This is the peer reviewd version of the followng article:

Bone Mineral Density Declines Twice as Quickly Among HIV-Infected Women Compared to Men /
Erlandson, Kristine M; Lake, Jordan E; Sim, Myung; Falutz, Julian; Prado, Carla M; Domingues Da Silva, Ana
Rita; Brown, Todd T; Guaraldi, Giovanni. - In: JOURNAL OF ACQUIRED IMMUNE DEFICIENCY SYNDROMES. -
ISSN 1525-4135. - 77:3(2018), pp. 288-294. [10.1097/QAI.0000000000001591]

Terms of use:

The terms and conditions for the reuse of this version of the manuscript are specified in the publishing
policy. For all terms of use and more information see the publisher's website.

02/05/2024 02:04

(Article begins on next page)




JAIDS Journal of Acquired Immune Deficiency Syndromes Publish Ahead of Print
DOI: 10.1097/QA1.0000000000001591

Bone Mineral Density Declines Twice as Quickly AmgadlV-Infected Women Compared to Men

Kristine M. Erlandsoh Jordan E. Lake Myung Sind, Julian Falut?, Carla M. Prady Ana Rita Domingues da

Silva®, Todd T. Brown, Giovanni Guaraldi

1. University of Colorado; Aurora, CO; USA

2. University of Texas Health Sciences Center; Houstof) USA
3. University of California Los Angeles; Los Angelé3A; USA
4. McGill University; Montreal, Canada

5. Hospital Beatriz Angelo; Loures, Portugal

6. University of Alberta; Edmonton, Canada

7. Johns Hopkins University; Baltimore, MD; USA

8. University of Modena and Reggio Emilia; Modenalyita
Author Contact Information:
Kristine M. Erlandson
12700 E. 19 Avenue; Mail Stop B168; Aurora, CO 80045
Phone 303-724-4941; Fax 303-724-4926

Kristine.erlandson@ucdenver.edu

Word Count: Abstract 247; Manuscript 244

Running head: HIV and Bone Mineral Density Trajectories



Sources of Funding: This work was supported byNagonal Institute of Aging of the National Insti&s of
Health (K23AG050260; RO1AG054366 to KME) and theidlzal Institute of Allergy and Infectious Diseases

(K24 Al120834 to TTB and K23 Al110532 to JEL).

Conflicts of Interest TB has served as a consutta@ilead Sciences, Merck, BMS, Theratechnologies,
EMD-Serono. JEL has served as a consultant to Memdkreceives research funding from Gilead Sciergé€s
has served as a consultant to Gilead ScienceskiVind ViiV. KME has received research funding ¢oi
the University of Colorado) from Gilead Sciences] &as served as a consultant to Gilead Sciencks an

Theratechnologies.

Meetings: The data from this manuscript were preskin part at the"®Conference of the International AIDS

Society; Paris, France, July 2017

ABSTRACT

Background: Initial declines in bone mineral density (BMDJlIbwing antiretroviral therapy (ART) initiation
in HIV are well described, but data on long-ternamfpes and risk factors for decline, particularlyoam

women, are limited.

Methods: HIV-infected men and women in the Modena Metab@linic underwent dual-energy X-ray

absorptiometry (DXA) scans every 6-12 months fotafO years (median 4.6 years). Mixed effect regjon
model in combined and sex-stratified models deteechiannual rates of decline and clinical factosoaisted
with BMD. Models included demographics, HIV-specifactors, and bone-specific factors; a final model

added a sex*time interaction term.

Results: 839 women and 1759 men contributddDXA scans. The majority (82%) wetreb0 years old; 49%
had HIV-1 RNA <50 copies/mL at baseline; 15% of veanwere post-menopausal and 7% of men had

hypogonadism; 30% and 27%, respectively, had hep@tivirus co-infection. The adjusted slopes in[BM
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among women and men were significantly differeriath the femoral neck (women -0.00897 versus men -
0.00422 g/cm2/year; p<0.001) and L-spine (womed1-27 versus men -0.00763 g/cm2/year; p<0.001).
Modifiable risks associated with BMD decline inoclttlART exposure (greater decline with tenofovir
disoproxil fumarate, less decline with integrasarsd transfer inhibitor therapy), HCV, physicaliaity, and

vitamin D insufficiency.

Conclusions: Among HIV-infected individuals, bonendity at the femoral neck, a significant predictbr
fracture risk, declined twice as quickly among woangempared to men. Female sex was independently

associated with both lower femoral neck and lunid¥D over time in adjusted models.

Keywords: bone mineral density; HIV; aging; osteasis; hepatitis C virus; women

INTRODUCTION:

Early and universal initiation of antiretroviraleifapy (ART) among human immunodeficiency (HIV)-
infected adults has resulted in near normalizaticthe life expectancy of people living with HIV.
Consequently, there has been a marked reductidtD8-associated deaths, as well as in AIDS-related
malignancies, among other AIDS-associated conditiorrurthermore, the development of safer ART has
markedly reduced the complications of lipoatroghyperlipidemia, lactic acidosis, and renal disdasg often
complicated treatment in the early ART era. Desjhigse overall improvements, nearly all ART initattrials
demonstrated a decline in bone mineral density (BNiibst pronounced in the first 48-96 weeks aftaiting
ART?®®. HIV-infected men and women continue to remaiimateased risk for fractures during long-term

follow-up, due in part to continued low BMD, low @ quality’, and a high rate of fafis.



Data on long-term changes in BMD and clinical fagtihvat impact such changes, particularly among
women, are limited. Among 97 HIV-infected partiaips (86% men) on ART for at least 96 weeks, we doan
greater decline in lumbar spine BMD but not hip Bid@mpared to uninfected controls. Lean mass and
concomitant BMD-lowering medications but not HI\sasiated characteristics or ART were associateld wit
BMD decline in this cohort, an average of 7.5 ydaliswing ART initiation'®. A separate small study of 44
HIV-infected men with at least 3 months of ART, fola significantly greater increase in lumbar sfBiMD
over two years among HIV-infected men compared i-tthinfected controls (5.3 vs 0.3%) and, again, no
differences in BMD change at the total hip (-0.68toag HIV-infected vs -1% among HIV-uninfected men).
this cohort, BMD changes did not differ betweentipgrants with or without tenofovir disoproxil fumate
(TDF) usé’. A meta-analysis of studies with BMD measuremantsast 48 weeks apart found that BMD
tended to stabilize or even increase after theyiar of ART initiatiof. The European UPBEAT Study of 384
participants (46% HIV+, 61% men) contributed twdlmee BMD measurements over 3 years. The HIV-
infected participants had significant declinesambral neck and total hip BMD, but these changdsdt
differ significantly from HIV-uninfected control&dmong HIV-infected participants older than 30 yedrsing
Caucasian, and ART initiation within 3 months orARRT were associated with greater BMD declines in
multivariate modef€. Thus, the limited existing data suggests stedites of BMD change. However, these
studies are small and include few women. Theretbeegoals of the present study were to comparg-lerm
changes in BMD in a large cohort of HIV-infectedmand women and to determine sex-specific rislofact

for BMD decline.
METHODS:

The multidisciplinary Modena HIV Metabolic ClinisAHMC), at the University of Modena and Reggio
Emilia, Italy, was initiated in 2004 to assess rhetie changes among people with HIV and has besorited
elsewher®. Participants from the MHMC underwent dual-eneXgsay absorptiometry (DXA) scans

approximately every 6 to 12 months, beginning i@£20The current study is a longitudinal secondarglysis



of existing data. All participants with at leasDXA scans were included. In participants starting a
bisphosphonate, data was censored at the timespfidéphonate initiation. All procedures followeeravin
accordance with the ethical standards of ComitatmHEProvinciale di Modena and with the Helsinki

Declaration of 1975, as revised in 2000; all pgytints provided written, informed consent.

Data were collected from the MHMC electronic datghdata on age; sex; smaoking (number of
cigarettes/day); alcohol consumption (grams offat/day); physical activity (none, mild [<4 hourgekly],
intensive $4 hours weekly]); diabetes mellitus (based on msbrted physician’s diagnosis and/or use of anti-
diabetic medications); metabolic syndrome (diagdaszording to the clinical criteria proposed by MCEP-
Adult Treatment Panel fif, use of testosterone therapy; hypogonadism (difiseserum total testosterone
<300 ng/dL}> menopausal (defined as estradiol <30 pg/mL +cidkr stimulating hormone persistently>30
Ul/mL); HIV diagnosis date; risk factors for HIVamsmission; nadir CD4 T lymphocyte count; and
antiretroviral medications were collected from gai§ at enrollment using a structured questionn@ely
weight was measured using a digital scale to tlaease 0.1 kg with subjects wearing light clothethaut
shoes. Height was measured using a wall-mounteébstater to the nearest 0.1 cm. Measurements fity bo
weight and height were completed in triplicate gmelmean recorded. Body mass index (BMI) was ddfems

the weight (kilograms) divided by the height (msjesquared.

Blood was drawn from all subjects for determinatdinepatitis C virus (HCV) antibody (anti-HCV;
Abbott HCV EIA 3.0 enzyme immunoassay; Abbott Laiories), HIV RNA (Abbott RealTime™ HIV-1
assay; Abbott Laboratories; lower limit of detenti®0 copies/mL), CD4+ T lymphocyte count, and 25-
hydroxyvitamin D (DiaSorin 25-hydroxyvitamin D chéaminescence immunoassay; Stillwater, MN).
Vitamin D insufficiency was defined as 25-OH vitani) level < 30 ng/mL. BMD was measured by DXA at
the lumbar spine (L1-L4) and femoral neck. All papants were scanned using the same single demsito

(Hologic Discovery W, Inc., Waltham, MA). The instnent was calibrated daily with a hydroxyapatite



phantom. Thén vivo coefficients of variation of the DXA measuresta tumbar and femoral sites were less

than 2%.
Satistical Analyses

Descriptive statistics were used to characterizesdmple. To account for correlation within pasant
outcome measures, mixed effect regression modeks eveated assuming compound symmetry variance-
covariance structure for combined men and wometetermine the sex-adjusted effect, and then in sex-
stratified models to determine if factors that aseociated with lower BMD differ between men ananga.
Regression models with random intercept and slagre wdjusted for sex (for combined model), and the
following time-updated variables: time on studyyiBtotal duration of integrase strand transferiluitor
therapy (INSTI), total duration of TDF, age groupflve year increments compared to <35 years, regbrted
physical activity level as none, moderate, or vigis; hypogonadism or post-menopausal status, yistor
AIDS wasting, vitamin D insufficiency, HCV. Lastlwe tested the addition of a sex*time interactiemt to
derive slopes of change by sex. Additional vagalwere considered for inclusion, but either exatudue to
extent of missing data or lack of significance mvariable models (p>0.10) and included duratioABIT,
duration of HIV, CD4 T lymphocyte nadir, current CD& lymphocyte count, total exposure to protease
inhibitors (P1), nucleoside/nucleoctide reverse s@iptase inhibitor (NRTI), non-nucleoside reverse
transcriptase inhibitor (NNRTI), risk for HIV acaition, smoking (pack/year), metabolic syndromel an
diabetes. Stepwise (backward and forward) modetteh method was used in building final modelse Th
covariates identified in the combined model weredus the sex stratified models to examine thespeaigtion
to the outcomes Iin female and male separatelyalir%0.05 was considered statistically significamd all

analyses were conducted using SAS 9.4 (Cary, NC).



RESULTS:

At least 2 DXA scans were contributed by 839 woraed 1759 men (median number of scans 5 [IQR
3,7], with a median of 4.68 [IQR 2.13, 7.71] yeaf$ollow-up. All participants were Caucasian, tnajority
were< 50 years old (82%) and had HIV-1 RN#60 copies/mL (76%) at the initial assessment; %somen
and 27% of men had HCV co-infection. At baseliré, f men had hypogonadism and 15% of women were
post-menopausal, with 24% categorized as post-narsap during any point after baseline. Additional
baseline characteristics by sex are shown in ThblBaseline mean BMD was 1.138 (SD 0.120) for totaly,
0.833 (SD 0.153) at the femoral neck, and 1.055@3B8) at the lumbar spine; sex-specific measunésraae

shown in Table 1.

In combined mixed effect models, femoral but notthar spine BMD was significantly lower among
women than men (Table 2). Lower femoral neck BMB w0 associated with longer TDF exposure, older
age (ages 46-50, 51-55, or >55 vs <35 years), iftoegwrted physical activity, hypogonadism or post
menopausal status, vitamin D insufficiency, and HCohger duration of INSTI, greater BMI, and a hegh
viral load were associated with higher BMD. Asstiors with lower lumbar spine BMD were similar,
however, only ages 51-55 (vs < 35 years) weressially significant, and both no and moderateiftsnse)

physical activity were associated with low BMD (TaR).

When we introduced a sex*time interaction termhi® hodel, the adjusted slopes in BMD among
women and men were significantly different at b femoral neck (women -0.00897 [SE 8.85%1Mersus
men -0.00422 [SE 8.88xTPg/cnf/year; p<0.001) and L-spine (women -0.0127 [SE 7160] versus men -

0.00763 (SE 9.01x1Y) g/cnflyear; p<0.001); Figure 1.

Sex-stratified models (Tables 3 and 4) yielded lsimmesults with a few exceptions: among women,
metabolic syndrome was associated with lower lurspare BMD (estimate -0.0193, SE 0.0061, p=0.0025);
physical activity was not associated with lumbansmr femoral neck BMD. Among men, neither lumbar

spine nor femoral neck BMD was associated with HCV.



DISCUSSION

In a large cohort of HIV-infected men and womeriarg-term ART, BMD at both the femoral neck
and lumbar spine, a significant predictor of fraetrisk, declined twice as quickly among HIV-infedtwomen
compared to men, even after adjusting for otheagates. Notably, the majority of our study popioia were
less than 50 years old, and only 15% of female@paints were menopausal at baseline and 24% during
follow-up. Thus, with aging and menopause, the 0dMD decline among HIV-infected women is expekcte

to be even more pronounced, as suggested by otimsexifferences.

Few studies report long-term changes in BMD amohgiHfected persons, regardless of sex.
Compared to both HIV-infected and -uninfected papahs, our participants tended to have lower lasel
BMD, but a similar rate of annual decline. The UPHEstudy of 384 HIV-infected and 474 HIV-uninfected
(176 and 210 with multiple DXA scans; median age/@&rs, 39% women) reported a median baseline BMD o
1.024 and 1.055 g/chat the femoral neck and 1.164 and 1.238 gfnthe lumbar spif& Annual decreases
of -0.0063 g/crhat the femoral neck and 0.0024 gfaan the lumbar spine for HIV-infected participantsre
not significantly different from HIV-uninfected ctmls. Sex-specific rates of decline were not réegar
although adjustment for sex minimally affected sasédecliné®. In the ACTG study A5318, 83 men and 14
women had a DXA scan at ART initiation, 96 weekd approximately 7.5 years following ART initiatidn
From baseline to week 96, hip BMD decreased by%/$6éar and lumbar spine by 0.76%/year, slowing to -
0.31%/year and -0.25%l/year, respectively, afterkv@&e With a small proportion of women, this studgked
statistical power to compare sex-specific rate MiCBchange in a meaningful way. Among participantthe
Women'’s Interagency HIV Study (WIHS), BMD declinasvsimilar among pre-menopausal women regardless
of HIV status, and accelerated among HIV-infecteduninfected post-menopausal worfetmportantly, a
markedly increased fracture risk was also descrimedng post- versus pre-menopausal HIV-infected evotn
21 Rates of decline among post-menopausal womea siilar but slightly smaller than changes obsgive

females in our cohort (LS: -0.010 and FN -0.687)



Our large sample size allowed us to explore theashpf risk factors on BMD changes, and contrast
these effects by sex. Several findings with theemttal to impact clinical care should be emphasizirst,
age-associated changes in BMD were most pronoundieding age 45, even after adjusting for post-
menopausal or hypogonadal state, supporting threriui 1V guidelines to screen for BMD starting ge&G2
Next, a protective effect of INSTI therapy (neaghtirely raltegravir use in this cohort) was appasmong
both men and women, and has been demonstratedtipleprior studies with raltegravir initiation or
switch*#*?*and in limited data with other INSTR?’. Third, the effect of HCV.on BMD was similar tiat of
5 additional years of aging, and was most signifieganong the women, as has been reported in prior
studie$®?° HCV is increasingly recognized as an independsktfactor for low BMD, with rates of
osteoporosis among HCV-monoinfected individualgnag 14-28%, and greater losses in BMD seen with
increasing liver disease seveffty. A recent meta-analySfsfound a 1.63 greater odds of osteoporosis with
HCV/HIV co-infected vs HIV infection alone, and &7 greater odds for fracture with HCV/HIV co-infien
vs HIV infection alone. The impact of direct-ac¢tiCV therapies on BMD after eradication of HCV are
currently not known, but may prove to be an efiec(albeit costly) treatment intervention to preseBMD

with aging, particularly among HIV/HCV co-infectetbmeri®.

The protective effects of increased BMI and detritakeffect of AIDS wasting were expectédl: and,
in our cohort, were independent of a protectiveafbf moderate or vigorous physical activity. &=V prior
studies among HIV-infected adults have demonstrétatlean body mass is the BMI component withriiost
protective effect on BMB*. Notably, although physical activity is a welkaslished intervention to attenuate
bone loss with aging, regular physical activitytfwihe exceptions of high-intensity loading or sémnce
exercise) seldom reverses BMD loss, especially gnpmst-menopausal women or hypogonadal fiewe do
suspect that the association with metabolic syndrbuat not physical activity among the women and the
opposite among men may reflect co-linearity witbsi variables, such that metabolic syndrome effeets
attenuated by exercise among the men. Our findimgeater BMD with higher HIV-1 RNA likely reflects

greater BMD seen prior to ART initiation. Lastthie loss of an age-association among men at thieduspine
9



and loss against some age categories at the fespna is notable, and emphasizes that much aidke
associated declines in this population is explaimedhanges that occur in the women, likely driviarpart, by

the menopausal transition period.

Several important strengths and limitations ofdhalysis should be recognized. Foremost, the large
number of participants, with nearly 50% women,ddition to the extent of DXA follow-up, surpasses/a
prior published data on BMD trajectories among Hitfected adults. The Modena Cohort is, howeveargd
clinical database, and is subject to missing datbvariability in timing and frequency of DXA astanment.
The cohort reflects the racial/ethnic backgrounttaf/, and may not be generalizable to more dizers
populations. Surprisingly low rates of alcohol ns&y suggest underreporting of some substanceshwiagy
have limited our ability to detect additional impat associations with BMD. Lastly, without an HIV
uninfected comparison group, we cannot determinetivgr the slopes that we found are accelerated or

consistent with normal aging.

In the largest and longest study of BMD changesrajitlV-infected men and women to date, we have
found nearly double the rate of BMD decline amony+#hfected women compared to HIV-infected men,hwit
rates of BMD decline among HIV-infected men mirngifindings of smaller, previously published cokrt’.
Our results highlight BMD losses among women, irahejent of menopause, effects that require future
consideration with ART selection, particularly whenoritizing switch from TDF to tenofovir alafenaae.
Several modifiable risk factors provide potentalgets for intervention to slow decline includingatment of
HCV, treatment of vitamin D deficiency, consideoatifor hormone replacement if the benefits outweigh
risks, augmenting a low BMI, and moderate to vigsractivity, likely including resistance training.
Importantly, low BMD is one of several risk factdos fracture. Therefore, the interventions likeébyhave the
greatest impact in this aging population are thibaéboth attenuate BMD losses and minimize fractigk

through reduced faff&
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Figure Legend:

Figure 1. Estimated change in femoral neck BMD gAjl lumbar spine BMD (B) among females (solid line)

and males (dashed line) from linear mixed models.
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Table 1. Characteristics of the Study Population at Time of First Bone Density

Assessment (Baseline)

Baseline Characteristics

Women (N=839)

Men (N=1759)

N (%) or Median (IQR)

Age >55 years
51-55 years
46-50 years
41-45 years
35-40 years

<35 years

Body mass index (median, IQR)

Smoking (pack years median, IQR)

Physical activity

None

Moderate

Vigorous
Post-Menopausal
Hypogonadism
Metabolic Syndrome
Hepatitis C Virus
Vitamin D Insufficiency
History of AIDS Wasting
CD4 Nadir <200 cells/pL
HIV-1 VL <50

37 (4)

71 (9)

183 (22)

303 (36)

182 (22)

63 (8)
21.6 (20.0, 24.1)
10.0, (1.1, 20.0)

577(69)
184 (22)
44 (5)
124 (15)
84 (10)
250 (30)
414 (49)
113 (13)
448 (53)
646 (77)

166 (9)
197 (11)
450 (26)
536 (31)
265 (15)
145 (8)
23.5(21.6, 25.5)
12.5 (0, 25.0)

1020 (58)
438 (25)
224 (13)
124 (7)
144 (8)
468 (27)
831 (47)
81 (5)
856 (49)
1319 (75)




ART duration (years)
TDF use

INSTI use

Total BMD

Femoral Neck BMD
Lumbar Spine BMD

9.6 (5.6, 13.1)
538 (64)
70 (8)
1.009 (0.116)
0.816 (0.154)
1.057 (0.170)

8.3 (3.4, 12.0)
1144 (65)
129 (7)
1.162 (0.115)
0.842 (0.152)
1.054 (0.167)

BMD, bone mineral density; Vitamin D insufficiency <30 ng/mL; TDF, tenofovir disoproxil fumarate; INSTI, integrase strand transfer

inhibitor



Table 2. Effect of Clinical Characteristics on Femoral Neck or Lumbar Spine Bone Mineral Density (g/cm?)

Baseline Characteristics

Femoral Neck

Lumbar Spine

Estimate SD P value | Estimate SD P value
Women (vs Men) -0.0353 0.0052 <0.001 NS NS NS
Body mass index 0.00487 4.7x10* <0.001 0.00257 4.8x10* <0.001
INSTI exposure (years) 0.00003 5.4x10° <0.001 | 0.000027 5.3x10° <0.001
TDF exposure (years) -0.00284  0.00047 <0.001 | -0.00295 0.00048 <0.001
Age > 55 years (vs <35) -0.0522 0.012 <0.001 -0.0187 0.015 0.21
51-55 years (vs <35) -0.0481 0.012 <0.001 -0.0354 0.014 0.012
46-50 year (vs <35) -0.0330 0.010 0.001 <0.0175 0.012 0.15
41-45 year (vs <35) -0.0078 0.0098 0.42 0.00664 0.012 0.57
35-40 year (vs <35) -0.00336 0.0103 0.75 0.0165 0.013 0.19
No PA (vs intense) -0.00632 0.0029 0.031 -0.00893 0.0029 0.002
Moderate PA (vs intense) | -0.00071 0:0028 0.80 -0.00556 0.0028 0.046
Hypogonadism (M) or -0.0322 0.0036 <0.001 -0.0460 0.0036 <0.001
Post-Menopausal (F)
Hx of AIDS Wasting -0.0285 0.0047 <0.001 -0.0189 0.0048 <0.001
HIV-1 VL 2 50 copies 0.0579 0.0020 <0.001 0.0581 0.0019 <0.001
Vitamin D Insufficiency -0.0152 0.0025 <0.001 -0.0119 0.0025 <0.001




Hepatitis C -0.0130 0.0052 0.012 -0.0174 0.0063 0.006

SD, standard deviation; INSTI, integrase strand transfer inhibitor; TDF, tenofovir disoproxil fumarate; PA, physical activity; VL, viral
load



Table 3. Effect of Clinical Characteristics on Femoral Neck Bone Mineral Density (g/cm?), in Sex-Stratified Models

Baseline Characteristics Women: Femoral Neck Men: Femoral Neck
Estimate SD P value | Estimate SD P value
Body mass index 0.0054 7.8x10*  <0.001 0.0055 5.5x10™ <0.001
INSTI exposure (years) 0.00003  1.1x10°® 0.012 0.00003 6.0x10° <0.001
TDF exposure (years) -0.0032 0.0084 <0.001 -0.0026 0.00054 <0.001
Age > 55 years (vs <35) -0.116 0.026 <0.001 -0.045 0.015 <0.001
51-55 years (vs <35) -0.088 0.022 <0.001 -0.037 0.013 0.004
46-50 year (vs <35) -0.049 0.018 0.006 -0.028 0.011 0.009
41-45 year (vs <35) -0.011 0.017 0.53 0.012 0.011 0.30
35-40 year (vs <35) -0.0049 0.018 0.78 0.0072 0.012 0.54
No PA (vs intense) -0.0089 0.003 0.0027
Moderate PA (vs intense) -0.0023 0.003 0.45
Hypogonadism (M) or -0.0288 0.0050 <0.001 -0.024 0.005 <0.001
Post-Menopausal (F)
Hx of AIDS Wasting -0.0242 0.0063 <0.001 -0.023 0.007 0.001
HIV-1 VL 2 50 copies 0.065 0.0034 <0.001 0.055 0.002 <0.001
Vitamin D Insufficiency -0.011 0.0044 0.014 -0.0119 0.002 <0.001
Hepatitis C -0.029 0.0087 <0.001

SD, standard deviation; INSTI, integrase strand transfer inhibitor; TDF, tenofovir disoproxil fumarate; PA, physical activity; VL, viral
load



Table 4. Effect of Clinical Characteristics on Lumbar Spine Bone Mineral Density (g/cm?), in Sex-Stratified Models

Baseline Characteristics Women: Lumbar Spine Men: Lumbar Spine
Estimate SD P value | Estimate SD P value

Body mass index 0.0048 0.0008 <0.001 0.0019 5.6x10™ <0.001
INSTI exposure (years) 0.00004 1.0x10° <0.001 | 0.000018 5.8x10° 0.002
TDF exposure (years) -0.0031 0.0009 <0.001 -0.0031 0.0005 <0.001
Age > 55 years (vs <35) -0.139 0.031 <0.001

51-55 years (vs <35) -0.090 0.026 <0.001

46-50 year (vs <35) -0.051 0.021 0.016

41-45 year (vs <35) -0.0009 0.020 0.97

35-40 year (vs <35) 0.013 0.021 0.54
Metabolic Syndrome -0.019 0.006 0.0025
No PA (vs intense) -0.011 0.003 <0.0001
Moderate PA (vs intense) -0.0068 0.003 0.026
Hypogonadism (M) or -0.033 0.005 <0.001 -0.044 0.005 <0.001
Post-Menopausal (F)
Hx of AIDS Wasting -0.028 0.007 <0.001
HIV-1 VL 2 50 copies 0.063 0.003 <0.001 0.055 0.002 <0.001
Vitamin D Insufficiency -0.020 0.005 <0.001 -0.014 0.003 <0.001




Hepatitis C -0.032 0.010 0.0022

SD, standard deviation; INSTI, integrase strand transfer inhibitor; TDF, tenofovir disoproxil fumarate; PA, physical activity; VL, viral
load
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