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Abstract

The prevalence of osteoporosis is higher in persgmg with HIV (PLWH) than
in HIV-uninfected individuals. PLWH also have arcieased risk of developing an
adipose redistribution syndrome (HARS) and musadss.| Data examining the
relationships between bone, fat and muscle magd.WH are scarce and inconsistent.
We examined the association between total body boimeral density (BMD) with
measures of central and appendicular fat and ledy mass in men and women living
with HIV.
HIV-positive men (n=466; mean age 46 years) and &moim=153; mean age 43 years)
were evaluated for total body BMD by dual energyay- absorptiometry (DXA),
anthropometric indices of central (waist circumfex®) and appendicular fat (triceps
skin-fold), and DXA-derived measures (trunk-to-extity fat ratio, trunk fat,
appendicular fat, and percent lean body mass). Rios cohort, 297 men and 101
women were included in the longitudinal analysisultiariable linear regression,
separately in each sex, assessed the relationsteén total body BMD and each of the
body composition measures in the cross-sectioralyses; and between baseline trunk-
to-extremity fat ratio and 2-year change in totady BMD.
We found that trunk-to-extremity fat ratio was asated with lower total body BMD in
men (=-0.02, p=0.01). Both higher central and appendicihtt measurements were
associated with lower total body BMD in men (p &ir<0.05 except appendicular fat by
DXA, p=0.1), but not womenpE0.02, p=0.2), after multivariable adjustment. Ratc

lean body mass was positively associated with tbtady BMD in men [§{=0.004,



p<0.001), and womenp£0.003, p=0.06). Baseline trunk-to-extremity fatiocaand
percent lean mass were not significantly associatila 2-year changes in total body
BMD in men or women.

In this cohort, there was a positive associatiaween lean mass and total body BMD in
both sexes with HIV, implying that lean mass israportant determinant of BMD in this
population. Our study also found a negative astiocidbetween measures of body fat
and total body BMD in men with HIV, suggesting tilegher fat mass in men with HIV
may have an adverse effect on BMD. Baseline bodyposition measures did not
predict change in total body BMD over a 2-year @eriLarger and longer-term studies

are needed to confirm these findings.



Table of Contents

Y 0] 1 = (o RSP SP [
S 0 = =R \Y
S o ) T PP v
(IS 0 =] o] £ =AVZ = 1o S Vi
1 0T (3o 1o USSR 1
1.1 Background and SignifiCanCe...........uuuuuuiiiiiiiieee e 1
1.2 Specific AIMs and HYPOtheSeS:.........oooo i 2
1YL T T PP PPURPR 4
FZ00 Y 11 T |V o7 T o S 4
2.2 Data COllECHIOM ... ..cceeiiiiie e e e e e 4.
2.3 ClINICAlI MEBASUIES ... uuiiii e e ettt e e e e e e e e e e e e e e e aaaaaaan e e as 5
2.4 POWET CAlCUIALION......uuiiieeii et e e e e e e e e e e e e as 6
2.5 StatiStICAl ANAIYSIS......eeiiitiiiiiiiie ettt e e e e e e e e e e e eeeeeeeees 7
R ESUIS ..ottt raa e e e e e e e e e e e e e e e e e aaraaa——_ 11
3.1 DemographiC Data...........ccuuuuuiiiiiiiiiiee e eeeee e e 11
B2 BMI e eaaaaa e e e aaaaaaas 15
B.3Fat and BMD..........oiiiiiiiiiii e aaes 15
3.4 Lean Mass and BMD..........ouuuuiiiiiiiiiiie ettt a e e 30
DISCUSSION ...ttt e e e e e e e et e e e e e e et e e e e e e s aean e e e eeenataaeeaaaenn 34
(@0} o [od 11153 [ o PPN 37
Y] (=] €= o= R PRUSUOPRR 38



List of Tables

Table 1: Characteristics of HIV-infected women ameh observed at the time of first
(D) QAN £ A== EoY 1 (=] 1 =] 12

Table 4: Correlation Matrix of BMI vs body compagit measures in men in the cross-
SECHIONAl ANAIYSIS: ... ————————— 16

Table 5: Correlation Matrix of BMI vs body compasit measures in women in the
CroSS-SecCtional @NAlYSIS: ......cooviiiiiiiiceeemmm e 16

Table 2: Cross sectional analysis of measures @y bat, lean mass and total body BMD

Table 3: Longitudinal analysis of the associatietween baseline trunk-extremity fat
ratio, lean mass and percent change in total bR B..............ccccooeeeiiiiiiiiiniinnnns 33.



List of Figures

Figure 1: Directed acyclic graph (DAG) of the asation between trunk-to-extremity fat

ratio and total DoAY BMD ..........oooeiiiiiieeeeeee e 9
Figure 2: Scatter plot of trunk-to-extremity faticeand BMI in men in the cross-
SECHIONAl ANAIYSIS: ... i ———————— 17
Figure 3: Scatter plot of trunk fat and BMI in miarthe cross-sectional analysis........ 18
Figure 4: Scatter plot of waist circumference amdl B men in the cross-sectional
ANAIY SIS, Lttt e e ettt e ettt e ettt m—————— ettt et ettt —tt ittt it — e e e anaaaaaaaaaeaeaaataeeeraarrraa 19
Figure 5: Scatter plot of appendicular fat and BMinen in the cross-sectional analysis:
............................................................................................................................... 20
Figure 6: Scatter plot of triceps skin-fold and BiMImen in the cross-sectional analysis
............................................................................................................................... 21
Figure 7: Scatter plot of percent lean mass and iBNten in the cross-sectional

=T F= 1| PP UURPPPPPIPPPPPPPIN 22
Figure 8: Scatter plot of trunk-to-extremity fatioeand BMI in women in the cross-
SECHIONAl ANAIYSIS: ...ccciiiiieeeeee e ————————— 23

Figure 9: Scatter plot of trunk fat and BMI in womi@ the cross-sectional analysis:..24
Figure 10: Scatter plot of waist circumference Bl in women in the cross-sectional

ANAIY SIS, ettt et et ettt et e e ettt mm———— ettt et ettt ———— ittt —— e e e anaaaaaaaaaaaeaeateaeeeaarrraa 25
Figure 11: Scatter plot of appendicular fat and Bivivomen in the cross-sectional
ANAIY SIS, Lttt e e ettt ettt e ettt ettt e ettt e ettt ——— ittt —t—— e e e aaaaaaaaaaaeaeaaetaaeeeearrraa 26
Figure 12: Scatter plot of triceps skin-fold and BRwomen in the cross-sectional
ANAIY SIS, ottt e e et e ettt e et ettt et ettt et ettt —— ittt —t—— e e e anaaaaaaaaaeaeaeaeaeeaerarrraa 27
Figure 13: Scatter plot of percent lean mass andiBMomen in the cross-sectional
=T F= 1) PP URURPPPPPIPPPPPPPIN 28
Figure 14: Trunk to extremity fat ratio and totaldy BMD in HIV-infected men and
1717011 11T o TP PPPPT 29



List of abbreviations

ART antiretroviral therapy

BMD: bone mineral density

BMI body mass index

CT computed tomography

DXA: dual energy-ray absorptiometry
HARS HIV-associated adipose redistribution syndrome
MRI magnetic resonance imaging

NFHL Nutrition for Healthy Living Cohort
NNRTI non-nucleoside reverse

Pl protease inhibitor

PLWH persons living with HIV

Vi



I ntroduction

1.1 Background and Significance
Since the advent of antiretroviral therapy in thanagement of chronic HIV

infection, persons living with HIV (PLWH) are livinlonger and are increasingly facing
chronic and age-related health problems includstgaporosis. PLWH have an increase
in fracture risk compared to that of age and gemdeiched uninfected patients[1-3].
PLWH also have an increased risk for developing 4dfgociated adipose redistribution
syndrome (HARS) — a disorder involving central ¢eposition and/or peripheral fat
atrophy, more frequently occurring as separateadeseentities in the non-HIV infected
population [4]. Maldistribution of fat may be a kigactor for bone loss as has been
suggested by recent observational, mainly crossesed, studies in non-HIV infected
populations [5-7]. Notably, adipose tissue secrataftiple circulating adipokines, some
of which are pro-inflammatory and may adverselgetfioone metabolism.

Data examining the relationship between bone arndnfass in PLWH are
inconsistent [8-16]. In a cross-sectional studyH¥Y-infected men, excess trunk fat
deposition was associated with lower lumbar spwiemetric bone mineral density [10].
On the other hand, a recent longitudinal study iv-kfected women, mostly non-
White, found total fat mass and trunk fat to beifpoy associated with total hip and
femoral neck bone mineral density [9].

Accelerated loss of muscle mass has been wellidescamong older non-HIV
infected adults and linked to declines in bone mahdensity [17-22]. Decreased lean

body mass, as a measure of muscle mass, has &sabsociated with decreased bone



mineral density in younger, middle-aged PLWH oncgsgsful antiretroviral therapy in
several [23-25] but not all studies [12].

The conflicting data on the association betwe¢nrfass and BMD in non-HIV
infected as well as HIV infected individuals maycee to differences in measurement of
fat and bone mass and the population studied amibreg factors.

To better understand whether body compositionnisngportant determinant of
bone mineral density in middle-aged PLWH, we exadirthe cross-sectional and
longitudinal association between measures of ceatr@ peripheral fat mass, lean mass
and total body bone mineral density in HIV-infectedn and women who participated in

the Nutrition for Healthy Living Cohort [4, 26-31]

1.2 Specific Aims and Hypotheses:
Specific Aim I To examine the association between trunk to extyefat ratio, a

measure of body fat distribution, and total bodyBM PLWH.
Hypothesis 1Trunk to extremity fat ratio will be inverselysaxiated with total body
bone mineral density.

Specific Aim 2: To examine the association between trunk fat, waisumference,

appendicular fat and triceps-skin fold and totadypBMD in PLWH.

Hypothesis 2Measures representative of central fat mass (¢rgnk fat and waist
circumference) will be inversely associated withakobody BMD. Measures of
peripheral fat mass (e.g., appendicular fat anadps-skin fold) will be positively
associated with total body BMD.

Specific Aim 3 To assess whether trunk to extremity fat ratiassociated with 2-

year changes in total body BMD in PLWH.



Hypothesis 3A higher trunk to extremity fat ratio will result a greater decline in

total body BMD.Specific Aim 4:To examine the association between lean mass by

DXA and total body BMD in PLWH.

Hypothesis 4Lean mass by DXAwill be positively associated with total body BMD.



Methods

2.1 Study cohort
Our study population consisted of individuals de in the Nutrition for

Healthy Living Cohort (NFHL), an NIH-funded study the nutritional and metabolic
consequences of HIV infection. Recruitment for teitsdy started in 1995. Eligible
participants included HIV-seropositive men and wareged 18 years or older) living in
the greater Boston area or Rhode Island. Indiveluare excluded if they had any of the
following conditions at the time of enroliment: greancy, diabetes, thyroid disease,
malignancies other than those associated with HiVinadequate fluency in English.
Study methods and baseline characteristics of thle cbhort have been described
previously [26]. The parent study was approved Moy institutional review boards at
Tufts Medical Center (Boston, MA) and Miriam Hospi{Providence, RI), and informed
consent was obtained from all participants. Fordioss-sectional analysis, we included
men and women who had at least one DXA scan pee@h the most recent visit. To be
included in the longitudinal analysis, participah&l to have had at least two DXA scans

performed at different visits within a period ofdwears (+ 6 months).

2.2 Data Collection
In brief, all participants were evaluated at semigl visits by trained study staff.

Data collected at each study contact included apthmetric measurements, such as
weight, height, triceps skinfold, waist, hip anddrairm circumference, and dietary intake
from 3-day food records. At each visit, particimandlso completed a detailed
guestionnaire eliciting information on sociodemaria characteristics, clinical status,
health-related quality of life, smoking, and alcbhee. Data on calcium and vitamin D
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intake, use of prednisone, hydrocortisone, andratroviral therapy were collected by
trained interviewers. Anti-retroviral therapy wasfided as use of at least 3 medications
from 2 or more classes (nhucleoside reverse trgstase inhibitor, non-nucleoside reverse
transcriptase inhibitor, and protease inhibitorlcohol use was defined as heavy (more
than 2 drinks on 4-7 days/week) vs. non-heavy.\Dedloric intake, protein, calcium,
and vitamin D consumption, including supplementsyevdetermined from 3-day food
records using the Minnesota Nutrition Data Systearsibon 4.06_34. If a 3-day food
record was not kept, a 24-hour food recall wasiobthby a trained nutritionist. Strength
training over the past 7 days was assessed useghysical activity recall instrument

[31].

2.3 Clinical measures
Subjects were weighed (kg) fully dressed, but auathshoes, heavy clothing, or

objects, before eating or drinking (minimum 5-hdast). Height (cm) was measured
without shoes by stadiometer [31]. Body mass in(MI) was calculated as weight
divided by height squared (kgfin Body circumferences and skin-fold measurements
were conducted by trained study personnel. Theageeof 3 measures within 3 mm was
used [4]. Transverse whole-body scans were obtanyed of 3 validated technicians
using a QDR2000 scanner (Hologic, Waltham, MA)he array mode. DXA phantoms
were scanned daily to minimize instrument drift. ®¥as conducted with the subject in
a standard supine position, wearing a hospital goavd after emptying his or her
bladder. Hologic 2000 software computed total bbdye mineral density (BMD) in
g/cnf. Body composition obtained by DXA, including truakd appendicular fat, was

measured in kilograms [16]. Trunk-to-extremity fatio is obtained by dividing trunk fat



in kilograms over appendicular fat in kilograms {32]. Percent lean mass for the whole
body was obtained by DXA.

Fasting blood was collected and stored at eacht Vi@ immunologic,
biochemical, and nutritional testing. The nadir GDzell count was determined by either
self-report or measured CD4+ cell count, which waghly correlated (r=0.87) [4]. HIV
RNA (logl0 copies/mL) was measured by the Roche lfmp Monitor reverse
transcriptase—polymerase chain reaction assay €odWolecular Systems,

Somerville,NJ), with a lower detection limit of 4@0pies per milliliter.

2.4 Power calculation
Published data are available describing the ctiogl between trunk-to-extremity

fat ratio and volumetric BMD in g/cm?3 for HIV-infeed men (r=-0.44, p=0.044) and
amenorrheic female athletes (r=-0.45, p=0.04) (4,28e are not able to use the
regression coefficients from these studies bectheseutcome in our study is total body
areal BMD in g/cm?.

Given a sample size of 153 women in our crosseswdtanalysis, we have 80%
power to detect a correlation with absolute valt®.@3 or greater between trunk-to-
extremity fat ratio and total BMD. Similarly, givem sample size of 466 men in our
cross-sectional analysis, we have 80% power toctlateorrelation with absolute value
of 0.13 or greater. As for the longitudinal anatysive have 80% power to detect a
correlation between trunk-to-extremity fat ratioda®year change in total body BMD
with absolute value of 0.28 or greater given oumga size of 101 women, and a
correlation with absolute value of 0.17 or greaterour sample size of 297 men.

Calculations were performed assuming a two-sidgabtinesis test with a significance



level of 0.05 using NCSS/PASS software (NCSS, LK@ysville, Utah, USA. www.

ncss.com).

2.5 Statistical Analysis
Statistical analyses were performed using theaissital package. All baseline

characteristics are presented as means = SDsniatiyr distributed or as medians and
inter-quartile ranges if not normally distributdesults were considered significant if the
2-tailedP value was <0.05.

Our cross-sectional sample was constructed usiagast DXA measure from
participants enrolled in the NFHL from 1995-2006, order to use the most recent
information available The visit when the last DXA was performed wa®nefd to as the
index visit. The longitudinal sample was constrdctesing the participant's baseline
(first) DXA measure and a follow-up DXA measure otlee following 18 to 30 months.
The visit when the first DXA was performed was redd to as the index visit in the
longitudinal sample. The primary dependent vaeahl the cross-sectional study was
total body BMD at the index visit.

The primary dependent variable in the longitudstaldy was the percent change
in total body BMD between the index visit and fellaip visit. It was calculated as
follows: (total body BMD at follow-up visit minusotal body BMD at baseline)/total
body BMD at baseline

Independent variables of interest included: then@ry independent variable of
trunk-to-extremity fat ratio and the secondary peledent variables of trunk fat and
waist circumference (measures of central fat magg)endicular fat and triceps skinfold
(measures of peripheral fat mass) and lean masas(mre of muscle mass). Trunk-to-

extremity fat ratio takes into account relative fass in the extremities as well as
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increased trunk fat and is a good surrogate ofevacadipose tissue and insulin
resistance [34, 36, 37]. Waist circumference amgeps-skin fold are anthropometric
measures of central and appendicular fat, respgtiand can be implemented in a
clinical setting.

Analyses were stratified by sex because of diffees in body fat distribution
between men and women [4]. Previous literature dnasmined relationships between
measures of body adiposity and lean mass with BNBhén and women separately [9-
11, 14, 23, 38]. The assumption of linearity betwéetal body BMD and trunk-to-
extremity fat ratio was assessed using a model waitquadratic term for trunk-to-
extremity fat ratio.

A priori and based on biological and clinical extfe, we identified age, race,
strength training, smoking, tenofovir use, progeahibitor and BMI at the index visit as
potential confounders based on directed acycliplg(®AG) methods (Figure 1) [13, 31,

39-41].



Figure 1: Directed acyclic graph (DAG) of the association between trunk-to-extremity

fat ratio and total body BMD
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Since information about menopause status was ritected in the early phase of the
NFHL, and most women undergo menopause around & y# age, we used age 50
years and over as an indicator of menopause [42)ddate regression analyses of all
the independent variables with the outcome wertopaed. We considered tenofovir use
to be a potential intermediate variable along thasal pathway between the primary
independent variable (trunk-to-extremity fat ratam)d our principal study outcome (total
body BMD). Due to a potential bias influencing tiee of tenofovir in those who have
underlying HARS, we carried out separate modelsh veihd without adjusting for

tenofovir (data not shown). While it is importaotiote that BMI is a measure of total
body weight (adjusted for height), trunk-to-extrgnfat ratio, trunk fat, appendicular fat,

waist circumference and triceps skin-fold are atlasures of body composition. Previous
studies on the association between body composlgan mass with BMD have adjusted
for BMI [10, 16, 43-45]. Therefore, we ran sepanatedels for the various independent
variables of trunk-to-extremity fat ratio, trundtf appendicular fat, waist circumference,
triceps skin-fold, percent lean mass with the ppakcstudy outcome (total body BMD)

with and without BMI in the model. Adjusted analgseised multivariable linear

regression modeling with candidate variable sedacthased on clinical concepts and
consideration of ten observations per predictointdrest. For the longitudinal analysis,
we ran two separate models of baseline trunk-tceenity fat ratio and percent lean mass
with percent change in total body BMD adjusting fage, race, strength training,

smoking and BMI in each of these models.

10



Results

3.1 Demographic Data

Men
A total of 466 men were included in our cross-eee analysis (Table 1). They

had a mean age of 46 years. Sixty-seven perceBt{)-of the men were Non-Hispanic
White. They had been living with HIV for a mean diion of 11 years. Almost half
(n=212) of the men were smokers. Steroid use wperted in less than 5% of the
participants. Approximately 25% (n=126) of the nreported regular bouts of strength
training. Twenty-seven percent of men (n=127) hadstory of tenofovir use. Mean total

body BMD was 1.1 g/cmz? (Table 1).
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Table 1: Characteristics of HI V-infected women and men observed at the time of first DXA measurement

Cross-sectional cohort n=619

Longitudinal cohort n=398

Men Women Men Women
In 466 153 297 101
Age (years) 46 (+46) 43 (£7) 43 (£7) 40 (£7)
Time HIV positive 11 (#5) 11 (#5) 8 (+4) 8 (+4)
|(years)
Race/ethnicity
Non-Hispanic Black 113 (24%) 79 (52%) 85 (29%) 51 (50%)
Non-Hispanic White 311 (67%) 56 (37%) 184 (62%) 37 (37%)
Hispanic 42 (9%) 18 (11%) 28 (9%) 13 (13%)
Alcohol **
Non-heavy drinker 337 (95%) 129 (97%) 109 (90%) 38 (93%)
Heavy drinker 24 (5%) 5 (3%) 12 (10%) 3 (7%)
Smoking
Former/Never 253 (55%) 51 (34%) 163 (55%) 36 (36%)
Current 212 (45%) 101 (66%) 134 (45%) 64 (64%)
[Calcium (mg) 1060 (733-1440)| 708 (416-1123)] 1050 (680-1554) 730(493-1020)
Vit D (mcg) 11(5-16) 7 (3-13) 12 (5-17) 7 (4-14)
HIV RNA logl 10 2.3 (2.3-4.0) 2.3 (2.3-4.5) 2.3 (2.3-3.9) 2.3 (2.3-3.8)
|copies/ml

IcD4+ cells/mm3

411 (234-610)

423 (213-661)

350 (214-580)

439 (281-657)

Nadir CD4 cells/mn

168 (50-293)

174 (64-300)

216 (92-374)

275 (139-470)

No antiretroviral theray 89 (19%) 43 (28%) 56 (19%) 22 (22%)
BMI (kg/m2 ) 24.6 (22.4-27.7) | 26.2(22.1-31.5)| 24.7 (22.8-27.7) | 27.1(23.9-31.3)
[Current steroid use 10 (2%) 6 (4%) 3 (1%) 2 (2%)
[Current strength trainir 126 (27%) 17 (11%) 71 (24%) 9 (9%)

ART regimen

NNRTI 153 (33%) 39 (26%) 77 (26%) 23 (23%)

Pl 246 (53%) 67 (44%) 157 (53%) 43 (43%)
Ever Tenofovir 127 (27%) 42 (28%) 9 (3%) 2 (2%)
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Cross-sectional cohort n=619

Longitudinal cohort n=398

Men Women Men Women
| ndependent variables:
Trunk: extremity fat 1.3(0.97-1.85) | 0.95(0.73-1.3)] 1.13(0.78-1.60) 0.92 (0.7-1.2)
ratio
Waist circumference 89.8 (83.4-98.2) | 86.2 (75.5-98.4] 89.6 (83.8-97.2) 91 (x15)

(cm)

Trunk fat (kg) 7.5 (5.0-10.9) 10.5 (6.9-16.1) 7.4 (4.7-11.3) 12.3(7.9-17.7)
Triceps skin fold (mm) 6.5 (4.7-11.1) 19.2 (11-27.7) 7.3 (5-12) 21 (13.3-29.3)
Appendicular fat (kg) 5.6 (3.8-8.1) 10.1 (7.2-15.3) 6.3 (4.4-9.2) 13.4 (9.0-17.4)

Percent lean mass

81.1 (75.7-85.§)

67.6 (60.6-1

4.3)8.7 (73.3-84.1)

64.6 (57.4-72.0

*Data are percentage of patients or median valugtt{Z75th percentile) or meas$D)
**There were 105 men and 19 women in cross-sedticotaort, 176 men and 60 women in longitudinal abhwho were
missing data on alcohol use
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Two hundred ninety-seven men were included inldhgitudinal analysis (Table
1). They had a mean age of 43 years and a meatatuecd HIV infection of 8 years. In
addition, 3% of men (n=9) had tenofovir exposurenast of them were enrolled prior to
use of tenofovir as antiretroviral therapy. Meancpat change in total body BMD was -
1.08 over an average period of 2 years. Median bieteeen the baseline and the second

DXA visit was 24 months.

Women
A total of 153 women were included in our crosstiemal analysis (Table 1).

They had a mean age of 43 years. Thirty-seven pe(oe56) of the women were non-
Hispanic White. They had been living with HIV fomaean duration of 11 years. Sixty-
six percent (n=101) of the women were smokers.offtarse was reported in less than
5% of the participants. Approximately 10% (n=17)vadmen reported regular bouts of
strength training. 28% (n=42) of women had a histafrtenofovir use. Mean total body
BMD was 1.1 g/cm? (Table 1).

One hundred and one women were included in thgitlasinal analysis (Table 1).
They had a mean age of 40 years and mean durdtibiVoinfection of 8 years. Two
percent of women (n=2) have history of prior temafaise. Mean percent change in total
body BMD was 0.14 over an average period of 2 yelfsdian time between the

baseline and the second DXA visit was 25 months.
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3.2 BMI
BMI was found to be strongly correlated with trufd¢, waist circumference,

appendicular fat, triceps skin fold and percenn leeass ¢0.5) in both men and women,

as evaluated by Scatter plots and correlation mg@fables 4-5, Figures 3-7, 9-13).

3.3 Fat and BMD

Men
Median trunk-to-extremity fat ratio was 1.3 in tti®@ss-sectional analysis (Table

1). Descriptive statistics for all measures of canfwaist circumference and trunk fat)
and appendicular (triceps skin fold and appendrdal adiposity are shown in Table 1.
The p-value for the quadratic term for trunk-torertity fat ratio was 0.4 in the cross-
sectional analysis. Therefore, a linear model wasnted adequate. The relationship
between total body BMD and trunk-to-extremity fatio displayed in our Scatter plot

was linear (Figure 14). After controlling for agace, exercise, smoking, and BMI, in the
cross-sectional analysis, higher trunk-to-extrenfidtyy ratio was associated with lower
total body BMD (Table 2, Model 1). Similarly, highedividual measures of central and
appendicular fat by anthropometry and DXA (excemppemdicular fat by DXA) were

associated with lower total body BMD after multindrie adjustment (Table 2, Models 2-
5). In the models without BMI, only waist circumégice and appendicular fat were
found to be associated with total body BMD. Moragvegher waist circumference and
appendicular fat were associated with higher tbtaly BMD. Protease inhibitor and

tenofovir use were found not to be significant inltivariable modeling and therefore,

they were not included in the final models.
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Table 4: Correlation Matrix of BMI vs body composition measuresin men in the cross-
sectional analysis:

Trunk-to- | Trunk fat | Waist Appendicular | Triceps Percent
extremity circumference| fat skin-fold | lean mass
fat ratio

BMI 0.15 0.8 0.9 0.7 0.5 -0.6

Table 5: Correlation Matrix of BMI vs body composition measures in women in the
cross-sectional analysis:

Trunk-to- | Trunk fat | Waist Appendicular | Triceps Percent
extremity circumference| fat skin-fold | lean mass
fat ratio

BMI 0.3 0.9 0.9 0.9 0.7 -0.8
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Figure 2: Scatter plot of trunk-to-extremity fat ratio and BMI in men in the cross-
sectional analysis:
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Figure 3: Scatter plot of trunk fat and BMI in men in the cross-sectional analysis:
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Figure 4: Scatter plot of waist circumference and BMI in men in the cross-sectional
analysis:
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Figure 5: Scatter plot of appendicular fat and BMI in men in the cross-sectional
analysis:
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Figure 6: Scatter plot of triceps skin-fold and BMI in men in the cross-sectional

analysis:
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Figure 7: Scatter plot of percent lean mass and BMI in men in the cross-sectional
analysis:

o |
@
o
w @
()]
@
£
c
@
2 o
:]E_J‘ =T °o
% P~ o o
o
o
o
=
o
o
o
o
I I I I I I
15 20 25 30 35 40

BMI

22



Figure 8: Scatter plot of trunk-to-extremity fat ratio and BMI in women in the cross-

sectional analysis:
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Figure 9: Scatter plot of trunk fat and BMI in women in the cross-sectional analysis.
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Figure 10: Scatter plot of waist circumference and BMI in women in the cross-
sectional analysis:
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Figure 11: Scatter plot of appendicular fat and BMI in women in the cross-sectional
analysis:
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Figure 12: Scatter plot of triceps skin-fold and BMI in women in the cross-sectional

analysis:

Triceps skin-fold

60

50

40

30

20

10

o
o
&
o
o
o
o
o
o
o] o OQOCO
] ol
i o o
o © oo o
w = o o
o o
o o0 o
o o o
o oo o o o
o OO c? s}
%% o o
© o © © o
o Ooo o © o 2 o
O%oo go
© o o o o
000 % O
OOO(%
O%@o@ o o
o] o]
oéjoo@o o owo =
Y o o0g° ,
] oo ]
o
[ [ [ [
20 30 40 50
BMI

27



Figure 13: Scatter plot of percent lean mass and BMI in women in the cross-sectional
analysis:

S 4o o
To e
o o
g ©
o o ©
o ) 2o o
o
0008@00
o
o
o o & oo o g @
] g'é;) s} o
E o | i) & oo
g ° o % %%
= O%OOC%OOOOO
] o
e o 000@8 o
fi] O(:D
L]
o o oo%po o] o
o g o 4 & o o o
o 2 o © o o
ggo o0 0
o
'5:' e OO o
& ° o]
o o
uw o] o OOO
o
o
I I I I
20 30 40 50
BMI

28



Figure 14: Trunk to extremity fat ratio and total body BMD in HIV-infected men and

women
(n=466 men; n=153 women)

Men

total body BMD

trunk-extremity fat ratio

= ]
- o
@ o
) °© o
— o 0
© a
< o
o o
o ) o o
o o o
- o © o © o
[a] Qo @ o
= F b 5% 2 oo °
m 0@ o ) o © @ 8
2 o o o o o
> s} o o
Ee) o o %o
2 = 7/°/@MJ/O/
- =
o 5 S o o o 0o 4 o o
o oo © B o o
© ° Co P g e °
2 O@OQ) o, © 5 o @
o | o o ® [} o
A ] o oo
° ° o o
ool a e
o @ @
@ o [}
_ o
o o © o
© o
T T T T T
0.5 1.0 15 2.0 25

trunk-extremity fat ratio

29



Median trunk-to-extremity fat ratio was 1.13 hetlongitudinal cohort (Table 1).
Baseline trunk-to-extremity fat ratio was not asatad with 2-year changes in total body

BMD, after controlling for age, race, exercise, &ng, and BMI (Table 3, Model 1).

Women
Median trunk-to-extremity fat ratio was 0.95 iretbross-sectional analysis (Table

1). The quadratic term for trunk-to-extremity fatio had a p-value of 0.7 in the cross-
sectional analysis. Therefore, the model examining relation between trunk-to-
extremity fat ratio and total body BMD was deemdédguate. After controlling for age,
race, exercise, smoking, and BMI, in the crossiseal analysis, there was no
association between trunk-to-extremity fat ratiache of the measures of central (waist
circumference and trunk fat) and appendicular €p#c skin fold and appendicular fat)
adiposity with total body BMD (Table 2, Models 1-&onversely, in the models without
BMI, higher trunk-to-extremity fat ratio and meassirof central (waist circumference
and trunk fat) were associated with higher totalypBMD.

Median trunk-to-extremity fat ratio was 0.92 hetlongitudinal cohort (Table 1).
Baseline trunk-to-extremity fat ratio was not asatexl with 2-year changes in total body

BMD, after controlling for age, race, exercise, &ng, and BMI (Table 3, Model 1).

3.4 Lean Mass and BMD

Men
Higher percent lean mass by DXA was associateld higgher total body BMD,

after controlling for age, race, exercise, smokiagd BMI, in the cross-sectional
analysis. Conversely, there was no association deivpercent lean mass by DXA and

total body BMD when BMI was taken out of the mo@Ehble 2, Model 6). Moreover,
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baseline percent lean mass was not associated2wjidfar changes in total body BMD

(Table 3, Model 2).

Women
Higher percent lean mass by DXA was associated kigher total body BMD

after controlling for age, race, exercise, smokiagd BMI, in the cross-sectional
analysis. Conversely, there was no associationdmtwpercent lean mass by DXA and
total body BMD when BMI was taken out of the mo(iEhble 2, Model 6). There was no
association between baseline percent lean mass2ayehr changes in total body BMD

(Table 3, Model 2).
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Table 2: Cross sectional analysis of measures of body fat, lean mass and total body

BMD
(n=466 men; n=153, women)

Unadjusted Adjusted* Adjusted**

Men Women Men Women Men Women

Beta Beta Beta Beta Beta Beta

(SE) (SE) (SE) (SE) (SE) (SE)

P value P value P value P value P value P value
Modell -0.03 0.016 -0.01 0.03 -0.02 0.02
Trunk_extremity  (0.01) (0.019) (0.01) (0.02) (0.01) (0.02)
fat ratio 0.001 0.38 0.2 0.06 0.01 0.2
Model 2 0.001 0.002 0.001 0.002 -0.008 0.001
Trunk fat kg (0.001) (0.001) (0.001) (0.001) (0.002) (0.003)

0.4 0.025 0.2 0.02 <0.001 0.6
Model 3 0.001 0.001 0.001 0.001 -0.002 0.001
Waist (0.0004) (0.0005) (0.0004) (0.001) (0.001) (0.001)
circumference cm 0.01 0.02 0.002 0.01 0.04 0.6
Model 4 0.004 0.003 0.003 0.002 -0.003 -0.003
Appendicular fat  (0.001) (0.001) (0.001) (0.001) (0.002) (0.003)
kg 0.003 0.04 0.03 0.1 0.1 0.3
Model 5 0.0004 0.0008 6 e-05 0.0007 -0.002 -0.001
Triceps skin fold  (0.0007) (0.0007) (7 e-04) (0.001) (0.001) (0.001)
mm 0.5 0.2 0.9 0.3 0.006 0.4
Model 6 0.001 -0.001 0.001 -0.001 0.004 0.003
Percent Lean (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
mass 0.4 0.3 0.4 0.4 <0.001 0.06

Models 1-6 are all separate models
* Adjusted for age (years), race (White, Black, péisic), strength training (current vs. not
current), smoking (current vs. former/never)
** Adjusted for age (years), race (White, Black, lisp), strength training (current vs. not
current), smoking (current vs. former/never) andIBkg/nr)
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Table 3: Longitudinal analysis of the association between baseline trunk-extremity fat
ratio, lean mass and percent changein total body BMD
(n=297 men; n=101 women)

Unadjusted Adjusted* Adjusted**

Men Women Men Women Men Women

Beta Beta Beta Beta Beta Beta

(SE) (SE) (SE) (SE) (SE) (SE)

P value P value P value P value P value P value
Model 1 0.17 0.34 0.02 0.27 0.04 0.14
Trunk-to-extremity fat (0.29) (0.94) (0.33) (1.02) (0.34) (1.08)
ratio 0.6 0.7 0.9 0.8 0.9 0.9

0.01 0.01 0.004 -0.01 0.005 -0.002
Model 2 (0.02) (0.04) (0.02) (0.04) (0.03)  (0.06)
Percent lean mass 0.5 0.8 0.8 0.7 0.9 0.9

Models land 2 are separate models.

* Adjusted for age (years), race (Non-Hispanic Whilon-Hispanic Black, Hispanic),
strength training (current vs. not current), smgkfjourrent vs. former/never)

** Adjusted for age (years), race (White, Black, lisp), strength training (current vs. not
current), smoking (current vs. former/never) andlgkg/nr)
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Discussion

We found a significant inverse association betwaah central and appendicular
measures of body adiposity with total body BMD aftentrolling for age, race, smoking,
strength training and BMI in a cohort of men livimgth HIV. Similar associations were
not observed in our sample of women living with HBfter similar multivariable
adjustment. Lean mass was positively associated total body BMD in both the men
and women in this study in the models that adjukie@MI.

The associations between measures of body adipamis¢ lean mass with total
body BMD were quite different in both men and wonveimen we did not control for
BMI. One conceivable explanation for these
different associations is that the measures ofrakeand appendicular fat mass when
adjusted for BMI are better
predictors of HARS and perhaps visceral fat thatmémodels without BMI.

Recent preclinical and clinical studies indicajgo#ential adverse effect of excess
adipose tissue on bone metabolism [5-7, 17, 19#247]. Fat, in particular visceral fat,
releases multiple circulating pro-inflammatory fast called adipokines that stimulate
osteoclastogenesis and bone resorption [5, 45J@8(ddition, bone marrow fat can have
a lipotoxic effect on bone cells through the seorebf fatty acids which block osteoblast
differentiation from mesenchymal stem cells inside bone marrow [46, 48-50]. The
inverse association between central measures of adighosity and total body BMD in
men, in our study, is consistent with other studi@amining the association between
central fat and BMD in both HIV and non-HIV infedtenales [7, 10, 15, 47, 51]. Our

data also indicate an inverse association betweéphgral measures of body adiposity
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and total body BMD in men unlike prior studies tsabwed lower BMD in association
with lower appendicular fat in men infected withVHI11, 14]. Possible explanations for
these differing findings are that the prior repdrégl a much smaller sample size of men
and used different criteria for measuring periph& In addition, the men in the prior
reports were much younger and had lower BMD letres our study sample.

We did not find an association between measurésay adiposity and total body
BMD in our sample of women as was seen in the Wdnleteragency HIV Study [9].
Our null finding may have been, in part, attributedhe smaller sample size of women
in our study. The Women's Interagency HIV Studyjoltfound that increased trunk fat
was associated with increased total hip and femweek BMD in mostly Black women
infected with HIV, had over 300 HIV-infected womedhalso differed from our study in
that it examined a more specific skeletal site, BID, rather than total BMD and did
not control for BMI. As demonstrated in a studynion-HIV infected men and women,
relationships between measures of adiposity, ssctruak-to-extremity fat ratio, were
positively associated with lumbar spine but noaltbbdy BMD [44].

Our findings of a positive association betweem lggss and total body BMD in
men and women are consistent with prior studiggeirsons infected with HIV [23-25].
Furthermore, a recent meta-analysis of 44 studiesrted a positive correlation between
lean mass with total body BMD in both men and women infected with HIV [52].
Thus, this study lends further support to the cphdbat lean mass is an important
determinant of BMD in both men and women infectethwilV.

In our longitudinal analysis, neither baselinenkdo-extremity fat ratio nor lean

mass was associated with 2-year changes in totil BvID in men or women. This lack
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of an association may be due, in part, to the smakmple size and the relatively short
18- to 30-month follow-up interval, which in a mideaged cohort of individuals may not
be adequate to detect BMD change. Furthermore,ldhgitudinal cohort included
participants who were in the cross-sectional colboitt had baseline data taken at an
earlier point in the study. These individuals whkass likely to have been on tenofovir
compared to our full cohort. Tenofovir use stante@001 for this group. For the cross-
sectional group, 23% had visits before 2001, butHe longitudinal group, 64% had the
baseline visit before 2001. Use of tenofovir hasrbassociated with increased bone loss
in persons infected with HIV [31, 40, 53]. Theskdings suggest that the association
between measures of central and peripheral fat,rfeess mass and change in BMD over
time will need to be further investigated in anasldohort, followed over a longer period
of time and accounting for changes in body adigaaitd lean mass that may result from
change in antiretroviral therapy as well as oth&rventions.

The strengths of the present study are the irmusf both women and men
infected with HIV who were followed with serial DX#cans as well as the availability of
several anthropometric body composition indicesigtveircumference and triceps skin-
fold) and DXA-derived measures (trunk-to-extrenfdy ratio, trunk fat and appendicular
fat) collected during the observational study.

However, one limitation is that these measuresndbprovide as accurate an
assessment of visceral versus subcutaneous fatasunements taken from MRI or CT.
Therefore, we used the trunk-to-extremity fat rato commonly-used measure for
determining the relationship between these twodipots and a good predictor of

visceral fat [34]. Second, our study was limited thg measures collected during the
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observational study which did not include biochehimeasures (i.e., calcium, 25-
hydroxyvitamin D, testosterone, or markers of bdouweover). We chose a two-year
DXA interval as we were limited by loss to follovp-dor longer intervals. We do not
have data on site-specific BMD but rather totalyp8\D, but these two measurements
are often correlated [54]. Data on bisphosphortaeapy was not collected in this study;
however, we anticipate that it was a not a highigspribed medication in this younger

adult population, thus, less likely to influence oesults.

Conclusion

In this cohort, there was a positive associatiomvben lean mass and total body
BMD in both sexes with HIV, implying that lean massan important determinant of
BMD in this population. Our study also found a negaassociation between measures
of body fat and total body BMD in men with HIV, s&sting that higher fat mass in men
with HIV may have an adverse effect on BMD. Baselwdy composition measures did
not predict change in total body BMD over a 2-ypariod in our sample. Larger and
longer-term studies are needed to confirm thesdirfgs. Furthermore, studies that
include site-specific BMD together with markers bbne turnover and relevant
circulating hormones will be helpful in obtaining leetter understanding of the

relationship between body composition measurehadges in BMD.
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