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Abstract
Summary Most studies of bone density in HIV-infected
individuals focus on young men. This study compares
differences in bone density in elderly HIV positive men and
women to HIV negative controls. Bone density was lower
in the lumbar spine and hip in the HIV-infected group.
Antiretrovirals may be associated with decreased bone
mineralization.
Introduction Individuals with human immunodeficiency
virus (HIV) may be at increased risk for osteoporosis.
Prolonged exposures to HIV and/or antiretroviral therapy
are possible causes for this association. This study
compares differences in bone mineral density (BMD) in

elderly HIV positive men and women to HIV negative
controls.
Methods A cross-sectional study was conducted among 57
HIV-infected and 47 HIV negative subjects over age 55.
BMD at the lumbar spine and total hip and markers of bone
turnover were compared.
Results BMD was borderline lower in the lumbar spine and
significantly lower in the hip in the HIV-infected group.
Controlling for age, sex, race and body mass index, differ-
ences between the groups were significant at both sites. There
was no difference in markers of bone turnover between the
groups. Tenofovir use was significantly associated with
decreased BMD at the spine while protease inhibitor use
was significantly associated with decreased BMD at the hip.
Conclusion Elderly men and women with HIV have lower
bone mass than HIV negative controls. Decreased body
mass index was the most important risk factor associated
with decreased BMD. Bone demineralization was observed
among HIV-infected subjects receiving either tenofovir or a
protease inhibitor.
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Introduction

With the advent of highly active antiretroviral therapy
(HAART) and the resultant decline in mortality, the life
expectancy of HIV-infected individuals has increased [1].
Between 2001 and 2004, the percentage of all HIV cases in
patients ≥50 years increased from 17% to 23% [2].
Although reports of decreased bone mineral density
(BMD) predate the widespread use of HAART [3, 4], there
has been increasing concern regarding the long-term effects
of antiretroviral (ARV) therapy on BMD.
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The prevalence of osteoporosis in HIV-infected individ-
uals was recently reported to be 15%, or threefold higher
than the general population [5]. Classical risk factors, such
as hypogonadism and low weight, which may be increased
in HIV-infected individuals, have been implicated as
potential causes of decreased BMD as well as HIV infection
and antiretroviral therapy.

The pro-inflammatory cytokines TNF-α, IL-1 and IL-6,
which are induced by HIV infection, have been shown to
increase osteoclastogenesis via increased production of
receptor activator of nuclear factor κ B ligand (RANKL),
the primary mediator of osteoclastogenic bone resorption
[6–8]. Antiretrovirals have been shown to have an adverse
effect on BMD [9–11]. Cross-sectional studies revealed a
greater than twofold increase in osteoporosis in individuals
treated with ARV therapy compared to ARV naïve patients
with an increased odds ratio of 1.6 for individuals who
received protease inhibitors compared to those who did not
[5]. However, many of these studies did not control for
other potential confounding variables. Specific antiretrovi-
rals may have a significantly different impact on BMD [10,
12]. Tenofovir has been shown to decrease bone mineral-
ization in children [12]. AZT has been shown to effect
osteoclastogenesis and may influence BMD by a different
mechanism [13].

In a study of older, post-menopausal women, time since
menopause and weight were important predictors of BMD,
whereas HIV related risk factors were not [14]. Importantly,
this study was limited by the use of historical controls. The
objective of this cross-sectional observational study was to
compare the prevalence of decreased bone mineralization
and associated risk factors in a cohort of older men and
post-menopausal women to an HIV uninfected control
population.

Methods

All HIV-infected patients over the age of 55 who attend the
Jack Martin Fund Clinic, a New York State designated
AIDS Center located at the Mount Sinai School of
Medicine (MSSM), were offered enrollment in the study.
In addition, five HIV-infected individuals were referred by
community providers. Control subjects were recruited from the
general internal medicine practice at MSSM and from
providers in the surrounding community. Participants were
excluded if they had hyperparathyroidism, hypercalcemia,
Cushing’s disease, Paget’s or other known bone disease, or
suppressed thyroid stimulating hormone (TSH) (<0.3 uIU/ml).
Individuals who had received systemic corticosteroids for
more than 6 months or other medications known to affect
bone metabolism, such as bisphosphonates, were also
excluded. Subjects were enrolled between May 2003 and

March 2006. All individuals provided written informed
consent and the study was approved by the Institutional
Review Board (IRB) at MSSM, which conforms to the
Helsinki Guidelines.

Participant evaluation included an interview and medical
chart review to obtain duration of menopause, fracture
history, detailed medication history (including type and
duration of antiretroviral therapy), estrogen use, dietary
calcium intake, extent of physical activity, alcohol con-
sumption, illicit drug (heroin, cocaine) and tobacco use.
Calcium intake was calculated by a Research Nutritionist
using 24 hour dietary recall. Physical activity was defined
as moderate or strenuous activity for at least 20 minutes on
one or more days per week. Body mass index (BMI) and
waist circumference were obtained and blood was collected
for 25 hydroxyvitamin D and 1,25 dihydroxyvitamin D,
intact parathyroid hormone (iPTH), thyroid stimulating
hormone (TSH), luteinizing hormone (LH), follicular
stimulating hormone (FSH), testosterone, estradiol, N-
telopeptide, and osteocalcin. All control subjects underwent
HIV testing by ELISA.

Bone mineral density (BMD) of the lumbar spine (L1-4)
and total hip were measured by dual-energy x-ray absorpti-
ometry using a Hologic 4500 densitometer (Hologic Inc.,
Waltham, MA). Control data used by this machine are
derived from the Second National Health and Nutrition
Examination Survey (NHANES II).

Statistical analysis

Descriptive statistics were used to characterize the groups.
Chi-square or Fisher’s exact test was used for comparison
of categorical variables between the two groups. A non-
parametric Wilcoxon test was performed to compare cases
and controls for all continuous variables other than age,
weight, BMI which were compared by Student’s t-test. For
the sex hormones (LH, FSH, testosterone and estradiol)
non-parametric tests were performed independently for
males and females using a p value of <.025 for significance.
Multivariate analysis was used to test for differences
between HIV positive and HIV negative participants in
bone mineral density, adjusting for age, sex, race and BMI.
Within the HIV positive group, multiple regression analysis
was used to determine if use and duration of specific
antiretroviral agents (tenofovir and protease inhibitors)
were related to bone mineral density, when controlling for
age, gender, BMI, and duration of HIV infection. In order
to retain all participants in this analysis, one missing value
of tenofovir duration, three missing values of PI duration
and a single missing value of HIV duration were replaced
by the mean. Calculations were done using SAS software
(version 9; SAS Institute). All tests were two-tailed.
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Results

A total of 115 subjects were enrolled. Eleven were excluded
for the following reasons: four for hyperparathyroidism,
two for corticosteroid use of more than 6 months, three
individuals did not return for DEXA scanning and two were
unable to have DEXA scans performed. Of the remaining
104 study participants, 57 were HIV-infected individuals
and 47 were HIV negative controls. Among the HIV-
infected subjects, 82% were receiving antiretroviral therapy
and 52% of the total were on protease inhibitors. Character-
istics of HIV-infected and control subjects are shown in
Tables 1, 2 and 3. The mean age and median years since
menopause were similar between the cases and controls.
However there were significantly more men in the HIV
positive group, as well as more African Americans. Body
mass index (BMI) and weight were significantly lower in
the HIV positive group.

HIV-infected individuals were more likely to be smokers
than controls. A history of cocaine or heroin use was
significantly higher among HIV-infected subjects than
controls. The HIV-infected group was less likely to be
physically active. Among the HIV-infected subjects, only
16% reported current alcohol consumption compared to
49% of controls. Vitamin D levels were noted to be low;
however there was no difference in levels between HIV-
infected individuals and control subjects. Furthermore,
there was no difference in iPTH, TSH, fracture history,
estrogen use, steroid use, calcium intake or markers of bone
turnover (osteocalcin and N-telopeptide) (Tables 1 and 2).
There was a significant difference in LH between HIV-
infected women compared to HIV negative women (p=.01).
FSH, testosterone and estradiol did not significantly differ
between HIV-infected and control subjects (data not
shown).

Table 4 gives descriptive statistics for bone density
measurements (T scores and Z scores) for both groups. All
measures of bone density were significantly lower in the
HIV positive individuals. Table 5 shows that controlling for
age, sex, race and BMI, differences between the groups
were generally significant at both sites. Differences in the
hip were highly significant (p<.01), while for the spine,
differences were significant for the Z score (p<.05), and
borderline significant for the T score (p=.072).

No association was found between degree of bone
demineralization and current or nadir CD4 cell count,
duration of HIV infection, or viral load (data not shown).
After adjusting for age, gender, BMI, duration of HIV and
PI use, duration of tenofovir use was significantly associ-
ated with decreased T and Z score at the spine (p=0.007,
0.007, respectively) but not at the hip (Table 6). In contrast,
after adjusting for the above variables and tenofovir rather
than duration of PI use, duration of protease inhibitor use

was significantly associated with decreased T score at the
hip (p=0.017), but not at the spine. The difference in Z
score at the hip was of borderline significance (p=0.054).

In this study, the prevalence of abnormal bone density
(osteopenia + osteoporosis) is significantly increased in
HIV positive individuals compared to HIV negative
controls (Table 7). In both groups, osteoporosis which is
defined as a T score >2.5 standard deviations below peak
bone mass, was more common at the lumbar spine rather
than the hip.

Discussion

Most studies of BMD and HIV infection have focused on
men or have lacked a comparison group of individuals
without HIV infection. This cross-sectional study examined
the prevalence of decreased bone mineral density in one of
the oldest groups of HIV-infected individuals studied thus
far. We found that elderly HIV-infected men and women
have a significantly higher prevalence of decreased BMD
when compared to an HIV negative control population. In a

Table 1 Characteristics of the 104 subjects enrolled in a study to
determine the association between HIV infection and reduced bone
mineral density (BMD)

Characteristic HIV
positive
(n=57)

HIV
negative
(n=47)

p-value*

Age, mean years±SD 61±5 62±6 .41
Weight, mean kg±SD 71±14 80±17 .007
BMI±SD 26±5 29±6 .002
Sex-number (%) male 34 (60) 14 (30) .002
Race-number (%)
Black 31 (54) 16 (34)
White 6 (11) 14 (30) .026
Hispanic 20 (35) 17 (36)

Physical activity
Number (%) moderate or
strenuous exercise at
least once/week

32 (57) 37 (78) .015

Past bony fracture-number (%) 24 (42) 15 (32) .29
Past steroid use-number (%) 9 (16) 2 (4) .11
Past estrogen use-number (%) 7 (30) 16 (48) .27
History of heroin use-number (%) 15 (27) 2 (4) .002
History of cocaine use-number (%) 19 (34) 1 (2) <.001
Tobacco use-number (%)
Never 21 (37) 25 (53)
Former 14 (25) 14 (30) .023
Current 22 (39) 8 (17)
Current alcohol use-number (%) 9 (16) 23 (49) <.001

BMI, body mass index and SD, standard deviation
*For dichotomous outcomes, chi square was used except for steroid,
heroin and cocaine use (Fisher’s exact) and tobacco use (chi square for
trend)
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study by Arnsten et al., femoral neck and lumbar spine
BMD were reduced in women with HIV infection,
compared with women without HIV infection [15]. How-
ever, the median age of the women was 44 years compared
to this study in which the mean age of subjects was 61. In a
recently published study, femoral neck and lumbar spine
BMD were significantly lower in ≥49 year old HIV-infected
compared with HIV-uninfected men [16].

In this study, classical risk factors for osteoporosis such
as BMI were more important contributors to decreased
BMD in HIV-infected individuals than HIV related risk
factors, which have been previously reported to be
associated with decreased BMD, such as duration of HIV
infection, current or nadir CD4 cell count or viral load. An
exception to this finding was the use of tenofovir or
protease inhibitors. Tenofovir has been shown in longitu-
dinal studies to be associated with decreased bone
mineralization [10, 12], potentially due to renal phosphate
wasting and subsequent osteomalacia [17]. In this study, the

longer subjects received tenofovir, the lower the BMD at
the spine and the longer participants took PIs the lower the
BMD at the hip. Notably, the effect of tenofovir at the hip
exceeds that for PI even though only the latter is significant
(Table 6). Presumably, this is due to the wider range and
longer duration of PI use.

The spine is comprised primarily of cancellous bone, which
undergoes more rapid turnover than the hip, which consists
mostly of cortical bone [18]. The differential effect seen by
tenofovir and PI at these two sites may, therefore, reflect
different mechanisms by which BMD may be effected.
Further study to confirm these findings and elucidate the
possible mechanisms is needed. In addition, combined use of
both tenofovir and protease inhibitors may result in an
additive effect on BMD and warrants further study.

Although LH levels were higher in HIV-infected than
HIV negative women, there was no difference in estradiol
levels. Therefore, the significance of this finding is unclear.
Both study groups had low 25 hydroxyvitamin D levels.
However this is not an unexpected finding for a low
income, urban population living in the northern hemisphere
and has been previously reported [19]. Protease inhibitors
have been implicated in suppressing the synthesis of 1,25
dihydroxyvitamin D [20]. Other authors have found lower
levels of 1,25 dihydroxyvitamin D in HIV-infected indi-
viduals regardless of protease inhibitor use [21, 22]. TNF-α
inhibition of 1α hydroxylase activity has been suggested as
a possible mechanism for this finding. However, we did notTable 3 Characteristics of the 57 HIV-infected participants

Characteristics Values

Median length HIV diagnosis, months (IQR) 132 (72, 156)
Median CD4 count, cells/mm3 (IQR) 556 (255, 677)
Number (%) CD4 <200 10 (19)
Median nadir CD4 count, cells/mm3 (IQR) 186 (70, 270)
Median HIV viral load, copies/ml (IQR) 57 (49, 8161)
Number (%) viral load <50 copies/ml 26 (48)
Current tenofovir use (%) 19 (33)
Duration*, median months (range) 15 (0.5–42)
Current protease inhibitor use (%) 29 (52)
Duration*, median months (range) 22 (1–84)

IQR, interquartile range
*The median and minimum values are for subjects taking the
medication

Table 4 Comparison between HIV positive and HIV negative
participants of bone mineral density of the hip and spine

Characteristic HIV positive HIV negative p-value

T score, mean±SD
Total hip −1.18±0.96 −0.25±1.02 <.001
Lumbar spine −1.53±1.48 −0.81±1.25 .008
Z score, mean±SD
Total hip −0.39±0.94 0.63±1.07 <.001
Lumbar spine −0.54±1.54 0.57±1.27 .001

Table 2 Median values of bone markers, endocrine and metabolic
parameters

Characteristic HIV
positive

HIV
negative

p-value*

Years since menopause 14 13 .52
Years of estrogen use in
women who received estrogen

4 5 .64

Daily calcium intake (mg/day) 721 709 .48
Serum calcium (mg/dl) 9.4 9.7 .011
TSH uIU/ml 1.89 1.73 .49
Intact PTH (pg/ml) 45 52.5 .056
25 OH’-D (ng/ml) 19.2 17.4 .49
1,25 OH’-D (pg/ml) 35.9 35 .62
N-telopeptide (nMBCE)** 20 20.8 .86
Osteocalcin (ng/ml) 2 1.85 .41

*Non-parametric Wilcoxon was used for all outcomes
**nMBCE, nanomoles bone collagen equivalents per liter

Table 5 Results of multivariate analysis for differences between HIV
positive and HIV negative participants in T and Z scores, adjusting for
age, sex, race & BMI

Characteristic Beta estimate* Standard error p-value

T score
Total hip .625 .194 .002
Lumbar spine .549 .302 .072
Z score
Total hip .588 .196 .003
Lumbar spine .663 .301 .030

*Beta estimate is the difference between HIV positive and HIV
negative subjects in adjusted means
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see a difference in 1,25 dihydroxyvitamin D levels between
HIV-infected individuals and controls. Although serum
calcium levels were higher in the HIV negative group,
ionized calcium was not obtained. Thus, it is unclear if the
biologically relevant form of calcium was different between
the groups.

Aukrust et al. described perturbations in markers of bone
metabolism in HIV- infected individuals with advanced
disease. Specifically, low osteocalcin, a marker for bone
formation, and high C-telopeptide, a marker for bone
resorption, were seen. Notably after institution of HAART,
a marked increase was seen in osteocalcin levels coincident
with a decrease in HIV viral load and levels of TNF-α [23].
Furthermore, post HAART, a shift towards resynchroniza-
tion of bone remodeling was seen as evidenced by a greater
correlation between osteocalcin and C-telopeptide levels.
Dolan et al. found an increase in N-telopeptide in HIV-
infected individuals compared with control subjects and
that there was an inverse correlation between BMD and
urinary N-telopeptide level [24]. However, in a study that
looked only at HIV-infected individuals, no association
between BMD and bone markers was seen [25]. We did not
find any difference in osteocalcin and N-telopeptide levels
between the two groups. Specifically, there was no
evidence of uncoupling between osteocalcin and N-telopep-
tide in the HIV positive group as has been previously noted
[23]. However, this is not unexpected as >80% of subjects
were on antiretroviral therapy. Osteocalcin and N-telopep-

tide were not collected fasting and in the morning in all
subjects, which is a limitation of the study.

An additional limitation of this study is the small sample
size, which limited the ability to test for interactions
between covariates. Of note, there were significant differ-
ences between the groups with respect to alcohol consump-
tion, tobacco use and physical activity which are factors
known to influence bone mineral density. However, the
small number of participants limited the number of
variables the model could accommodate.

To minimize the possibility of referral bias, the vast
majority of subjects were recruited from a single clinic and
all patients in the clinic were approached and offered
participation in the study. Although there is the potential for
referral bias in the control population, this would have skewed
results towards a higher prevalence of decreased BMD in the
control group, which is not what was found. Although there
was more illicit drug use in the HIV-infected compared to the
HIV- uninfected group (15 vs. 2 reported ever using heroin
and 19 vs. 1 reported ever using cocaine), the study was
limited by the absence of data on current drug use.

There was no statistically significant difference between
the groups with respect to systemic steroid use; however, it
should be noted that we did not collect data on the use of
inhaled or topical steroids. Given the increasing awareness of
the potential for systemic effects from inhaled and topical
steroids due to pharmacokinetic interactions with protease
inhibitors, this may have been a significant omission [26].

Table 6 Results of multiple
regression analysis to deter-
mine the effect of tenofovir and
PI use on T and Z scores

*Beta estimate represents the
change in BMD per month of
medication, controlling for age,
gender, BMI, duration of HIV,
tenofovir use or PI use

Tenofovir duration PI duration

Beta estimate* Standard
error

p-value Beta estimate* Standard error p-value

Lumbar spine
T score −.051 .018 .007 −.007 .009 .46
Z score −.050 .018 .007 −.006 .009 .50
Total hip
T score −.017 .011 .140 −.014 .006 .017
Z score −.013 .011 .230 −.011 .006 .054

Table 7 Prevalence of osteopenia and osteoporosis as defined by T score

Normal Osteopenia* Osteoporosis** p-value

Total hip
HIV positive 23 (40%) 31 (54%) 3 (5%) .251

HIV negative 35 (74%) 12 (26%) 0 (0%) .0072

Lumbar spine
HIV positive 19 (33%) 22 (39%) 16 (28%) .091

HIV negative 29 (62%) 12 (26%) 6 (13%) .0062

*T score between −2.5 and −1 SD
** T score less than −2.5 SD
1 p=comparison of HIV positive vs. HIV negative individuals with normal + osteopenic bone to those with osteoporosis
2 p=comparison of HIV positive vs. HIV negative individuals with normal bone to those with osteopenia + osteoporosis
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This study supports the need to be vigilant in screening
and early intervention for both osteopenia and osteoporosis
in HIV-infected individuals as they age, especially those
with underlying risk factors. It also underscores the need to
be mindful of the potential contribution of underlying
vitamin D deficiency, particularly in an urban poor
population. The above is especially true given the pro-
longed period that HIV-infected individuals may remain on
HAART. The potential long-term effect of tenofovir and
protease inhibitors deserves particular attention and longi-
tudinal studies investigating this are ongoing.
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