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Abstract
Background—The use of highly active antiretroviral therapy (HAART) has been associated
with multiple metabolic complications whose pathogenesis is poorly understood at the present
time.

Methods—We performed a cross-sectional analysis of whole-body, lumbar spine (L1 – L4) and
proximal femur bone mineral density in 112 male subjects (HIV-infected patients on HAART that
included a protease inhibitor, HIV-infected patients not receiving a protease inhibitor and healthy
seronegative adults) using dual energy x-ray absorptiometry.

Results—Men receiving protease inhibitors had a higher incidence of osteopenia and
osteoporosis according to World Health Organization definitions: relative risk = 2.19 (95%
confidence interval 1.13–4.23) (P = 0.02). Subjects receiving protease inhibitors had greater
central : appendicular adipose tissue ratios than the other two groups (P < 0.0001). There was no
relationship between the central : appendicular fat ratio and the lumbar spine or proximal femur
bone mineral density t- or z- scores, suggesting that osteoporosis and body fat redistribution are
independent side effects of HAART.

Conclusions—Osteopenia and osteoporosis are unique metabolic complications associated with
protease inhibitor-containing potent antiretroviral regimens, that appear to be independent of
adipose tissue maldistribution.
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Introduction
Dramatic advances in the treatment of HIV infection have occurred over the past few years.
Availability of HIV protease inhibitors (PIs) and non-nucleoside reverse transcriptase
inhibitors allowed the use of highly active combinations of antiretroviral drugs (HAART)
that can inhibit HIV replication. The use of HAART has dramatically reduced the morbidity
and mortality rates from HIV infection [1,2]. This progress is not without problems. All
components of HAART regimens have major acute and long term toxicities that are only
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partially understood [3–11]. Among these toxicities are metabolic problems including
diabetes mellitus, hyperlipidemia, lipodystrophy, lipoatrophy and dyslipidemia. The
mechanism(s) by which antiretroviral therapy might cause these abnormalities is unknown.

There have been anecdotal reports of bone disorders such as avascular necrosis of the hip
and compression fracture of the lumbar spine in HIV-infected patients receiving HAART
[12–17]. These are recognized complications of severe osteoporosis, but avascular necrosis
might be attributed to hyperlipidemia. We have used dual energy X-ray absorptiometry
(DEXA) to evaluate bone mineral density (BMD) and body adiposity in patients with HIV.
We have observed a lower lumbar and thoracic spine BMD in up to 30% of the HIV-
infected individuals treated with PIs. This implies that osteopenia and osteoporosis are
additional metabolic complications associated with HAART.

Methods
Patients

A cross-sectional analysis was performed on 122 subjects (112 men and 10 women). Three
different subject groups were enrolled: (a) HIV-infected patients receiving PIs (n = 64); (b)
HIV-infected patients not receiving PIs (n = 36); and (c) healthy adults (HIV negative
controls) (n = 22). We focused our analysis on the 112 males. This study represents the
findings of consecutive DEXA scans carried out on our HIV-infected patient population
over a period of time of more than 2 years. When an individual had several scans we
selected the first scan available if it was done before starting therapy. If no scan was
available before starting therapy then, the last scan on PI treatment was used. The population
of controls was actively enrolled later on. All studies were performed after an overnight fast.
All subjects gave written informed consent.

Dual energy X-ray absorptiometry
An Hologic QDR-2000 enhanced-array whole-body DEXA scanner (Hologic, Waltham,
Massachusetts, USA), Hologic enhanced-array whole body software (version 5.71A) and
regional array software (version 4.74A:1) were used to determine BMD of the whole-body,
the lumbar spine (L1–L4), and proximal femur. The soft tissue bar was used to quantitate
whole-body adipose tissue mass, regional adipose tissue mass (arms, legs, trunk) and fat-free
mass. The central : appendicular adipose tissue ratio was calculated as the amount of adipose
tissue in the trunk region/amount of adipose tissue in both arms and legs. Each scan was
acquired and processed by an experienced radiology technologist. A subset of patients also
underwent localized bone densitometry of the lumbar spine and the hip during the same
examination (see below).

Statistical methods
To evaluate whether the lumbar spine BMD derived from the whole body DEXA scan was
similar to the lumbar spine BMD derived from a DEXA scan localized to the L1–L4 region,
we performed both determinations in a subset of 41 patients and calculated the Pearson’s
correlation coefficient between these measurements.

Then, using the manufacturers normative population data established by gender, race and
age, we calculated the normalized t- and z- scores for the lumbar spine (L1–L4) in all
subjects, according to the following formulas: t-score = (measured BMD − population mean
BMD at age 30 years)/standard deviation (BMD at age 30 years); z-score = (measured BMD
− population mean BMD for same age subject)/standard deviation (BMD at same age).
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Using World Health Organization (WHO) definitions of osteopenia and osteoporosis we
classified the patients into the following categories: normal = t-score > −1, osteopenic = t-
score from −1 to −2.5, and osteoporotic = t-scores < −2.5. In addition, any subject with a
BMD z-score < −2 (less than 2 SD of what is considered normal for his or her age and race)
was classified as osteoporotic. Non-parametric statistical tests (Kruskal–Wallis) were used
to compare t- and z-scores for spine and hip BMD between groups. Normally distributed
variables [age, body mass index (BMI), adiposity] were compared using analysis of
variance.

Results
We enrolled 122 subjects into the study (112 men and 10 women). The demographic and
anthropometric characteristics are summarized in Table 1. The BMI (kg/m2) were well
balanced between groups. Controls were slightly younger than the HIV-infected patients. To
adjust for the age difference, the t- and z-scores for the regional BMDs were used to
compare the three groups. We focused our analysis on the 112 men (60 on PIs, 35 never-
treated or on regimens that did not include a PI and 17 non-HIV-infected controls) because
the group of women was too small to make meaningful gender comparisons. The median
exposure to PIs in the group of subjects receiving them was 104 weeks (range, 16–363) and
double PI regimens were counted as the sum of the exposures to each individual PI. Forty
percent of the patients had received two or more PIs at the time the DEXA scan was done.
The treatment with PIs represented a total of 6730 weeks of PI exposure (27% nelfinavir,
27% indinavir, 24% ritonavir and 22% saquinavir, with the last two generally being used in
combination). Amprenavir was only used for 10 weeks (0.14% of the total PI exposure).

Correlative measures of lumbar spine BMD derived from the whole-body and localized
lumbar spine scans were carried out in 41 subjects. We observed a strong correlation
between lumbar spine BMD using regional and whole-body scans (r = 0.97, P < 0.0001).
This indicated that the lumbar spine BMD determined using a whole-body scan was
representative of lumbar spine (L1–L4) BMD determined by a scan localized to this region.
Therefore, lumbar spine BMD determined using whole-body DEXA scanning was used to
estimate the lumbar spine BMD t- and z-scores for all the subjects.

Men receiving PIs had lower median t-scores for the lumbar spine BMD than the other two
groups (Table 1 and Fig. 1; P = 0.02). Median z-scores for the lumbar spine BMD were also
lower in PI recipients (P = 0.04). Median z-scores for BMD in the trochanter, femoral neck,
and Ward’s triangle regions of the proximal femur were significantly lower in PI-treated
subjects than in HIV-infected subjects who were not receiving PI’s and in controls (Fig. 2; P
= 0.01, 0.08 and 0.09 respectively).

Using lumbar spine BMD t-scores, 50% of the subjects on PIs were classified as osteopenic
or osteoporotic according to the WHO classification (Table 1; P = 0.02). The relative risk
for osteoporosis in these subjects was 2.19 (95% confidence interval, 1.13–4.23) when
compared with HIV-infected subjects not receiving PI’s. Twenty-one percent of the patients
receiving PIs had a lumbar spine BMD more than 2 SD’s lower than the mean value
expected for their age, sex and race and met our definition of osteoporosis (Table 1). Only
6% of the controls and 11% of the HIV-infected patients not taking PIs were classified as
osteoporotic using these same criteria.

Men receiving PIs had a greater central : appendicular adipose tissue ratio than the other two
groups (Fig. 3; P < 0.0001), consistent with previous observations by others [8,18]. Whether
this was a result of HAART or existed before HAART was initiated, cannot be determined
in this cross-sectional study. There was no correlation between the central : appendicular fat
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ratio and the lumbar or proximal femur BMD t- or z-scores (Fig. 3). This suggests that
osteoporosis and body fat redistribution are independent side effects of potent antiretroviral
regimens (r2 = 0.0012, P = NS), which might be mediated through different mechanisms.

Patients with more prolonged use of PIs tended to have lower t-scores in the lumbar spine
(Pearson correlation coefficient = −0.19, P = 0.14), but this correlation did not reach
statistical significance.

Discussion
Gradual demineralization of bone is a normal feature of aging. Men and women naturally
begin to lose bone around 35 years of age, at a rate of 0.5–1% per year. Women lose bone at
an accelerated rate after the menopause. Bone densitometry reports refer to z- or t-score. The
z-score (which uses age-matched controls) compares the patient with a population adjusted
for age, race and sex; the t-score (using young normal controls) compares the patient with a
sex-adjusted population at peak bone mass [19].

Bone densitometry is a widely accepted tool to assess bone mineralization. For an individual
patient osteopenia (t-score between −1 and −2.5) carries a two-fold increase in risk for
fracture compared with normal BMD, and osteoporosis (t-score < −2.5) (without fracture)
carries a four- to five-fold increase in fracture risk. Severe osteoporosis (t-score < −2.5 plus
the presence of a fracture) increases the risk for further fractures by 20 times [20–22].
Osteoporosis is a multifactorial disease. Recognized risk factors for the development of
osteoporosis include postmenopausal state, ovarian-deficient status, primary
hyperparathyroidism, hypogonadism, cancer chemotherapy and systemic steroid
administration. None of these risk factors were present in the subjects studied.

Prior to the availability of PIs, low BMD was rarely observed in HIV-infected individuals
[23]. However, serum markers of bone turnover (osteocalcin) were decreased and resorption
(C-teleopeptide) increased in HIV-infected subjects with advanced clinical disease and high
serum tumor necrosis factor-α (TNF-α) levels [24]. Treatment with HAART (16 subjects, 2
years) reduced serum TNF-α levels and increased serum osteocalcin to levels in excess of
normal controls, whereas serum C-teleopeptide remained in the high-normal range [24].
Elevated serum osteocalcin indicates that bone cell turnover was accelerated after HAART
was initiated, but it is not direct proof that bone density was altered. Collectively, these
findings suggest that HAART may increase bone cell turnover, but in approximately 30% of
those treated, BMD (especially in the hip and spine) will decline.

Our findings indicate that HIV-infected individuals receiving PI-based HAART are more
likely to have significant bone demineralization. Therefore, HAART might be associated
with an increasing prevalence of osteopenia and osteoporosis, which may increase the risk
for fracture in people living with HIV/AIDS. The lack of a clear association with the total
exposure to PIs has to be interpreted with caution because the numbers are small, and we do
not know the baseline BMD t-scores of these patients before starting therapy. Patients that
started therapy with a high t-score (if this problem is causally related to therapy) might take
longer to reach a value in the osteopenic/osteoporotic range, suggesting, inaccurately, that
there is no relationship between length of treatment time on drug and BMD. A prospective
study is necessary to evaluate this question. As osteoporosis is slow to progress, several
years of HAART may accelerate the typical loss of bone mineral that occurs with advancing
age. Prospective sequential studies comparing antiretroviral regimens with and without HIV-
PIs are needed to definitely establish the role of the individual components of the
antiretroviral regimens in the pathogenesis of this apparent complication of therapy.
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The cross-sectional nature of the study design diminishes our ability to attribute cause but it
does suggest that an association exists, that requires further investigation. The situation is
similar to other well-known metabolic complications associated with antiretroviral therapy,
all of which have only been reported in cross-sectional studies. Their etiology and the role of
each individual medication in the antiretroviral regimen are still unclear.

This association between HAART and osteopenia requires prompt examination. The
increasing number of case reports of avascular necrosis, osteonecrosis and hip fracture
among patients receiving antiretroviral therapy suggest that this is a real phenomenon and
not a spurious association. Given the number of HIV-infected people who are currently
being treated with these medications, and the adverse health consequences associated with
osteoporosis, the combination could exacerbate the high morbidity and mortality rates
associated with HIV disease.
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Fig. 1.
Lumbar spine bone mineral density (BMD) t-scores for the 112 men included in this study.
The box represents the inter-quartile range, the thick line the median and the thin lines the
range of the t-scores. The median lumbar spine BMD (P = 0.002) and the t-score for the
HIV-positive patients on protease inhibitors (HIV+ PI+) group (P = 0.02) were lower than
the other two groups. Controls, healthy, uninfected subjects; no PI HIV+, HIV-positive
patients not taking protease inhibitors.
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Fig. 2.
HIV-positive patients taking protease inhibitors (HIV+ PI+) had significantly lower bone
mineral density (BMD) z-scores in the neck (P = 0.08), trochanteric (P = 0.01) and Ward’s
triangle (P = 0.09) regions of the proximal femur than the other two groups (Kruskal–Wallis
test). Controls, healthy, uninfected subjects; no PI HIV+, HIV-positive patients not taking
protease inhibitors.
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Fig. 3.
Patients on protease inhibitors had greater central : appendicular adipose tissue ratios than
the other two groups (P 0.0001). Controls, healthy, uninfected subjects; PI+ HIV+, HIV-
positive patients taking protease inhibitors; no PI HIV+, HIV-positive patients not taking
protease inhibitors.
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Table 1

Characteristics of the 112 men included in this study.

HIV+ PI+
n = 60

HIV + PI−
n = 35

Controls
n = 17 P-values

Age (years)a 41 ± 8 37 ± 7 33 ± 9 0.001

Body mass index (kg/m2)a 24 ± 4 22 ± 6 23 ± 4 0.706

Median lumbar spine BMD 0.9860 1.0690 1.0660 0.002

Median t-score −1.005 −0.382 −0.227 0.02

Median z-score −0.923 −0.382 0.145 0.04

% of subjects with osteopenia or osteoporosis according to WHO 50 23 29 0.02

% with severe osteoporosis (z-score < −2) 21 11 6 0.19

a
Values are mean + SD. HIV+ PI+, HIV-positive patients taking protease inhibitors; HIV+PI− HIV-positive patients not taking protease inhibitors;

control, healthy, uninfected subjects; BMD, bone mineral density; WHO, World Health Organization.
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