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Abstract
Objective—To understand how regional body composition affects bone mineral density (BMD)
in HIV-infected and uninfected women.

Methods—Dual energy X-ray absorptiometry was used to measure regional lean and fat mass
and BMD at lumbar spine (LS), total hip (TH), and femoral neck (FN) in 318 HIV-infected and
122 HIV-uninfected Women's Interagency HIV Study participants at baseline and 2 and 5 years
later. Total lean and fat mass were measured using bioimpedance analysis. Multivariate marginal
linear regression models assessed the association of HIV status and body composition on BMD
change.

Results—Compared to HIV-uninfected women, HIV-infected women were older (44 vs. 37 yrs),
more likely to be HCV-infected (32% vs. 14%), and post-menopausal (26% vs. 3%), and had
lower baseline total fat mass, trunk fat and leg fat. In multivariate models, increased total lean
mass was independently associated with increased BMD at LS, TH and FN and total fat mass was
associated with increased BMD at TH and FN (all p<0.05). When total fat was replaced in
multivariate models with trunk fat and leg fat, increased trunk fat (and not leg fat) was associated
with increased TH and FN BMD (p<0.001).

Conclusions—Total fat and lean mass are strong, independent predictors of TH and FN BMD,
and lean mass was associated with greater LS BMD. Regardless of HIV status, greater trunk fat
(and not leg fat) was associated with increased TH and FN BMD, suggesting that weight bearing
fat may be a more important predictor of BMD in the hip.
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Introduction
Long-term consequences of HIV infection and its treatment, particularly disturbances of
bone metabolism, are emerging concerns given the growing numbers of older adults living
with HIV. We previously demonstrated that HIV infection was associated with lower bone
mineral density (BMD) in predominantly premenopausal women and there was little
difference in the rate of decline in HIV-infected compared to HIV-uninfected women.1,2

Changes in body composition may be a strong component of bone health, particularly
among HIV-infected patients, who frequently develop a fat redistribution syndrome. We
reported that HIV-infected women were at greater risk of peripheral lipoatrophy than HIV-
uninfected women.3 By contrast, HIV-infected women had a similar risk of central
lipohypertrophy. How these regional changes in fat may affect bone metabolism is unknown
in this population at increasing risk for osteoporosis and possibly fracture. We undertook
this study to examine how body composition changes including lean mass and regional body
fat affect BMD in HIV-infected and HIV-uninfected women.

Methods
Study Population

The Women's Interagency HIV Study (WIHS) is an ongoing, multicenter observational
study of HIV infection in women. A total of 3,766 women (2,791 HIV-infected and 975
HIV-uninfected) were enrolled in 1994–95 (n=2,623) or 2001–02 (n=1,143) from six sites
(Bronx/Manhattan, Brooklyn, Chicago, Los Angeles, San Francisco and Washington DC).
WIHS methods and baseline cohort characteristics have been described previously.4,5 At
each semi-annual visit, participants completed a physical examination and provided
biological specimens and information on demographics, disease characteristics, and
antiretroviral therapy (ART) use. Starting from April 2001, 440 WIHS women enrolled in
the Metabolic Substudy of the WIHS from three sites (San Francisco, Bronx and Chicago)
underwent dual X-ray absorptiometry (DXA) scanning for BMD and fat distribution at
baseline and at follow up visits 2 and 5 years later. Eligibility criteria included women age
≤65 years old, weight <264 pounds (119.7 kg), height less < 6'1" (1.85 m), who were not
pregnant or breast feeding in the past six months. Exclusion criteria included type I diabetes,
use of corticosteroids, use of exogenous hormones including growth hormone and hormonal
contraceptives in the past 12 months, and drugs used to treat osteoporosis. Informed consent
was obtained in accordance with procedures approved by the committees on human research
at each of the collaborating institutions.

Body Composition and bone mineral density assessment
Regional fat mass in the trunk and leg and bone mineral density (BMD) of the lumbar spine
(LS), total hip (TH), and femoral neck (FN) were measured by DXA scans (GE/Lunar
Prodigy, Madison, WI, USA) at the index visit and subsequent 2-year follow-up visit, and 5
year follow-up visit. Established instrument calibration and quality control procedures were
used for accurate comparisons of BMD data between subjects measured at different times.
The visit when the first DXA scan was performed was referred to as the index visit. Body
composition at index visit and subsequent visits included trunk fat and leg fat which were
measured in kilograms by DXA. Fat free mass (FFM), total body fat (TBF), and percent
body fat (PBF) were calculated based on height, weight, resistance and reactance which
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were measured by bioimpedance analysis (BIA) (RJL Systems, Inc, Detroit, MI, USA).6,7

There were no technology changes in DXA or BIA used during the study period.

Statistical Analysis
The primary outcome of interest was BMD measured at the LS, TH and FN at the index visit
and 2 year and 5 year follow-up visits. Exposures of interest included: (1) HIV status at
index visit. HIV infection was defined as a positive HIV EIA confirmed by Western Blot.
(2) Body composition measurements at index visit and subsequent visits, which included
trunk fat, leg fat, FFM, TBF, and PBF. Covariates included: (1) Demographics including age
and ethnicity (African American, Hispanic, Caucasian, and other) (2) Hepatitis C virus
(HCV) infection which was defined as positive HCV antibody and positive HCV RNA at
baseline enrollment; (3) Serum free testosterone level (ng/dL) at index visit;(4) Menopause
status at index visit and subsequent visit, which was defined by self-reported menopause at 2
consecutive visits for women aged >=45 years old; (5) Behavioral factors: Self-reported
cigarette smoking status which was defined by three categories: never smoked, current
smoking and ever smoked; The amount of smoking (pack/day) for current smokers at each
visit; Self-reported alcohol use status which was defined by four categories: abstainer, light
(<3 drinks/week), moderate (3–13 drinks/week) and heavy(>=14 drinks/week); The amount
of current alcohol use(drinks/week) at each visit; self-reported ever opiate use (including
methadone) before index visit, self-reported opiate use at each visit and the duration of
opiate use from enrollment to the index visit; (6) Use of calcium, vitamin D supplement or
multi-vitamin at index visit. In the analysis limited to HIV-infected women, the following
HIV-related factors were also included in the model: self-reported time since HIV infection
diagnosis, self-reported AIDS status at index and subsequent visit; plasma HIV-RNA viral
load and CD4 cell count at index and subsequent visit, and nadir CD4 count which was
defined as the lowest CD4 count available prior to index visit; antiretroviral therapy (ART)
use and highly active antiretroviral therapy (HAART) use at index and subsequent visit, and
cumulative exposure to HAART, type of HAART regimen, and tenofovir (in months) prior
to index visit; the type of HAART was categorized as Protease inhibitor (PI)-based HAART,
Non-nucleoside reverse transcriptase inhibitor (NNRTI)-based HAART and other (including
HAART regimens which included neither PI or NNRTI or both PI and NNRTI.)

The basic characteristics of HIV-infected and HIV-uninfected women were compared at the
index visit. Binary and categorical characteristics in HIV-infected and HIV-uninfected
women were compared by chi-squared tests; continuous covariates were compared by 2-
sample t test if they were normally distributed, or by Wilcoxon rank sum test if they were
not normally distributed. Age-standardized BMD of LS, TH and FN were compared
between HIV-infected and HIV-uninfected women and across three measured times.
Marginal linear regression models that account for within-person correlation in repeated
measurements were applied to assess the effect of body components and HIV status on
BMD of LS, TH and FN over three DXA scans, by adding (adjusting for) each of the
following potential confounders into the model individually: demographic covariates
including age at index visit, race/ethnicity, study center and enrollment cohort; behavioral
factors including cigarette use, alcohol use, opiate use and vitamin D, calcium or
multivitamin use; and other factors such as menopause status at visit, serum testosterone at
index visit, HCV infection at enrollment. The following potential confounders were
evaluated in two separate models as time- fixed (at index visit) and time-updated covariates
(lagged by 1 visit), respectively: smoking status, amount of smoking among current
smokers, alcohol use, amount of alcohol use, opiate use, serum CD4 cell count and HIV
viral load, ART use and HAART use. In the multivariate model, all continuous covariates
were centered at the mean or median of HIV-uninfected women; CD4 cell count, CD4 nadir
and HIV viral load (in log scale) were centered at the median in HIV- infected women. The
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interactions between years since index visit and HIV status, body components, age at index
visit were assessed individually, and the significant interactions were included in the model.
Subgroup analysis were performed among HIV- infected women and HAART users to
assess the association between BMDs and HAART use, type of HAART regimen, tenofovir
use, CD4 nadir, CD4 cell count, and plasma HIV RNA level. All analyses were performed
using SAS Version 9.2 (SAS Institute, Cary, North Carolina, USA).

Results
By September 30, 2009, 440 women (318 HIV+, 122 HIV−) had completed up to three
DXA scans with 947 person-visits. Median time between two adjacent scans was 2.6 years
(2.0 years between 1st and 2nd scans and 3.4 years between 2nd and 3rd scans, respectively).
Participant characteristics are shown in Table 1. Compared with HIV-uninfected women,
HIV-infected women were older (44 vs. 37 yrs), more likely to be HCV-infected (32% vs.
14%) and post-menopausal (26% vs.3%). HIV-infected women also had lower BMI, and
lower trunk, leg and total body fat than HIV-uninfected women (Table 1). Rate of decline in
BMD for HIV-infected and HIV-uninfected women is shown in Figure 1. After adjustment
for demographic and clinical factors, HIV-infection was associated with decreased BMD at
all 3 sites. There was little difference in absolute changes over time for trunk fat, leg fat,
FFM, TBF, and PBF between HIV-uninfected and HIV-infected women (Figure 2). Body
composition measures were stable or increasing over time both HIV-infected and HIV-
uninfected women (Figure 2).

Body composition and BMD in HIV-infected and uninfected women
We found that greater total FFM (or lean mass) was independently associated with increased
LS, TH, and FN BMD; greater TBF was independently associated with increased TH and
FN BMD (Table 2). Their inclusion in the model did not significantly alter the relationship
of HIV infection with decreased BMD (based on the intermediate model results). In addition
to HIV infection and body composition factors, being post-menopausal and HCV-infected
was associated with decreased BMD at all 3 sites. Older age was associated with a
significantly decreased TH BMD; there was a significant HIV by age interaction for FN
BMD. Hispanic race was significantly associated with decreased LS BMD. Greater
testosterone level was associated with greater BMD at all 3 sites and heavy alcohol use was
significantly associated with greater FN BMD.

We next examined the association of regional fat with BMD by replacing total fat with trunk
fat and leg fat (the sites most commonly affected by HIV infection) in the model (Table 3).
We found that greater trunk fat was associated with increased TH and FN BMD. We did not
find an association of leg fat with BMD at any site. There was little change in the inferences
for all other demographic and clinic factors when total fat was replaced with trunk and leg
fat. In analyses limited to HIV-infected women only, all inferences remained similar to those
in the pooled cohort with the exception that older age was significantly associated with
decreased BMD at all 3 sites (data not shown). Among the HIV-related factors, we found
that greater log HIV RNA was associated with greater BMD at all 3 sites, (LS β=0.0028, p=
0.03; TH β 0.0033, p=0.02; FN β= 0.0032 p=0.009.) We also found a significant association
between cumulative NNRTI use and increased BMD at the TH (β=0.0015, p= 0.004) and
FN (β=0.0010, p= 0.035), but not the LS (β 0.0011, p=0.093). We did not find an
association between recent or nadir CD4 count, or cumulative use of tenofovir, PI- based
HAART, other HAART (including HAART regimens which included neither PI or NNRTI
or both PI and NNRTI), or any HAART with BMD at any site.
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Discussion
Using a large longitudinal cohort of BMD in HIV-infected and uninfected women, we found
that HIV-infected women had decreased BMD over the 5-year period compared to HIV-
uninfected women. As expected, greater total fat and greater lean mass were associated with
increased BMD. It is noteworthy that regardless of HIV status, greater trunk fat was
associated with greater FN and TH BMD and there was little association of leg fat with
BMD. These findings suggest that weight-bearing trunk fat is an important predictor of
increased BMD in our cohort of predominantly African American women. While HIV
infection affects subcutaneous fat and particularly loss of fat in the leg, these alterations
appear to have little impact on BMD.

In the general population, several studies have found that bone mass is positively associated
with body weight. One possible reason for this includes increased mechanical loading on the
skeleton with higher body weight. Fat mass is also thought to secrete bone-active hormones
from the pancreatic β-cell, and secretion of bone-active factors from adipocytes (adipokines)
such as leptin and adiponectin.8 There is debate as to whether lean body mass or fat mass
most determines BMD. Some studies have found that fat mass is either not associated with,
or is negatively associated with bone mass.9–13 We found not only an association of total fat
with increased BMD, but also that increased trunk fat (and not leg fat) was associated with
increased BMD. These findings are consistent with the hypothesis that increased weight
bearing (from excess fat in the trunk) leads to an increase weight load in the lower limbs and
thus increased BMD in the hip and femoral neck.

Because fat tissue is metabolically active, its effect on the skeleton may be influenced not
only by weight-bearing effects but also by other non-weight bearing effects, including the
hormonal metabolism of adipocytes. Adipokine levels may differ according to fat depot and
mediate the relationship between regional distribution and BMD. Most studies have assessed
only total fat mass, but the pattern of fat distribution in the subcutaneous and visceral
compartments may also be an important predictor of disease risk. Gilsanz et al reported that
visceral and subcutaneous fat had opposite effects on femoral bone structure and strength
among healthy young women, and suggested that while subcutaneous fat may be beneficial
to bone, visceral fat serves as a unique pathogenic fat depot.14 Adiponectin, which is
thought to be protective against bone loss, may have a lower level of expression in visceral
than subcutaneous fat,15 and leptin, levels of which generally relate to the amount of total
adiposity, may also have lower levels in visceral than subcutaneous tissue.16,17 While our
women had a median waist circumference greater than 88 cm, which has been used as a
criteria for visceral obesity, it is unclear whether subcutaneous adipose tissue in the
abdomen or visceral adipose tissue was a greater contributor to this measure. African
American women have been shown to have greater amounts of subcutaneous fat and lower
amounts of visceral fat than Caucasian women.18 This could explain why we found that
greater trunk fat was associated with greater BMD in our population; adiponectin levels may
not have been significantly affected if the increase was predominantly in abdominal
subcutaneous fat.

The lack of an association between leg fat and BMD was somewhat surprising particularly
in HIV. Reduced leg fat is thought to be associated with decreased BMD, and perhaps
related to bone marrow fat levels. Both osteoblasts and adipocytes are derived from
mesenchymal cells and thus share a common embryonic progenitor.19 Increased
intravertebral bone marrow fat measured by magnetic resonance spectroscopy has been
associated with osteopenia and osteoporosis in elderly women, as well as bone weakening,
and increased risk of vertebral compression fracture in older women with osteopenia.20−22 It
has been suggested that bone loss with aging results from preferential differentiation into the
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adipocyte lineage, such that the increased number of adipocytes occurs at the expense of the
production of osteoblasts, resulting in osteoporosis.23–25 Few studies have investigated
marrow fat in HIV-infected persons, and results have varied.26,27 The subjects in our study
were predominantly overweight and obese racial and ethnic minority women, which might
explain why we did not find an association between leg fat and BMD. HIV-infected women
in our analyses had a median BMI of 27 kg/m2 and median leg fat of 8.7 kg, which contrasts
sharply from HIV-infected lipoatrophic men described in the studies of marrow adiposity
and BMD. The association of regional body fat and its potential mediators with BMD is
complex and needs study, including whether the relationship between adiposity and BMD is
similar in overweight or obese adults compared with those who are lean or normal weight.

Unexpectedly, we found an association of greater HIV RNA with increased BMD among
HIV-infected women, and additionally we found that NNRTI use was associated with an
increase in BMD over time. Prior studies in HIV-infected adults have shown a 2–6% decline
in BMD upon initiation of HAART in antiretroviral naïve patients in the first year of
therapy.28–32 However BMD generally appears stable in chronically HIV-infected
individuals maintained on established HAART.2, 33–36 Based upon this existing literature,
we would have expected to find either an inverse association, or perhaps a lack of
association between HIV RNA and BMD, rather than the positive association which we
observed at each of the three sites, LS, TH and FN. In the SMART study, an unfavorable
effect of continuous ART on BMD was reported- such that BMD steadily declined in the
group receiving continuous ART, while BMD remained stable or increased in the first year
of intermittent, CD4 cell count-guided ART.37 While the significance of this relationship
between HIV RNA and BMD we described remains unclear, it may indirectly reflect a
negative effect of ART on BMD similar to that found in the SMART study, although we did
not actually measure a detrimental effect of HAART on BMD, rather we found an
association between NNRTI use and increase in TH and FN BMD.

We found that consumption of 14 or more drinks per week was associated with increased
BMD at the FN. We did not find any significant associations between heavy alcohol
consumption and BMD at TH or LS, nor with lesser amount of alcohol and BMD at any site.
In general, the effects of alcohol on bone health depend on the dose and duration of alcohol
consumed.38 Consumption of one glass of alcohol per day or less for women and two for
men (often considered light consumption) has been associated with no effect or beneficial
effects on BMD in a number of studies, while consumption of more than four glasses of per
day of alcohol is detrimental to bone.39–42 Data on the effects on bone of consumption of
two or three glasses per day of alcohol are inconsistent, and are dependent on the age, sex,
and menopausal status (for women) of the subject. In a study by Tucker, intake of >2 drinks
per day was associated with increased BMD in postmenopausal women; however in men
high liquor intake (>2 drinks/d) was associated with significantly lower BMD, and no effect
was seen for premenopausal women.43 The EPIDOS study in France reported an increase in
trochanteric BMD in elderly women who drank 11–29 g/d of alcohol, or 1–3 glasses of wine
per day.44 Definitions of light, moderate and heavy alcohol consumption vary in the
literature, and the definition of a standard drink, generally between 8 and 12g of ethanol,
differs between countries. Few women in our study (<4%) consumed 14 or more drinks per
week, which by many standards would be considered moderate alcohol consumption at an
average or two drinks per day, therefore we could not examine whether alcohol effects
varied according to menopause or HIV status. Possible explanations of a beneficial effect of
light or moderate alcohol consumption on BMD in women include an increase in calcitonin,
which inhibits bone resorption,45 an increase in estrogen level,46,47 and lower bone
remodeling with decreased levels of serum osteocalcin and N and C terminal telopeptides of
type I collagen.48,49
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Our study has limitations. We did not measure amount of regional subcutaneous or visceral
fat. BIA was used to assess total fat and lean mass, whereas DXA was used to assess
regional body fat and lean mass. Given the increased BMI of our population, in some cases,
the arm fell out of the field of view of the DXA scan. Thus, we were not able to accurately
assess the amount of total fat and lean mass measured by DXA, nor were we able to directly
correlate BIA measures of total fat and total lean mass to DXA measures in our cohort.
Nevertheless, good agreement has been reported for body composition measurements
between BIA and DXA including fat free mass, fat mass and percentage body fat among
overweight and obese women.50,51 We were not able to assess the biological mechanisms
underlying the relationship between body composition and BMD, such as measurement of
adipokines, reproductive hormones, or biological markers of bone turnover, although these
analyses are planned. Additionally, the majority of women in WIHS are African American
and overweight, therefore our results may not be generalizable to all women. There are also
several strengths to our study. The WIHS cohort has a well-matched comparison group of
HIV-uninfected women with similar risk factors for bone disease, and is representative of
the HIV epidemic among US women. Data on traditional risk factors for osteoporosis have
been collected at regular intervals in addition to repeated measures of bone mineral density
and body composition, and participant retention is excellent.

In conclusion, in this cohort of HIV-infected and uninfected women, total fat and lean mass
are independently associated with increased BMD, regardless of HIV status. Greater trunk
fat but not leg fat was associated with increased BMD, suggesting different mechanisms by
which regional body fat may affect BMD, and future studies should include measurement of
regional subcutaneous and visceral adipose tissue. Clarification of the mechanisms
underlying these associations may have important implications for bone density screening
and preventive interventions for reduced BMD in HIV-infected women, particularly those
with alterations in body composition.
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Figure 1.
Age-standardizedBMD in the Lumbar Spine, Hip, and Femoral Neck over 5 years in HIV-
infected and uninfected Women
Abbreviations: BMD: bone mineral density; HIV: human immunodeficiency virus
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Figure 2.
Age-standardized Body Composition Measures over 5 years in HIV-infected and uninfected
Women
Abbreviations: BMD: bone mineral density; HIV: human immunodeficiency virus; FFM: fat
free mass; TBF: total body fat
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Table 1

Characteristics of HIV uninfected women and HIV infected women at index visit**

HIV-uninfected (N=122) HIV-infected (N=318)

Age (yr), mean ± SD * 37 ± 8.6 44 ± 8.1

Race, n(%)

 African American 70 (57) 186 (58)

 Hispanic 36 (30) 81 (26)

 Caucasian & other 16 (13) 51 (16)

Study center, n(%)

 Bronx/Manhattan 49 (40) 128 (40)

 San Francisco 44 (36) 119 (37)

 Chicago 29 (24) 71 (22)

Enrollment cohort, n (%) *

 Original (1994–95) 45 (37) 211 (66)

 2nd enrollment (2001–02) 77 (63) 107 (34)

Smoking status, n(%)

 Never smoker 26 (21) 57 (18)

 Current smoker 80 (66) 189 (60)

 Ever smoker 16 (13) 68 (22)

Type of alcohol use, n (%) *

 Abstainer 43 (35) 167 (53)

 Light (<3 drinks/wk) 42 (34) 106 (34)

 Moderate (3–13) 31 (25) 33 (10)

 Heavy (≥14 drink/wk) 6 (5) 10 (3)

Opiate use at index visit, n (%)

 No 101 (83) 264 (84)

 Yes 21 (17) 52 (16)

Opiate use from enrollment to index visit, n (%)

 No 91 (75) 223 (70)

 Yes 31 (25) 95 (30)

Calcium/Vitamin D/Multivitamin use, n (%) 4 (3) 26 (8)

Post-menopausal status, n (%) * 4 (3) 81 (26)

Free Testosterone (ng/dL), median (IQR) * 41.2 (26.6–55.4) 23.3 (19.0–34.1)

BMI (kg/m2), median (IQR) * 30.2 (25.1–36.0) 27.0 (23.4–30.9)

Waist circumference (cm), median (IQR) 92.2 (81.6–103.3) 88.9 (80.1–98.4)
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HIV-uninfected (N=122) HIV-infected (N=318)

Body components, median (IQR)

 Trunk fat (kg)* 15.6 (10.7–22.0) 12.7 (9.1–16.8)

 Leg fat (kg)* 11.9 (8.4–16.0) 8.7 (5.6–12.6)

 Fat free mass (kg) 45.9 (42.3–49.0) 44.0 (40.7–47.8)

 Total body fat (kg)* 32.1 (21.7–46.1) 26.4 (18.6–35.2)

 Percent body fat (%)* 41.8 (34.9–48.6) 37.4 (30.8–43.6)

Hepatitis C virus seropositive, n (%) * 17 (14) 102 (32)

AIDS diagnosis, n (%) 146 (46)

CD4 count (cells/ml), median (IQR) * 1060 (796–1236) 399 (262–598)

CD4 nadir (cells/ml), median (IQR) * 800 (662–1036) 237 (123–346)

HIV RNA viral load, median (IQR) 575 (80–6900)

HIV RNA viral load(log10scale), median (IQR) 6.4 (4.4–8.8)

On ART, n (%) 265 (83)

On HAART, n (%) 179 (56)

On tenofovir, n (%) 71 (22)

Cumulative HAART exposure (months), median (IQR) 48 (30–72)

Type of HAART, n (%)

 PI only 85 (47)

 NNRTI only 66 (37)

 dual/other 28 (16)

*
P<0.05 for Chi-squared test, two sample t-test (for age) or Wilcoxon rank-sum test (for other continuous variables that are not normally

distributed)

**
Index visit refers to the first visit when BMD/DXAs were measured.

#
Abbreviations: HIV: human immunodeficiency virus; BMI: body mass index; ART: antiretroviral therapy; HAART: highly active antiretroviral

therapy; PI: protease inhibitor; NNRTI: non-nucleoside analog reverse transcriptase inhibitor
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