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Context: Low bone mineral density (BMD) is commonly reported in young men and women with
HIV infection, and fracture rates may be higher. With effective antiretroviral therapy (ART), the HIV
population is aging. However, little is known about the skeletal status of postmenopausal women.

Objective: We aimed to assess the effects of HIV infection and ART on BMD and bone turnover in
postmenopausal minority women.

Design, Setting, and Patients: A prospective cohort study was performed in 92 HIV� and 95 HIV�

postmenopausal Hispanic and African-American women.

Main Outcome Measures: We measured BMD by dual-energy x-ray absorptiometry, fracture prev-
alence, serum levels of inflammatory cytokines (TNF�, IL-6), bone turnover markers, calciotropic
hormones, and estrone.

Results: HIV� women were younger (56 � 1 vs. 60 � 1 yr; P � 0.01) and had lower BMI (28 � 1 vs.
30 � 1 kg/m2; P � 0.01) and estrone levels. Prevalence of T scores below �1.0 was greater in HIV�

women at the spine (78 vs. 64%; P � 0.05), total hip (45 vs. 29%; P � 0.05), and femoral neck (64
vs. 46%; P � 0.05), and Z scores adjusted for BMI were lower in HIV� women at the same sites. Serum
TNF�, N-telopeptide, and C-telopeptide were significantly higher in HIV� than HIV� women,
particularly those receiving ART. HIV� status was independently and negatively associated with
spine and hip BMD after adjustment for age, ethnicity, BMI, and alcohol.

Conclusion: The lower BMD, higher prevalence of low BMD, and higher levels of bone turnover
markers detected in HIV� postmenopausal minority women could place them at high risk for
future fractures. (J Clin Endocrinol Metab 95: 0000–0000, 2010)

Antiretroviral therapy (ART) has dramatically in-
creased life expectancy of HIV� individuals. By

2015, more than half of HIV� individuals in the United
States will be over age 50 (1). As these patients live longer,
they develop common diseases of aging, such as cardio-

vascular and renal disease and osteoporosis (2), possibly at
a younger age than the general population (3).

Low bone mineral density (BMD) has been reported in
many cross-sectional studies of younger HIV� individuals
(4–10), but relatively few studies of middle-aged and older

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2010 by The Endocrine Society
doi: 10.1210/jc.2009-0708 Received March 31, 2009. Accepted November 9, 2009.

Abbreviations: ART, Antiretroviral therapy; ART�, currently not receiving ART; ART�,
currently receiving ART; BAP, bone-specific alkaline phosphatase; BMD, bone mineral
density; BMI, body mass index; BTM, bone turnover marker; CTx, C-telopeptide; DXA,
dual-energy x-ray absorptiometry; FN, femoral neck; LS, lumbar spine; NNRTI, non-nucle-
oside reverse transcriptase inhibitor; NTx, N-telopeptide; OC, osteocalcin; 25-OHD, 25-
hydroxyvitamin D; PI, protease inhibitor; TH, total hip.

O R I G I N A L A R T I C L E

E n d o c r i n e C a r e

J Clin Endocrinol Metab, February 2010, 95(2):0000–0000 jcem.endojournals.org 1

 J Clin Endocrin Metab. First published ahead of print December 4, 2009 as doi:10.1210/jc.2009-0708

Copyright (C) 2009 by The Endocrine Society 



men and women (11–13). Lower BMD measurements are
strongly related to the generally lower body weight of
HIV� individuals (5, 14–16). In addition, some studies
suggest that HIV infection and ART affect the skeleton
directly. BMD declines by 2–6% within the first 2 yr of
initiating various ART regimens (17–19) but is relatively
stable in patients on established ART (16, 20). Of concern,
a recent study suggests that fractures occur more com-
monly in HIV� men and women, especially in older in-
dividuals (21).

Although numbers of HIV-infected postmenopausal
women are increasing and postmenopausal women are at
highest risk for osteoporotic fractures, few studies have
evaluated skeletal status in this group. Hypothesizing that
postmenopausal women might be particularly vulnerable
to any adverse effects of HIV infection or ART on the
skeleton, we initiated a longitudinal study to assess the
prevalence of osteoporosis/osteopenia, determinants and
etiology of low BMD, and rates of bone loss in HIV�
postmenopausal Hispanic and African-American women,
who constitute the majority of new infections in women in
theUnitedStates (22).Here,we summarize cross-sectional
analyses of the baseline visit of the study.

Subjects and Methods

Subjects
Between 2002 and 2007, we screened 108 HIV� and 110

HIV� postmenopausal women from Columbia University Med-
ical Center (CUMC) and Bronx-Lebanon Hospital Center
(BLHC) in New York City. HIV� controls were volunteers who
were attending the General Internal Medicine Clinics of CUMC.
They were recruited through their providers who were in-
formed about the study and asked to refer postmenopausal
women under their care. Our intention was to recruit HIV�
controls similar to HIV� subjects with regard to other chronic
medical illnesses and comorbidities that are highly prevalent in
our inner-city population of minority women. Eligible subjects
were over age 40, Hispanic or African-American, and postmeno-
pausal as defined by more than 1 yr of amenorrhea and FSH
above 30 mIU/ml, or FSH above 20 mIU/ml and estradiol below
30 pg/ml, or age above 55 regardless of FSH and estrogen.
Women were excluded with metabolic bone disease, multiple
myeloma, cancer, endocrinopathies, serum creatinine above 1.5
mg/dl, celiac or inflammatory bowel disease, current glucocor-
ticoid or anticonvulsant use, current hormone replacement ther-
apy, and current or past treatment of osteoporosis. Thirteen
HIV� and 18 HIV� women were ineligible; 95 HIV� and 92
HIV� women were enrolled. The first 40 HIV� women were
reported previously (23).

Medical, surgical, and reproductive history, osteoporosis risk
factors, current and past medication history, and HIV and ART
history were obtained by interview and chart review. For hys-
terectomized women, time since menopause was estimated as
years since onset of menopausal symptoms; if none, menopausal

age was set at 50. Control subjects met the same criteria; ELISA
testing verified HIV-negative status.

All subjects gave written informed consent. The Institutional
Review Boards of CUMC and BLHC approved the study.

BMD
BMD of the lumbar spine (LS; L1–L4), femoral neck (FN),

total hip (TH), non-dominant 1/3 radius, and body composition
were measured by dual-energy x-ray absorptiometry (DXA) on
a QDR 4500 bone densitometer (Hologic, Inc., Bedford, MA) at
CUMC. Short-term in vivo reproducibility is 0.68% for the LS,
1.36% for the TH, and 0.70% for the radius.

T scores, which compare subjects to young individuals of the
same sex and race, were derived from the National Health and
Nutrition Examination Survey (NHANES III). Osteoporosis and
osteopenia were defined by World Health Organization criteria
for postmenopausal Caucasian women: T scores of �2.5 or less
represent osteoporosis; T scores between �1.0 and �2.49 rep-
resent osteopenia (24). Z scores, comparing BMD to an age-,
sex-, and ethnicity-matched reference population, were also cal-
culated (12). Height and weight were measured by Harpenden
stadiometer and balance beam scale, respectively.

Fracture ascertainment
Spine radiographs were performed at CUMC according to the

Study of Osteoporotic Fractures protocol (25). The semiquan-
titative method, which uses visual inspection and characterizes
vertebrae as having no, mild, moderate, or severe deformity, was
employed to diagnose vertebral fractures. The validity of this
method compares favorably with morphometric assessment (25).

Dietary calcium
Dietary calcium intake was estimated by a dietary rapid as-

sessment questionnaire (26). Calcium supplementation was de-
termined separately.

Laboratory methods
Serum calcium was measured by autoanalyzer (normal, 8.4–

10.2 mg/dl) and albumin by colorimetry (Roche Diagnostics,
Indianapolis, IN) in CUMC Laboratories; albumin-adjusted cal-
cium levels are reported. Fasting morning serum, stored at �80
C, was batch-analyzed in research laboratories for: PTH (RIA;
Corning-Nichols Laboratory, San Clemente, CA); serum 25-
hydroxyvitamin D (25-OHD) (RIA; Diasorin, Stillwater,
MN); serum 1,25 dihydroxyvitamin D (RIA; Diasorin); estrone
(RIA; Diagnostic Systems Laboratories, Inc., Webster, TX);
bone-specific alkaline phosphatase (BAP) (ELISA; Quidel Corp.,
San Diego, CA); osteocalcin (OC) (RIA; Immutopics, San Clem-
ente, CA); and cross-linked N-telopeptide of type I bone collagen
(NTx) by competitive-inhibition ELISA (Inverness Medical,
Princeton, NJ). C-telopeptide of type 1 collagen (CTx) was mea-
sured in 146 subjects by sandwich ELISA (Serum Crosslaps; IDS
Ltd., Fountain Hills, AZ). IL-6 was measured by RIA (Diasorin).
TNF� was measured by ELISA (Quantikine; R&D Systems,
Minneapolis, MN).

CD4 counts were measured by flow cytometry (FACS Cali-
bur; Becton Dickinson, San Jose, CA). HIV-1 RNA was quan-
tified by PCR using the AMPLICOR HIV-1 MONITOR Ultra-
sensitive Test (version 1.5) with a linear range of 50–100,000
copies/milliliter (Roche Diagnostics).
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Statistical analysis
TheprimaryoutcomewasBMDatfoursitesbetweenHIV�and

HIV� groups without adjustment for testing multiple outcomes.
ComparisonsbetweenHIVtreatment subgroupswereexploratory.
Continuous variables were examined for normality with the Kol-
mogorov-Smirnov univariate normality test; none met criteria for
transformation (D-statistics P values �0.05). Between-group dif-
ferences in categorical measures were assessed with Fisher’s exact
test. Estimation of between-group differences in continuous mea-
sures and comparisons involving covariate adjustment used one-
way ANOVA and analyses of covariance, respectively.

Univariate associations of demographic, anthropometric, re-
productive, medical, and lifestyle variables with areal BMD at
each site were examined to identify variables associated with low
BMD. These variables entered a stepwise multiple regression (P
of 0.20 to enter and 0.05 to be retained in the model; SAS Proc
REG; SAS Institute, Cary, NC) and partial correlation coeffi-
cients were used to identify variables independently related to
BMD. Collinearity was assessed, and model-selected nonover-
lapping covariates were retained for inclusion in final inferential
models. Regression models with these covariates were then cre-
ated to assess the contribution of HIV status to the prediction of

TABLE 1. Characteristics of study population

HIV� HIV� P HIV�ART� HIV�ART� P
n 95 92 19 73
Demographic and anthropomorphic features

Age 59.6 � 0.7 55.9 � 0.7 �0.01 55.6 � 1.3 56.0 � 0.8 0.80
Race/ethnicity (%) 0.16 0.60

Hispanic 73 63 58 64
African-American 27 37 42 36

Weight (kg) 76.6 � 1.8 68.6 � 1.6 �0.01 74.9 � 4.7 67.0 � 1.6 0.13
Lowest adult weight (kg) 57.6 � 1.3 57.2 � 1.2 0.84 58.5 � 3.9 56.9 � 1.2 0.68
BMI (kg/m2) 30.4 � 0.7 27.6 � 0.6 �0.01 29.0 � 1.9 27.2 � 0.6 0.38
Body fat (%) 40.7 � 0.6 34.7 � 0.9 �0.0001 39.7 � 1.8 33.5 � 0.9 �0.01
Truncal fat (%) 40.9 � 0.7 35.4 � 0.9 �0.0001 38.3 � 1.6 34.6 � 1.0 0.09

Reproductive/gynecological history
Age at menarche (yr) 12.8 � 0.2 12.9 � 0.2 0.80 12.1 � 0.4 13.0 � 0.2 0.08
Premenopausal oligomenorrhea (%) 6 12 0.18 16 11 0.69
Years since menopause 12.1 � 0.8 9.8 � 1.2 0.11 7.8 � 1.4 10.2 � 1.5 0.24
TAH/BSO (%) 22 4 �0.001 11 3 0.19

Osteoporosis risk factors
FH of osteoporosis (%) 24 21 0.56 37 16 0.06
Current smoker (%) 19 29 0.10 21 32 0.57
Cigarette pack-years 7.2 � 1.6 9.8 � 1.8 0.27 10.4 � 3.1 9.6 � 2.1 0.86
Alcohol (�1 drink/day) (%) 3 12 0.03 26 8 0.046
Intravenous drug use (ever) (%) 6 14 0.09 21 12 0.46

Chronic medical conditions (%)
Hyperlipidemia 4 22 �0.001 21 22 1.00
Asthma 17 24 0.23 16 26 0.55
Hypertension 53 36 0.02 37 36 1.00
Cardiovascular disease 4 8 0.32 11 7 0.63
Type 2 diabetes 24 23 0.82 16 25 0.55
Hepatitis C seropositive 6 22 �0.01 37 18 0.11

Medications (%)
Levothyroxine 4 2 0.68 0 3 1.00
Oral hypoglycemics 24 18 0.34 16 19 1.00
Insulin 8 8 0.84 11 7 0.63
Statins 38 14 �0.001 16 14 0.73
Steroids (ever) 7 16 0.07 5 19 0.18
Calcium supplements 38 23 0.02 32 21 0.36
Multivitamins 33 51 0.01 47 52 0.72

HIV and ART characteristics
Years since HIV diagnosis 8.5 � 0.4 8.8 � 1.0 8.5 � 0.5 0.73
AIDS criteria (ever) (%) 53 37 58 0.12
CD4 at baseline (cells/mm3) 493 � 31 456 � 71 503 � 34 0.53
CD4 nadir (cells/mm3) 213 � 21 337 � 77 182 � 15 0.07
HIV-1 RNA (log10 copies/ml) 2.38 � 0.10 3.48 � 0.23 2.08 � 0.08 �0.0001
Current ART (%) 79 NA 100
Current NNRTI-based ART (%) 28 NA 36
Current PI-based ART (%) 39 NA 49
Current NRTI-only ART (%) 9 NA 11
Current PI and NNRTI (%) 3 NA 4

Data are presented as mean � SEM. FH, Family history; TAH/BSO, total abdominal hysterectomy with bilateral salpingo-oophorectomy; NRTI,
nucleoside reverse transcriptase inhibitor.
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BMD over and above that accounted for by known risk factors
for low BMD. Subsequently, bone turnover markers (BTMs) and
cytokine levels were forced into the regression model to examine
their role as modifiers of the association of HIV status with
BMD. Serum CTx and estrone were not entered into the multi-
variate model because results were available for 73 and 85% of
the study participants, respectively.

With the sample size of 95 HIV� and 92 HIV� women, the
study had 80% power and 5% two-tailed � level to detect a 0.42
standardized difference between groups. Data are presented as
means � SE values unless otherwise noted. P values of �0.05
were considered significant.

Results

Characteristics of the study population
HIV� women were approximately 4 yr younger,

weighed less, and had lower body mass index (BMI) than
HIV� women (Table 1). HIV� women were similar with
respect to years since menopause; were less likely to have
had surgical menopause, hypertension, hyperlipidemia,
and to take statins and calcium supplements; and were
more likely to be hepatitis C seropositive and to take mul-
tivitamins. HIV� women on ART (HIV�ART�) had com-
parableBMItowomencurrentlynotonART(HIV�ART�)
but had lower body fat, were less likely to consume alco-
hol, and had lower HIV-1 RNA levels.

Among HIV�ART� women, 11 of 19 (58%) were
ART-naïve, and eight had previous antiretroviral expo-
sure. Most women on ART were receiving protease in-

hibitor (PI)-based regimens either with (22 of 36) or with-
out (14 of 36) ritonavir boosting. Mean duration of PI
exposure did not differ between ritonavir-boosted and un-
boosted groups (3.3 � 0.7 vs. 4.8 � 0.7 yr, respectively;
P � 0.15). Twenty percent of HIV�ART� women had
tenofovir exposure with mean duration of 1.2 � 0.2 yr.

BMD
Unadjusted BMD (grams per square centimeter) was

5.9% lower in HIV� compared with the HIV� women at
the TH (Table 2), but did not differ significantly at the
spine, FN, or forearm. We performed analysis of covari-
ance to address HIV group differences in age, race/ethnic-
ity, and BMI, important predictors of BMD. After adjust-
ment for these parameters, BMD became lower (by 4.5%)
in HIV� women at the LS, and there was a trend toward
lower BMD (by 3–4%) at the non-dominant 1/3 radius
and TH (Fig. 1A).

Mean T scores were 0.4 SD lower in HIV� women (Fig.
1B) at the LS and TH. In both HIV� and HIV� groups,
T scores were lowest at the spine, where they were in the
osteopenic range. The prevalence of T scores below �1.0
was significantly higher in HIV� women (Fig. 1C): 78 vs.
64% at the LS, 45 vs. 29% at the TH, and 64 vs. 46% at
the FN. Prevalence of osteoporosis, however, did not dif-
fer between HIV� and HIV� groups.

We also evaluated Z scores, which compare BMD to
age- and race/ethnicity-matched normal populations, af-
ter adjustment for the lower BMI in HIV� women. Ad-

TABLE 2. Unadjusted absolute BMD and biochemistries

HIV� HIV� P HIV�ART� HIV�ART� P
n 95 92 19 73
BMD (g/cm2)

LS 0.923 � 0.016 0.887 � 0.014 0.09 0.914 � 0.041 0.880 � 0.014 0.44
TH 0.914 � 0.014 0.863 � 0.015 0.01 0.860 � 0.041 0.864 � 0.015 0.92
FN 0.780 � 0.015 0.748 � 0.014 0.12 0.761 � 0.046 0.744 � 0.013 0.73
Radius (1/3) 0.665 � 0.009 0.661 � 0.009 0.78 0.668 � 0.022 0.659 � 0.010 0.70

Gonadal and calciotropic
hormones

Estrone (pg/ml) 29.6 � 1.4 24.0 � 1.2 �0.01 24.5 � 2.7 23.9 � 1.4 0.84
FSH (mIU/ml) 67.4 � 3.1 64.1 � 2.7 0.43 56.9 � 6.6 66.0 � 3.0 0.17
Calcium (mg/dl)a 9.09 � 0.03 9.11 � 0.05 0.73 9.13 � 0.10 9.10 � 0.05 0.80
PTH (pg/ml) 42.9 � 2.0 36.4 � 1.6 0.01 41.3 � 4.2 35.1 � 1.7 0.12
25-OHD (ng/ml) 22.8 � 1.3 25.0 � 2.1 0.35 25.9 � 5.3 24.8 � 2.2 0.82
1,25-dihydroxyvitamin D (pg/ml) 41.8 � 1.6 41.9 � 1.8 0.99 44.1 � 4.8 41.2 � 1.9 0.51

BTMs
OC (ng/ml) 6.0 � 0.2 6.8 � 0.3 0.06 5.0 � 0.6 7.2 � 0.4 �0.01
BAP (U/liter) 31.7 � 1.3 34.8 � 1.7 0.16 28.7 � 2.4 36.4 � 2.0 0.02
NTx (nmol/BCE/liter) 16.6 � 0.6 19.4 � 1.0 0.02 16.6 � 1.5 20.1 � 1.2 0.15
CTx (ng/ml) 0.46 � 0.02 0.65 � 0.05 �0.001 0.38 � 0.06 0.72 � 0.06 �0.01

Proresorptive cytokines
IL-6 (pg/ml) 2.4 � 0.3 2.5 � 0.3 0.81 3.9 � 1.2 2.1 � 0.3 0.16
TNF-� (pg/ml) 30.5 � 1.6 43.1 � 2.9 �0.001 40.1 � 4.3 44.0 � 3.5 0.57

Data are expressed as mean � SEM.
a Calcium corrected for albumin level.
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justed Z scores were within the expected range for age
(�2.0 to �2.0) in both groups but were significantly lower
in HIV� women at the spine (�0.56 � 0.1 vs. �0.01 �
0.1; P � 0.05), TH (�0.10 � 0.1 vs. �0.31 � 0.1; P �
0.01), and FN (�0.17 � 0.1 vs. �0.14 � 0.1; P � 0.05),
but not the forearm (Fig. 1D). Z scores were similarly
lower in HIV� than HIV� Hispanics and in HIV� than
HIV� African-Americans (data not shown).

Despite higher BTMs in HIV�ART�
women, BMD (Table 2) and T and Z
scores (data not shown) did not differ at
any site in HIV� women by ART status.
Similarly, in HIV�ART� women,
there were no differences in BMD in
those on non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs) or PIs.
However, statistical power was low for
these analyses.

Fractures
The proportion of women with a his-

tory of fracture did not differ between
HIV� and HIV� women at the spine (0
vs. 1%), hip (1 vs. 0%), or forearm (3
vs. 3%). However, HIV� women re-
ported more fractures at other sites
(ribs, ankles, shoulders, pelvis; 7 vs.
0%; P � 0.05). Radiographs revealed
mild thoracic vertebral fractures in
4.1% of HIV� and 6.5% of HIV�
women (P � 0.72), with one severe frac-
ture per group.

Calciotropic and gonadal
hormones

Serumcalcium,25-OHD,and1,25di-
hydroxyvitamin D levels were similar,
whereas PTH was lower in HIV�
women (Table 2). The majority of HIV�
and HIV� women had suboptimal se-
rum 25-OHD (�32 ng/ml; 74 vs. 81%;
P � 0.24). Prevalence of severe vitamin D
deficiency(�10ng/ml)wasalsosimilar in
HIV� and HIV� groups (15 vs. 13%;
P � 0.61). Serum 25-OHD and PTH cor-
related inversely (r � �0.30; P � 0.01) in
both HIV� and HIV� groups; neither
correlated with BMD.

Serum estrone was lower in HIV�
than HIV� women. In HIV� women,
estrone was positively associated with
BMD at the TH, FN, and forearm (r �
0.21 to 0.25; P � 0.05), but not with

BTMs. In contrast, estrone was not associated with BMD
or BTMs in HIV� women. Estrone levels did not correlate
with BMI or percentage fat and did not differ by ART
status.

BTMs and cytokines
Formation markers, BAP, and OC were slightly but not

significantly higher in HIV� women (Table 2 and Fig. 2).
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Resorption markers, NTx and CTx, were significantly
higher in HIV� women. Serum BAP, OC, and CTx were
significantly higher in HIV�ART� than HIV�ART�
women. Serum TNF� was higher in HIV� than HIV�
women, whereas IL-6 levels were similar. OC and CTx
differences by ART status remained significant after ad-
justing for CD4 count or cytokine levels or weight.

Bone formation and resorption markers correlated
moderately in HIV� women (r � 0.36 to 0.56; P � 0.001)
and HIV� women on ART (r � 0.56 to 0.69; P � 0.001)
(Fig. 3). In contrast, formation and resorption markers
were not correlated in HIV�ART� women, suggesting
uncoupling of remodeling.

There was a negative correlation between TNF� and
NTx (r � �0.29; P � 0.01) in HIV� women and a pos-
itive, although nonsignificant, correlation between TNF�

and NTx (r � 0.22; P � 0.06) in HIV� women. Of note,
the between-group difference for the correlation of TNF�

with NTx was significant (P � 0.05).
The most consistent association between BTMs and

BMD was with OC, which correlated negatively with
BMD at all sites (r � �0.21 to �0.29; P � 0.01).

Determinants of BMD
We used regression analysis to assess whether HIV sta-

tus was an independent predictor of BMD after adjust-
ment for between-group differences. Younger age, higher
BMI, and African-American race were associated with
higher BMD at all sites (Table 3). Alcohol use was asso-
ciated with higher TH BMD, and higher BTMs were as-
sociated with lower BMD at various sites. Estrone and
years since menopause were not independent predictors of

FIG. 2. BTM levels in HIV� women (open) and HIV� women (shaded) by current status of ART. Background shaded areas represent the range of
normal serum levels of BAP, OC, NTx, and CTx in premenopausal women.

FIG. 3. Regression of OC by CTx levels in HIV� women and HIV� women by current ART status. Background shaded areas represent the range of
normal serum levels of OC and CTx in premenopausal women.
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BMD.Whenaddedtomodelscontainingage,BMI,race,and
alcohol use, HIV status remained an independent predictor
of BMD at the spine and TH with a trend at the forearm.

Addition of BTMs to the model attenuated the effect of
HIV status, suggesting that the effects of HIV on BMD are
mediated at least in part by higher bone turnover (Table 3).
TNF� and IL-6 levels were not independent predictors of
BMD at any site in the multivariate models; however, addi-
tionof eithervariablealsoattenuated theeffectofHIVonthe
model, suggesting that the effects of HIV on BMD could be
mediated in part by elevated proresorptive cytokines.

Among HIV� women, age, BMI, alcohol use, and BTMs
correlated with BMD at various sites, whereas CD4 count,
HIV-1 plasma RNA levels, AIDS criteria, duration of ART,
or class of ART did not. Negative correlations between cu-
mulative exposure to ritonavir-boosted PI regimens and TH
BMD (r � �0.20; P � 0.067) approached statistical signif-
icance after adjustment for age, BMI, and ethnicity. In mul-
tivariate analyses, no specific ART regimen significantly pre-
dicted BMD after inclusion of traditional covariates.

Discussion

Despite their younger age, HIV� postmenopausal minor-
ity women had lower unadjusted BMD than HIV�
women at the TH, and after adjustment for group differ-
ences in age, race/ethnicity, and BMI, HIV� women had
lower BMD at both the spine and hip. The prevalence of
low spine and hip BMD was higher, and HIV status re-
mained an independent predictor of spine and hip BMD in
multivariate models. Bone turnover was higher in HIV�
than HIV� women and independently associated with
lower BMD. Among HIV� women, high BTMs were
found mainly in those on ART. Factors traditionally as-
sociated with BMD (age, BMI, race/ethnicity, alcohol use)
predicted BMD in HIV� women, whereas HIV- and ART-
specific factors did not. Spine, hip, and forearm fractures
did not differ between HIV� and HIV� women. Al-
though HIV� women did report more fractures of other
sites, this observation must be interpreted with caution
given the small size of the study.

The BMD differences are generally consistent, al-
though perhaps slightly higher than other studies of older
HIV� subjects. The 5.9% unadjusted difference in TH
BMD between our HIV� and HIV� postmenopausal
women is slightly greater than the 3% difference between
HIV� and HIV� men of median age 55 reported else-
where (11). Similarly, prevalenceofLSTscorebelow�1.0
may be higher in our subjects (78%) than HIV� men and
women (67%; median age, 61) (13), possibly because
there were relatively fewer African-Americans in our
study. The differences in BMD we observed between

HIV� and HIV� postmenopausal women were larger
than reported by Arnsten et al. (12) in middle-aged, pre-
dominantly premenopausal women (mean age, 44 yr;
BMD, 2.4 to 3.8% lower) and comparable to those re-
ported by Dolan et al. (5) (mean age, 41 yr; BMD, 4.0 to
5.6% lower). Although Dolan et al. (5) reported that 48%
had low BMD at all sites combined, Arnsten et al. (12)
reported low spine BMD in only 21% and low FN BMD
in 12% of younger HIV� women. The higher prevalence
of low BMD in our subjects may reflect older age and
postmenopausal status. In addition, T scores reported by
Arnsten et al. were based upon Caucasian women,
whereas those reported by Dolan et al. and us were race/
ethnicity specific (27).

Another goal of our study was to investigate the patho-
genesis of low BMD. Lower body weight is a powerful
determinant of BMD. In a recent meta-analysis, Bolland et
al. (14) argue that differences in BMD between HIV� and
HIV� are largely related to lower body weight of HIV�

subjects and are clinically insignificant (2.2–2.8%) after
adjustment for group differences in weight. In our study,
spine BMD remained 4.5% lower in HIV� than HIV�

women after adjusting for age, race/ethnicity, and BMI. In
multivariate models, HIV positivity accounted for 2% of
the 28% variance at the spine and 2% of the 35% variance
at the TH, which is similar in magnitude to the 3% con-
tribution to both models from age. Thus, our data suggest
that whereas the effects of HIV or ART on BMD are mod-
est, they are in part independent of weight. Importantly,
low body weight is a powerful risk factor for osteoporotic
fracture. Thus, the fact that BMD is lower in HIV� indi-
viduals is of clinical relevance, whether or not the mech-
anism by which it is lower is attributable directly to HIV
or is mediated indirectly by effects of HIV on weight or
otherparameters.Thatbeing said, it is noteworthy that the
BMI of the HIV� group was in the overweight range
(�25–30 kg/m2), whereas BMI of the HIV� women was
in the obese range (�30 kg/m2). Thus, it is possible that a
contributing factor to our findings is that the control
group had “high” bone density related to obesity rather
than the HIV group having low bone density.

Several biochemical differences may contribute to
lower BMD in our HIV� subjects. In postmenopausal
women, estrone, the major circulating estrogen, is directly
associated with weight and BMD (28). The etiology for
lower estrone levels in HIV� women is unclear; we de-
tected no relationship with weight, BMI, or total body or
truncal fat. In addition, we did not observe the expected
direct associations between estrone and BMD and inverse
associations between estrone and BTMs found in HIV�

women. However, lower estrone may still place these
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women at risk for more rapid bone loss than observed in
premenopausal HIV� women (20).

In older studies of untreated HIV� subjects with ad-
vanced disease, resorption markers were elevated and OC
levels suppressed, suggesting that normally tightly regu-
lated processes of formation and resorption were “uncou-
pled” (29). After ART initiation, markers of bone forma-
tion and resorption become correlated (29), although
resorption markers are typically elevated (7, 30, 31). Our
cross-sectional results are generally consistent with these
data. Serum CTx, BAP, and OC were all higher in
HIV�ART� than HIV�ART� women, in whom BTM
levels resembled HIV� women. Formation and resorption
markers were correlated in HIV� and HIV�ART�

women, but not in HIV�ART� women, suggesting that
bone remodeling is elevated but coupled in HIV� women
on ART and uncoupled in untreated HIV� women. Al-
though this could be related to immunological or nutri-
tional differences between ART� and ART� groups (20),
BTMs remained elevated in the ART� group after adjust-
ment for current CD4 count, cytokine levels, or BMI.

In the multivariate model, addition of BTMs attenuated
the effect of HIV on BMD in a model that included age,
ethnicity, BMI, and alcohol use. This observation suggests
that the association between HIV and low BMD is medi-
ated by increased bone turnover. Whether or not increased
levels of proresorptive cytokines contribute to increased
bone turnover is less clear. TNF� was higher in HIV� than
HIV� women, although IL-6 did not differ. In HIV�

women, there was a positive correlation between TNF�

levels and NTx, whereas in HIV� women, the correlation
was negative. Although cytokine levels were not signifi-
cant predictors of BMD in the multivariate model, the
addition of cytokine levels to the model attenuated the
association between HIV and BMD. Although serum
cytokine levels may not reflect those within the bone mi-
croenvironment, higher TNF� concentrations in HIV�

women and their differential association with BTMs sug-
gests that HIV infection affects BMD through TNF�-me-
diated effects on osteoclastic bone resorption.

The strengths of this study include its focus on post-
menopausal women, a population at high risk of bone loss
and fractures; on minority women, a rapidly growing seg-
ment of the HIV� population; and on enrollment of a
clinic-based control population. Recruitment of a com-
pletely healthy control group could have biased our results
toward finding larger BMD differences between HIV�

and HIV� women because completely healthy women
might be expected to have higher BMD. To our knowl-
edge, this is the only study of older HIV� individuals to
include radiographic assessment of vertebral fractures and

measures of estrone, calciotropic hormones, BTMs, and
proresorptive cytokines.

Study limitations include the significantly lower age of
the HIV� group; however, this difference would bias the
results toward finding a higher rather than a lower BMD
in the HIV� group. Other limitations include the rela-
tively modest sample size, large enough to permit group
comparisons between HIV� and HIV� women, but small
for detailed explorations of determinants among HIV�
women, especially with regard to specific ART regimens.
This is of importance because in vitro data suggest that
antiretrovirals may have differential effects on osteoclasts
and osteoblasts (32–34) that are not consistent across
class. These cross-sectional baseline analyses preclude as-
sessments of causal relationships between HIV status,
ART exposure, bone turnover, cytokine levels, and BMD.
Additionally, we did not include computed tomography
imaging to measure visceral adipose tissue.

In conclusion, low BMD was more common in post-
menopausal HIV� than HIV� minority women. HIV in-
fection was independently associated with lower BMD
after adjusting for BMI and traditional osteoporosis risk
factors. BTMs and TNF� were higher in HIV�ART�
women, and multivariate modeling suggested that they
may mediate the effect of HIV on BMD. Completion of the
ongoing longitudinal study should permit assessment of
whether increased bone turnover associated with ART
translates intoacceleratedbone loss and increased fracture
rates in aging postmenopausal women.
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