from 0-19%, and control population, 0% and 16% were the
minimum and maximum FRAX scores respectively and 0.902(
2.3709)% was the mean. The difference of FRAX score between
both groups was statistically significant (p=0.00).

Correlation analysis of factors influence low
BMD in cases group

In our study no correlation found between traditional risk factors
like age, BMI, smoking, sex, alcohol consumption, and viral load,

Control
P value
Inadequate Adequate
48.30% 51.70% 0.098
36.70% 63.30% 0.196
55% 45% 0.273
Control P value
38.30% 0.852
43.30% 0.853
NIL 0.013
26.238+20.1647 U/uL 0.163
0.902+2.3709% 0
(Range 0-16%)
Osteopenia Osteoporosis P value
2 months 3 months 0.553
89100 copies/MI 110676.5 copies/ml 0.743
194 cells/mL 187.5 cells/MlI 0.128
19 participants 12 participants 0.417
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Consent from confirmed HIV cases and controls
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Traditional risk factors, tenofovir exposure, CD4+ count and viral load, fracture(s)

Tests
Bone: 25(OH)vitamin D, calcium

Viral: absolute CD4+ count, viral load

U

DEXA scan: Femur and lumbar spine for bone mineral density

g

FRAX tool and 10 year fracture risk
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Statistical analysis

Figure1 Flow diagram of the study.
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Table 7: Correlation analysis of factors influences low BMD in HIV
patients.

Variables r p
Age 0.042 0.75
Male vs female -0.01 0.94
History of smoking 0.01 0.94

History of alcohol use -0 0.97
Vitamin D (25(0H)) level -0.16 0.22
Adequate sun exposure 0.17 0.19
Adequate calcium intake -0.02 0.9
BMI -0.18 0.18
Adequate physical activity 0.122 0.35
Absolute CD4+ (<200 vs >200) -0.22 0.09
HIV viral load (<1 lakh and >1 lakh) -0.06 0.63

level of CD4+ and HIV-RNA levels to low BMD in people living with
HIV/AIDS (Table 7).

Discussion

Our study has recorded a prevalence of 83.3% bone disease in
HIV infected population as compared to 31.7% prevalence in
healthy controls. By calculating odds ratio we could state that
our HIV population had a 16.26 times more risk of developing a
low BMD as compared to control population. Thus, HIV is rightly
considered as a risk factor for low BMD. Several other studies
have confirmed the same [8,9]. Brown et al. in a meta-analysis
study estimated reduced BMD in 67% of HIV-infected individuals
and 15% had osteoporosis [10]. The results were almost similar
to our study. In a study conducted at Jakarta, the prevalence of

4

reduced BMD in ARV naive HIV-infected patients was 26.2% [7].
In another study Arnsten et al. studied middle age women with
HIV infection and identified an increased prevalence of low bone
density in them [11]. In a cross sectional study done by Masyeni
et al., found a significant correlation between HIV infection and
low bone mineral density [12]. In Pune, 536 HIV patients were
observed for bone density and found that prevalence of low
BMD was compared between ART naive and ART experienced
patients. They found that low BMD was prevalent in 67% of ART
naive (osteopenia: 70.4%, osteoporosis: 29.6%) and in 80.4%
of ART experienced patients (osteopenia: 63.4%, osteoporosis:
36.6%) (p=0.05) [13]. These results were also similar to our study,
but there was no control population to compare the BMD in that
study. The study also suggested a possible role played by ART in
osteoporosis. Osteoporosis in a HIV infected individual is likely
multifactorial. Individual risk factors like height, weight, lean
body weight, dietary habits, physical activity, smoking habit,
alcohol consumption, vitamin D levels, calcium levels in blood
are common to the entire population irrespective of HIV status.
HIV related immune activation, direct viral effects on bone, ART
regime used may play a role in HIV induced BMD reduction.

Several mechanisms come into play for the development of
osteoporosis in PLHA. Successful bone formation or remodeling
requires a coupled osteoblast and osteoclast function. In HIV
infection there is uncoupling of these two processes. This can be
attributed to both direct and immune-mediated mechanisms.
Direct viral effect results in osteoclast activation mediated by
viral proteins like gp120, vpr and osteoblast apoptosis mediated
by p55-gag. Also, high viral load has a positive correlation

This Article is available in: http://hiv.imedpub.com



with RANKL (Receptor Activator of Nuclear Factor Kappa-B)
which induces osteoclast formation and in turn resorption of
bone. Indirectly, proinflammatory cytokines are upregulated
and regulatory molecules are downregulated. Cytokines like
Tumor Necrosis Factor (TNF)-a, (Interleukin) IL-6 promote
osteoclastogenesis and HIV infection favours their upregulation
through the PTH (Parathyroid Hormone) pathway. Interferon-y is
a physiological inhibitor of RANKL (Receptor Activator of Nuclear
Factor kappa-B ligand) signaling pathway and osteopontin is a
regulator of osteoclast activity. Studies have shown decline in the
levels of both the molecules in HIV infection [14-23].

ART also has a role to play in bone health. There is a generalized
concept that HAART (Highly Active Anti-retroviral Therapy)
decreases BMD initially, followed by stabilizing it and later on
increasing BMD as a long term effect. There are several studies
including some meta-analysis and the ASSERT (Adrenaline Stress
Strategic Emergency Response Training) study, which support
this statement [24-32]. It is hypothesized that the nephrotoxicity
of Tenofovir Disoproxil Fumarate (TDF) may increase the levels
of PTH and favour bone resorption. TDF causes mitochondrial
dysfunction in proximal convoluted tubules by inhibiting
mitochondrial DNA polymerase Y. This effect is not seen with
Tenofovir Alafenamide (TAF). Similar arguments hold good for
protease inhibitors also. But these are still hypothesis and the
credibility behind these proposed mechanisms are yet to be
confirmed. Several questions still remain unanswered, like role
of Tenofovir Alafenamide (TAF) and newer agents like entry
inhibitors and integrase inhibitors, reason for an acute fall in
BMD before it stabilizes and so on. A potential role of immune
reconstitution may be suggested.

Out of 60 subjects with HIV/AIDS there were 37 (61.7%) males
and 23 (38.3%) females. In control group out of 60 participants
there were 29 (48.3%) males and 31 (51.7%) females. In our study
there was no significant difference in the prevalence of bone
disease between males and females of either case or control
group. Usually the rate of bone loss in men is less than that in
women hence low prevalence of bone disease in men. But in a
study conducted by Dravid et al. in western India also found no
significant association of gender with bone disease [13]. As our
study group included more males than females the results were
not similar to previous studies.

The mean age in study group was 39.82 + 11.68 years and in
control group it was 41.08 £ 11.52 years. There was no difference
in mean age of our study and control population. Although
osteoporosis/osteopenia is usually a disease of old age, in our
population this was seen in young age group (30-50 years). Thus
people with HIV/AIDS were facing problem of bone disease at
earlier age. Previous Indian study also reported almost similar
(median age of low BMD in HIV/AIDS=38-49 year) finding [13].

Body Mass Index (BMI) was classified as underweight, normal,
over weight and obesity if the values are <18.5 kg/m?, 18.5-22.9
kg/m?, 23-24.9 kg/m? and 2 25 kg/m? respectively [33]. The mean
BMI was 24.62+4.72 kg/m? in HIV patients and 24.03+3.98 kg/
m? control population. In study group 24 out of 29 subjects and
in control group 7 out of 14 subjects with high BMI were found
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to have osteoporosis/osteopenia. In a Korean study, a significant
association was found with low BMI and low BMD in HIV patients.
Similarly a recent study from India showed that lean body mass,
BMI and albumin/globulin ratio were predictors of osteoporosis
in HIV infected women [34]. Usually chronic HIV infection leads
to poor nutrition and weight loss but in our study there was no
significant difference in BMI of case and control subjects, hence
the results were not similar [35].

Kujala et al. studied relation between physical activity hip
osteoporosis and their results were contradictory to our findings.
They observed that the baseline physical activity and future
hip fracture risk were inversely related [36]. Physical activity is
important modifiable risk factor for osteoporosis. In our study, 34
members in study group and 8 members in control group were
found to have low BMD in association with inadequate physical
activity but it was statistically insignificant. Similarly, Perazzo et al.
showed that moderate to high intensity physical activity should
mitigate excessive bone loss in People living with HIV/AIDS [37].
Meta-analysis has proved that physical exercise improves BMD
and decreases the risk of osteoporosis [38]. This discrepancy
between literature and our study might be because of our small
sample size.

Smoking is also a risk factor for osteoporosis. In an Irish study by
Cummins et al. found that smoking was the strongest behavioral
predictor of lumbar and femoral BMD [39]. However in our study
we found that positive history of smoking was present in 24 (40%)
of study population and 23 (38.3%) of control population. The
difference was statistically insignificant. Alcohol consumption
was also not significant risk factor for osteoporosis in our study. A
similar result was shown by Saitz et al. where alcohol consumption
was not significantly related to osteoporosis [40].

The mean 25 (OH) vitamin D level in disease group was 21.36
+ 17.78 U/uL and in control population it was 26.238 * 20.16
U/uL. The difference was statistically insignificant. This might
be because of high prevalence of vitamin deficiency in normal
Indian population. The prevalence of Vitamin D deficiency in
Indian population is estimated to be 80% [41]. In contrast to our
results, a study in Chille showed that Vitamin D deficiency was
prevalent more on HIV infected individuals compared to healthy
controls and the results were significant (p=0.04%) [42]. Vitamin
D deficiency may lead to a secondary increase in parathormone
levels resulting in increased bone resorption.

Out of 60 subjects of PLHA group in our study the median
duration of HIV infection was 3 months, 2 months and 3 months
in normal, osteopenia and osteoporosis groups respectively. And
this was statistically not significant (p=0.553). Previously a study
was done by Aydin et al. among 126 HIV patients, and they found
significant correlation between HIV duration and prevalence of
low bone mineral density [43]. This was not comparable in our
study. This might be because of small sample size.

In our study, among disease group 7 out of 60 subjects with
normal BMD had median absolute CD4+ count of 347 cells/uL,
29 out of 60 subjects with osteopenia had 194 cells/uL and 24
subjects with osteoporosis had 187.5 cells/uL. This difference
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was not significant statistically. The relationship between CD4 cell
count and BMD loss is quite variable [44]. Aydin et al. found no
association between CD4 cell count and osteoporosis in people
living with HIV/AIDS [43]. Whereas, in a multivariable analysis,
Grant et al. found that baseline CD4+ cell count had a significant
association with 96-week BMD loss. Patients with baseline CD4+
<50 cells/uL suffered significant loss in BMD compared to those
with CD4+ > 500 cells/uL (p=0.001) [45]. Grant et al., however,
could not explain the mechanism of this relationship between
low CD4 count and low BMD. Dutta et al. did not find any
correlation between the baseline CD4 count and osteoporosis
in pre-menopausal women; however, in their study they have
found that change in CD4 count is an independent predictor of
osteoporosis [34]. These results were not comparable with our
study. The difference might be because of variation in selection
of subjects and type of study.

There was no significant association between HIV viral load
and prevalence of low bone mineral density in our study.
Contradicting our results, Aydin et al. and Grant et al. showed
significant relation between high viral load and prevalence of low
bone mineral density [43,45]. In our study in we couldn’t get the
initial viral load of few subjects who were previously diagnosed
and on treatment. The variation in the point of time of getting
viral load among all subjects might be the reason for the lacking
of significant association in our study.

In disease group 36 out of 60 subjects with HIV/AIDS were on
tenofovir based regimen. Among those 27 subjects had low bone
mineral density of which osteopenia was present in 19 subjects
and osteoporosis was found in 12 subjects. But the difference in
prevalence of low BMD between tenofovir using and not using
groups was not found as significant. On the other hand role of
tenofovir in osteoporosis have been evaluated and confirmed
through randomized control trials which show consistent results
of tenofovir increasing the chances of osteoporosis, especially
in hip and spine [31,32]. A study of the Veteran Affairs Clinical
Case Registry showed that cumulative exposure to tenofovir was
associated with an increased risk of low bone density and incident
fracture (Hazard Ratio) (HR, 1.16; 95% Cl, 1.08-1.24; P=0.0001)
[46]. Negredo et al. also showed role of Protease Inhibitors (Pls)
in development of osteoporosis. According to his study Pls and Pls
in combination with TDF had higher incidences of osteoporosis.
Darunavir was significantly associated with osteoporosis in both
men (HR 3.9; 95% Cl 2-7.5) and women (HR 4.5; 95% Cl 1.4-14.7)
while atazanavir in only women population (HR 4.2; 95% Cl 1.3-
14) [47]. In our study we could not retrieve the data regarding
previous ART regimens they used in few subjects, hence the
results were not similar to previous studies.

Gallant et al. [48] concluded that earlier initiation of ART may
resultin a better outcome in terms of ART associated osteoporosis.
In our study we could not get the pre ART initiation CD4+ count in
all patients hence the results were not significant.

In our study while history of fractures was given by 7 (11.7%)
subjects (six were osteoporotic and one was osteopenic) in
cases group, no one in control group had history of fracture and
the difference was statistically significant. Among those seven
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fractures, two were fragility fractures and rest all traumatic.
Osteoporotic fractures are usually fragile. Our finding i.e. more
traumatic fractures might be incidental. In the HIV Outpatient
Study (HOPS), age-adjusted fracture rates for HIV-infected adults
were higher than rates in the general population. Fracture
rate per 10000 population in HOPS was 83.2% and 35.9% in
general population [49]. A Canadian case control study showed
increased probability of fragility fracture in a HIV positive woman
compared to HIV negative individual [50]. A Swiss cohort study
showed the fracture incidence to be 1.64 per 1000 person years
in HIV infected individuals. The median duration of HIV in their
study was 15.4 years [51]. Similar conclusion was obtained in a
systematic literature review conducted by Llha et al. where the
incidence of vertebral fracture was found to be higher in HIV
positive individuals [52]. All above results were similar to the
findings in our study. In contrast, some data suggest a similar risk
of fracture in HIV-infected and HIV-uninfected persons [53].

The mean of FRAX score in cases group was 2.387 and 0.902 in
control population. The difference was statistically significant.
FRAX score, exclusively based on femur neck BMD, may
underestimate the fracture risk. Moreover WHO algorithm
does not validate the use of spine BMD. So, it’s imperative that
clinicians should make decisions based on suspicions and clinical
judgment.

No correlation found between traditional risk factors like age,
BMI, smoking, sex, alcohol consumption, and viral load, level
of CD4+ and HIV-RNA levels to low BMD. However, our result
shows a trend in CD4+ and HIV-RNA levels and low BMD. The
reason of this finding might be explained by small sample size,
and uneven sample distribution. Masyeni et al. [54] conducted a
cross sectional study in Sanglah Hospital, Bali and found low bone
density in 43.8% HIV patients and as in our study there was also
no correlation between traditional risk factors and osteoporosis/
osteopenia in PLHA.

Insummary, people living with HIV/AIDS are at risk of osteoporosis,
osteopenia and fracture more than normal population and the
risk of developing bone disease is more with young age group.
Neither the traditional risk factors nor the virus related risk
factors have a correlation with the lesser BMD found in PLHA.
Vitamin D deficiency was not significantly associated with low
BMD among HIV population in our study but considering its
magnitude in Indian population, it should be regarded as an
important risk factor for bone diseases in both HIV positive and
negative population. Tenofovir is one of the front line drugs in
majority of guidelines in ART. In view of widely prevalent vitamin
D deficiency and osteoporotic effect of tenofovir we would
suggest substitution of TDF with TAF. This may benefit the patient
both in terms of renal and bone health.

Our study had some contradictory results compared to previous
studies in the literature. This may be because of differences in
the selected population, selection criteria and also the limitations
of our study like small sample size, lack of follow up, inability to
calculate risk ratio. However, we have applied strict inclusion
and exclusion criteria in our study and it is one of its kinds in the
Indian scenario. Awareness of bone health in HIV is still lacking
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among the physicians dealing with HIV/AIDS patients. Our study
emphasizes the need for regular screening of these patients
for bone diseases and also for empirical vitamin D and calcium
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