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Background.  We previously reported lower bone mineral density (BMD) among premenopausal women with HIV (WWH) 
compared to women without HIV (HIV−). Rate of bone loss may be even greater for WWH during the menopausal transition.

Methods.  Pre-, peri- and postmenopausal women in the Women's Interagency HIV Study (WIHS) underwent whole body 
DXA and central quantitative computed tomography to measure areal BMD (aBMD) and volumetric BMD (vBMD), respectively. 
Multivariable regression models with covariates associated with low aBMD (T score < −1.0) in univariate analyses (P ≤ .05) and 
known risk factors for low BMD assessed contributions of HIV and menopausal stage to the prediction of aBMD.

Results.  Compared to HIV− women, in unadjusted analyses, WWH had 5–9% lower aBMD at the lumbar spine (P =  .001), 
femoral neck (P = .04), total hip (P = .003) and the ultradistal radius (P = .004), and higher osteoporosis prevalence (T score < −2.5) 
at the ultradistal radius only (13.5% vs 0%, P = .0003). WWH also had lower vBMD at the spine and hip. In fully adjusted models, 
HIV independently predicted reduced aBMD at the lumbar spine, total hip, femoral neck, and ultradistal radius; menopausal stage 
remained a significant predictor of lumbar spine and ultradistal radius aBMD.

Conclusions.  HIV infection and menopausal stage were independent predictors of lower BMD, and had an additive effect on 
lumbar spine and total hip BMD. Additional research is needed to better understand underlying mechanisms by which HIV impacts 
BMD as women age and transition through menopause, and develop strategies to mitigate osteoporosis and fracture risk in this 
growing population.
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With successful antiretroviral therapy (ART), women with 
human immunodeficiency virus (HIV; WWH) are increasingly 
transitioning through menopause and surviving into older 
age. Menopause is marked by estrogen depletion and accel-
erated bone loss, ultimately leading to musculoskeletal senes-
cence, including clinical features of frailty, falls, and fractures 
[1, 2]. Menopause is associated with increased production of 
bone-resorbing cytokines such as receptor activator of nuclear 
factor-κB ligand (RANKL) and tumor necrosis factor α (TNF-
α) [3]. Moreover, T cells are now thought to play a fundamental 
role in the mechanisms by which estrogen deficiency causes 
early postmenopausal bone loss [4, 5]. Since HIV infection is 
associated with persistent T-cell activation as well as increased 
production of RANKL and TNF-α [6, 7], the adverse skeletal 

effects of estrogen deficiency may be exacerbated in WWH, 
particularly as they transition through menopause.

Our previous analyses of premenopausal women in the 
Women’s Interagency HIV Study (WIHS) found lower bone 
mineral density (BMD) among WWH than women without 
HIV; however, serum proinflammatory cytokines, bone re-
sorption markers, and rate of bone loss did not differ signifi-
cantly by HIV status [8]. In contrast, a separate study found that 
postmenopausal WWH had higher rates of bone loss as well 
as higher serum levels of bone resorption markers and TNF-α 
than postmenopausal women without HIV; higher serum 
TNF-α level was also associated with low BMD [9, 10].

Estrogen downregulates T-cell activation and mitigates 
the effects of T-cell–derived, proinflammatory cytokines on 
osteoclast-mediated bone resorption [1]. We therefore hypothe-
sized that estrogen attenuates the adverse skeletal effects of HIV 
infection in premenopausal women [11] and that the combined 
effects of declining estrogen levels and persistent inflammation 
associated with HIV infection accelerates bone remodeling and 
bone loss during the menopausal transition to a greater extent 
in WWH.
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METHODS

Participants

Participants were enrolled in a Musculoskeletal Study (MSK) 
during 2012–2016 nested in the WIHS, an ongoing, prospec-
tive cohort study of cis-gender women with HIV and demo-
graphically similar women without HIV who were initially 
enrolled in 1994–1995 at 6 sites nationally (Bronx/Manhattan, 
New York; Brooklyn, New York; Chicago, Illinoic; Washington, 
DC; San Francisco, California; and Los Angeles, California), 
with additional enrollment in 2001–2002 and 2011–2012 [12]. 
Women’s Interagency HIV Study semiannual visits included an 
interviewer-administered structured questionnaire, physical 
examination, and collection of specimens for laboratory testing.

The MSK enrolled 252 pre-, peri-, and postmenopausal 
WIHS participants aged 40–60 years with HIV (65%, n = 164) 
and current CD4 >100 cells/μL on ART for more than 1 year 
and those without HIV (35%, n = 88) from 3 WIHS sites (San 
Francisco, Bronx, and Chicago), with similar age, ethnicity, and 
risk behaviors by HIV serostatus [13]. The MSK exclusion cri-
teria included weight greater than 264 pounds, height more 
than 6’1” (per dual-energy X-ray absorptiometry [DXA] lim-
itations), currently pregnant or lactating, postpartum within 
6 months, estimated glomerular filtration rate less than 60 mL/
minute, and ever use of bisphosphonates, hormone replacement 
therapy or hormonal birth control within 3 months, and growth 
hormone or glucocorticoid use within 12 months. A total of 244 
participants with complete DXA data were included in analysis. 
The institutional review boards of all participating institutions 
approved WIHS and MSK study protocols, and all participants 
provided written informed consent.

Menopausal Stages/Status

Menopausal stages were defined using SWAN (Study of 
Women’s Health Across the Nation) study criteria [14]: early 
perimenopause (at least 1 menstrual period in the last 3 months 
with some change in the regularity over last 12 months), late 
perimenopause (no bleeding in 3–11 of the last 12 months), 
or early postmenopausal (no bleeding for >1 but <5 years). 
Because the rate of bone loss is similar in premenopause and 
early perimenopause, but lower in late perimenopause and early 
postmenopause [14], we dichotomized menopausal compar-
ison groups as premenopause and early perimenopause versus 
late perimenopause and early postmenopause.

Dual-Energy X-ray Absorptiometery

Participants underwent whole-body DXA to measure areal 
BMD (aBMD) at 5 sites (lumbar spine, total hip, femoral neck, 
1/3 distal radius, and ultradistal radius) and appendicular lean 
mass and total lean mass. DXA scans were performed using 
Lunar Prodigy densitometers (GE Medical Systems, Madison 
WI) at all study sites and read centrally at the Image Analysis 
Lab (New York, NY). Short-term in vivo precision met standards 

specified by the International Society for Clinical Densitometry. 
T scores, which compare subjects with the peak bone mass of 
young individuals of the same sex and race, were derived for the 
hip from the third National Health and Nutrition Examination 
Survey (NHANES-III) and the manufacturer’s normative da-
tabase. Osteoporosis and osteopenia were defined by World 
Health Organization criteria: T scores less than −2.5 represent 
osteoporosis; T scores between −1.0 and −2.49 represent osteo-
penia [15]. Height and weight were measured by a Harpenden 
stadiometer and Detecto balance beam scale, respectively.

Quantitative Computed Tomography of the Hip and Spine

DXA measures of aBMD may be artifactually increased by ad-
ipose tissue absorption of x-rays, especially in obese individ-
uals [16]. Central quantitative computed tomography (cQCT) 
was utilized to measure volumetric BMD in MSK participants 
between January 2012 and April 2016. Participants underwent 
helical (pitch = 1) cQCT scanning of the proximal femur and 
spine (L1–L2) at 80 kVp, 2.5-mm slice thickness (GE CTi and 
GE Light Speed VCT 64; General Electric Medical Systems, 
Milwaukee WI) with a calibration phantom (3-Bar; Image 
Analysis, Columbia, KY) used to calibrate cQCT images to an 
equivalent concentration of calcium hydroxyapatite. QCT PRO 
Bone Investigational Toolkit software (v2; Mindways, Austin, 
TX) was used to compute total (integral) volumetric density 
of the proximal femur and total volumetric density of lumbar 
spine vertebrae (L1–L2) [17]. Additional structural data from 
cQCT analyses are presented separately.

Laboratory Methods

Fasting morning serum stored at −80°C was batch-analyzed 
the Irving Institute Biomarkers Core at Columbia University 
Irving Medical Center. We measured 25(OH)D2 and 25(OH)
D3 by liquid chromatography–tandem mass spectrom-
etry, intact parathyroid hormone by radioimmunoassay 
(RIA; Scantibodies, Santee, CA), N-terminal propeptide of 
procollagen type 1 (P1NP; Immunodiagnostic Systems [IDS], 
Scottsdale, AZ) by RIA, C-telopeptide (CTX; IDS) by enzyme-
linked immunosorbent assay (ELISA), TNF-α (R&D Systems, 
Minneapolis, MN) by ELISA, high-sensitivity interleukin-6 (IL-
6; R&D Systems) by ELISA, follicle-stimulating hormone (FSH; 
Siemens Healthcare, Los Angeles, CA) by immunoassay, estra-
diol (Siemens Healthcare) by immunoassay, osteoprotegerin 
(OPG; Biomedica, Vienna, Austria) by ELISA, and RANKL 
(Immundiagnostik, Bensheim, Germany) by ELISA. Except for 
25(OH)D, biomarkers were measured in duplicate and values 
averaged for analysis.

Statistical Analysis

The primary outcome comparisons were DXA-derived aBMD 
at each of 5 sites (lumbar spine, total hip, femoral neck, 1/3 
distal radius, and ultradistal radius) by HIV serostatus without 
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adjustment for testing multiple outcomes. Continuous variables 
were examined for normality; RANKL was log-transformed 
due to right skewness. Between-group differences in categorical 
measures were assessed with Fisher’s exact test. Spearman’s and 
Pearson’s correlation coefficients were calculated for contin-
uous measures. Data are presented as means + standard errors 
unless otherwise noted. P values less than .05 were considered 
statistically significant.

Univariate associations of demographic, anthropometric, 
reproductive, medical, and lifestyle variables with aBMD at 
each site were examined to identify variables associated with 
low aBMD/osteopenia (T score  <  −1.0). Statistically signifi-
cant (P  ≤  .05) variables were entered into a multiple regres-
sion model along with HIV and menopausal status, to assess 
the contribution of HIV and menopausal status on aBMD after 
accounting for other known risk factors for low BMD, and to 
assess for interaction (SAS Proc REG; SAS Institute, Cary, NC). 
Final multivariate models adjusted for body mass index (BMI), 
race/ethnicity, hepatitis C virus (HCV), diabetes mellitus, heavy 
alcohol use, cigarette smoking, and WIHS site. Bone turnover 
markers and cytokine levels were evaluated as modifiers of the 
association of HIV status with aBMD at each site. We next con-
structed multiple regression models with CT-measured vBMD 
at total hip and lumbar spine (L1 and L2) as outcomes, using 
the same statistical approach, as a means to confirm findings 
of aBMD.

RESULTS

Characteristics of the Study Population

Among WWH, the mean age was 50 years; 65% were African 
American, 19% Hispanic, and 16% White; 45% were obese 
(BMI ≥30  kg/m2); and 36% were premenopausal/early peri-
menopausal and 64% were late peri-/postmenopausal (Table 
1). Women with HIV had a mean CD4+ cell count of 576 + 
270 cells/mm3, and 58% had HIV RNA levels below the limit of 
detection; mean ART duration was 9 years. Most WWH were 
on protease-inhibitor (49%) or non-nucleoside reverse tran-
scriptase inhibitor–containing regimens (46%); 51% were on 
tenofovir (TDF)-containing regimens. Women without HIV 
were similar to those with HIV in terms of age, race, BMI, 
menopausal status, opioid use, and prevalence of diabetes, 
HCV, renal insufficiency, prior fracture, and glucocorticoid 
use. Women with HIV were less likely to be current smokers 
(49% vs 65%; P = .01) and more likely to take calcium supple-
mentation (12% vs 1%; P = .004) than women without HIV.

Calciotropic Hormones, Bone Turnover Markers, and Cytokine Levels

Serum 25(OH)D levels were higher in WWH than in women 
without HIV (Table 1); however, prevalence of severe vitamin 
D deficiency (<10 ng/mL) did not differ (16% WWH vs 11% 
HIV−; P = .28). Serum bone turnover marker levels (CTX and 

P1NP) were higher in WWH than in women without HIV 
(Table 1). There was a trend towards higher serum TNF-α levels 
in WWH than in women without HIV, but IL-6, RANKL, and 
OPG levels did not differ by HIV status (Table 1). We found 
no statistically significant associations with levels of TNF-α, 
RANKL, or OPG with BMD in regression analyses, or between 
RANKL-to-OPG ratio and BMD at any site (data not shown).

Areal Bone Mineral Density

Compared with women without HIV, in unadjusted analyses, 
WWH had 5–9% lower aBMD at the lumbar spine (P = .001), 
femoral neck (P = .04), total hip (P = .003), and the ultradistal 
radius (P = .004) (Table 2), but 1/3 distal radius aBMD did not 
differ by HIV serostatus. T scores were lower in WWH than in 
women without HIV at all sites by 0.4 to 0.8 standard deviations 
(SDs), with the largest between-group difference observed at 
the lumbar spine. All P values were less than .01 including for 
1/3 distal radius. Prevalence of osteoporosis (T score  <  −2.5) 
was low and was significantly higher in WWH than in women 
without HIV only at the ultradistal radius (13.5% vs 0%; 
P = .0003). Prevalence of low BMD/osteopenia (T score < −1.0) 
was significantly higher in WWH than in women without HIV 
at every site (Table 2).

Volumetric Bone Mineral Density

In unadjusted analyses of CT-derived volumetric BMD (vBMD), 
WWH had significantly lower vBMD (mean ± SD) compared 
with women without HIV at the L1 lumbar spine (173.2 ± 46.1 
vs 157.2  ±  41.8; P  =  .019), L2 lumbar spine (168.7  ±  43.6 vs 
155.3 ± 41.9; P = .30), and total hip (355.9 ± 58.9 vs 331.1 ± 61.9; 
P = .035) (Table 2).

Determinants of Areal Bone Mineral Density Among Women With and 
Without HIV

We examined the impact of HIV and menopausal status on 
aBMD, and they appeared to be additive at the lumbar spine 
and total hip, with the lowest T scores in the HIV+ late pe-
rimenopause/early postmenopause group and the highest T 
scores in the HIV− premenopause/early perimenopause group 
(Figure 1). Next, we used regression analysis to assess whether 
HIV status and menopausal status remained independent pre-
dictors of aBMD after adjustment for known determinants of 
aBMD. After adjustment for race, BMI, WIHS site, smoking, 
alcohol use, diabetes, and HCV antibody status, HIV re-
mained an independent predictor of reduced aBMD at the 
lumbar spine, total hip, femoral neck, and ultradistal radius; 
menopausal status also remained an independent predictor of 
lumbar spine aBMD and ultradistal radius aBMD (Table 3). To 
further clarify the role of HIV and menopause, we examined 
multivariate models with combined categories for HIV and 
menopausal status. Our findings suggested a cumulative effect 
at the lumbar spine and total hip, with significant differences 
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Table 1.  Women’s Interagency HIV Study Musculoskeletal Study Participant Characteristics

Clinical Characteristics HIV− (n = 86) HIV+ (n = 158) P

Age, years 49 ± 6 50 ± 5 .26

Race/ethnicity .55

  White 11 (13%) 25 (16%)
  Black 62 (72%) 103 (65%)
  Hispanic/other 13 (15%) 30 (19%)
WIHS site .92
  Bronx 32 (37%) 60 (38%)
  San Francisco 37 (43%) 64 (41%)
  Chicago 17 (20%) 34 (21%)
BMI .31
  18.0–24.9 kg/m2 16% 23%
  25.0–29.9 kg/m2 30% 33%
  >30 kg/m2 54% 45%
Menopausal status .91
  Premenopause 20 (23%) 34 (22%)
  Early perimenopause 13 (15%) 22 (14%)
  Late perimenopause 12 (14%) 19 (12%)
  Postmenopause 41 (48%) 83(52%)
Smoking status .01
  Never 13 (15%) 20 (13%)
  Past 17 (20%) 60 (38%)
  Current 56 (65%) 78 (49%)
Alcohol >12 drinks/wk 12 (14%) 13 (8%) .16
Injection drug use at index visit 1 (1%) 3 (2%) .67
Opiate use at index visit 2 (2%) 2 (2%) .53
Cocaine use at index visit 8 (9%) 3 (2%) .008
Diabetes 24 (28%) 45 (28%) .92
Hepatitis C infection (RNA+) 19 (22%) 41 (26%) .50
eGFR <60 cc/minutes 2 (2%) 8 (5%) .30
Prior fracture before index visit 16 (19%) 30 (19%) .94
Glucocorticoid use at index visit 15 (17%) 27 (17%) .94
Calcium supplement at index visit 1 (1%) 18 (12%) .004
Vitamin D supplement at index visit 11 (13%) 36 (23%) .06
HIV parameters
  Current CD4 at index, cells/mm3 NA 576 ± 270 NA
  Undetectable HIV RNA at index (<50 copies/mL) NA 103 (65%) NA
Antiretroviral use
  Cumulative years of ART NA 9.0 ± 5.7 NA
  Cumulative years of TDF NA 3.5 ± 3.6 NA
  TDF use at index visit NA  81 (51%) NA
  NRTI use at index visit NA 151 (96%) NA
  PI use at index visit NA 77 (49%) NA
  NNRTI use at index visit NA 73 (46%) NA
  INSTI use at index visit NA 18 (12%) NA
Biochemical markers
  Estradiol, pg/mL 79.8 ± 59.5 74.8 ± 65.4 .29
  25-Hydroxyvitamin D, ng/mL 20.8 ± 11.1 25.4 ± 13.3 .009
  CTX, median (IQR), ng/mL 0.25 (0.15, 0.39) 0.31 (0.22, 0.45) .01
  P1NP, median (IQR), ng/mL 45.5 (34.3, 59.7) 53.3 (39.6, 75.5) .005

  TNF-α, median (IQR), pg/mL 1.17 (0.87, 1.53) 1.27 (0.93, 1.71) .07

  IL-6, median (IQR), pg/mL 3.47 (2.01, 5.37) 2.70 (1.68, 4.85) .18
  RANKL, median (IQR), pg/mL 462 (370, 30 038) 662 (370, 30 000) .85
  OPG, median (IQR), pmol/mL 6.36 (4.73, 8.48) 6.52 (4.77, 8.87) .57
Body composition by DXA
  Total body fat, kg 31.2 ± 11.3 31.1 ± 11.4 .89
  Trunk fat, kg 17.3 ± 6.6 16.9 ± 6.5 .45
  Total body lean mass, kg 42.9 ± 5.6 43.0 ± 6.2 .90
  Lower extremity lean mass, kg 14.5 ± 2.1 14.3 ± 2.4 .65

Data are presented as mean ± SD or n (%) unless otherwise noted. Abbreviations: AMH, anti-Müllerian hormone; ART, antiretroviral therapy; BMI, body mass index; CTX, C-terminal telopeptide 
of type 1 collagen; DXA, dual-energy X-ray absorptiometry; eGFR, estimated glomerular filtration rate; HIV, human immunodeficiency virus; IL-6, interleukin-6; INSTI, integrase strand transfer 
inhibitor; IQR, interquartile range; NA, not applicable; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; OPG, osteoprotegerin; PI, protease 
inhibitor; P1NP, procollagen type 1 N propeptide; RANKL, receptor activator of nuclear factor–κΒ ligand; TDF, tenofovir; TNF-α, tumor necrosis factor α; WIHS, Women’s Interagency HIV Study.
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Table 2.  Bone Mineral Density Among Women With and Without HIV

DXA Parameters HIV− (n = 86) HIV+ (n = 158) P 

Areal BMD, mean ± SD, g/cm2

  Lumbar spine 1.30 ± 0.21 1.20 ± 0.19 .001

  Femoral neck 1.15 ± 0.18 1.09 ± 0.17 .04

  Total hip 1.09 ± 0.17 1.01 ± 0.15 .003

  1/3 Distal radius 0.84 ± 0.11 0.81 ± 0.14 .20

  Ultradistal radius 0.46 ± 0.07 0.42 ± 0.09 .004

Areal BMD T scores (mean ± SD)

  Lumbar spine 0.94 ± 1.76 0.16 ± 1.58 .002

  Femoral neck 0.08 ± 1.32 −0.40 ± 0.99 .009

  Total hip 0.62 ± 1.32 0.05 ± 1.20 .004

  1/3 Distal radius 0.20 ± 0.92 −0.21 ± 1.24 .006

  Ultradistal radius 0.46 ± 1.46 −0.46 ± 1.85 .0004

Osteoporosis (T score < −2.5), n (%)

  Lumbar spine 2 (2.4%) 7 (4.6%) .50

  Femoral neck 0% 2 (1.3%) .55

  Total hip 0% 2 (1.3%) .54

  1/3 Distal radius 1 (1.4%) 7 (4.7%) .27

  Ultradistal radius 0% 20 (13.5%) .0003

 Low BMD (T score < −1.0),a n (%)

  Lumbar spine  7 (8.5%)  35 (22.9%) .007

  Femoral neck  12 (14.8%)  45 (29.4%) .02

  Total hip  7 (8.6%)  31 (20.4%) .03

  1/3 Distal radius  7 (9.5%)  33 (22.3%) .025

  Ultradistal radius  11 (14.9%)  58 (39.2%) .0002

CT parameters: volumetric BMD, mean ± SD, g/cm3

  Lumbar spine (first vertebral body) 173.2 ± 46.1 157.2 ± 41.8 .02

  Lumbar spine (second vertebral 
body)

168.7 ± 43.6 155.3 ± 41.9 .03

  Total hip 355.9 ± 58.9 331.1 ± 61.9 .04

Abbreviations: BMD, bone mineral density; CT, computed tomography; DXA, dual-energy X-ray absorptiometry; HIV, human immunodeficiency virus.
aReflects both osteopenia and osteoporosis.

Figure 1.  Association of HIV and menopausal status with low BMD. Abbreviations: BMD, bone mineral density; HIV, human immunodeficiency virus.
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between groups by HIV and menopausal status (Figure 1). 
There was no statistically significant interaction between men-
opausal status and HIV at any aBMD site, although the study 
was not adequately powered to detect an interaction between 
menopause and HIV.

Determinants of Volumetric Bone Mineral Density Among Women With 
and Without HIV

In multivariable models of vBMD, after adjustment for race, 
BMI, WIHS site, smoking, alcohol use, diabetes, and HCV 
status, HIV serostatus remained an independent predictor of 
reduced vBMD at L1, L2, and total hip (all P  <  .05) (Table 
4). Menopause status was significantly associated with lower 
lumbar spine vBMD at both L1 and L2 but was not inde-
pendently statistically associated with total hip vBMD. Other 
factors independently associated with reduced vBMD in 
multivariable models included race (at the total hip) and HCV 
(at L1 lumbar spine); BMI was not independently associated 
with vBMD.

Determinants of Areal Bone Mineral Density Among Women With HIV Only

In univariate analyses, among the subset of WWH there were 
no significant associations between aBMD at any of 5 sites 
(lumbar spine, total hip, femoral neck, 1/3 distal radius, and 
ultradistal radius) with current or nadir CD4 count, current 
HIV plasma RNA level, prior AIDS-defining illness, or ART 
class (either current or cumulative use). In univariate models, 
only cumulative TDF use was significantly associated with re-
duced aBMD (P  =  .03 at the 1/3 distal radius and ultradistal 
radius) and approached significance at the lumbar spine 
(P = .059). In multivariable models adjusting for race/ethnicity, 
menopausal status, BMI, smoking status, heavy alcohol use, 
HCV seropositivity, and diabetes, cumulative TDF use was no 

longer statistically associated with aBMD at any of the 5 sites 
(data not shown).

DISCUSSION

Women with HIV had lower BMD at the spine, hip, and radius 
when compared with women without HIV, with the greatest 
between-group difference observed at the spine. HIV seroposi-
tivity and postmenopausal status had independent negative ef-
fects on BMD, particularly at the spine and the total hip where 

Table 3.  Factors Associated With Areal Bone Mineral Density Among Women With and Without HIV Measured by Dual-Energy X-ray Absorptiometry

 
Lumbar Spine Coef-

ficient (95% CI) 
Total Hip Coefficient 

(95% CI) 
Femoral Neck Coef-

ficient (95% CI) 
1/3 Distal Radius 

Coefficient (95% CI) 
Ultradistal Radius Co-

efficient (95% CI) 

HIV seropos-
itive

−.090a (−.142, −.037) −.071a (−.111, −.031) −.058b (−.104, −.012) −.016 (−.052, .020) −.031b (−.053, −.009)

Menopausal 
statusc

−.087b (−.140, −.034) −.037 (−.078, .003) −.020 (−.066, .027) −.029 (−.065, .007) −.029d (−.052, −.007)

BMI (per 
5 kg/m2)

.020 (−.002, .041) .040e (.024, .056) .029b (.010, .048) .025b (.010, .040) .024e (.014, .033)

Race (Ref: 
Black)

  White −.059 (−.131, .013) −.042 (−.096, .011) −.054 (−.117, .008) −.042 (−.091, .006) −.024 (−.054, .006)

  Other −.091b (−.159, −.023) −.027 (−.080, .026) −.023 (−.083, .038) −.020 (−.065, .026) .006 (−.022, .034)

Hepatitis C 
virus

−.015b (−.072, .043) −.007 (−.051, .038) .016 (−.035, .068) −.018 (−.057, .022) −.014 (−.038, .011)

All models are additionally adjusted for WIHS site, heavy alcohol use, cigarette smoking, and diabetes mellitus. Abbreviations: BMI, body mass index; CI, confidence interval; HIV, human 
immunodeficiency virus; Ref, reference; WIHS, Women’s Interagency HIV Study.
cMenopausal status defined dichotomously (premenopause and early perimenopause vs late perimenopause and postmenopause).
aP < .001.
bP < .01.
dP < .05.

Table 4.  Factors Associated with Volumetric Bone Mineral Density 
Measured by Computed Tomography Among Women With and Without HIV

 
L1 Lumbar Spine Coef-

ficient (95% CI) 
L2 Lumbar Spine Co-

efficient (95% CI) 
Total Hip Coeffi-
cient (95% CI) 

HIV seropos-
itive

−16.92 (−30.99,  
  −2.857)a

−13.91 (−27.71,  
  −.122)a

−30.95 (−49.52,  
  −12.38)b

Menopausal 
statusc

−27.46 (−42.41,  
  −12.51)d

−26.89 (−41.55,  
  −12.24)d

−18.49 (−38.38,  
  1.399)

BMI (per 5 kg/
m2)

1.747 (−3.774, 7.269) 2.804 (−2.610,  
  8.218)

4.482 (−2.935,  
  11.899)

Race (Ref: 
Black)

  White −16.49 (−34.78, 1.793) −16.01(−33.94,  
  1.920)

−24.38 (−48.42,  
  −.331)a

  Other −3.711 (−20.20,  
  12.778)

−4.875 (−21.04,  
  11.293)

6.251 (−15.71,  
  28.212)

Hepatitis C 
virus

−15.44 (−30.46,  
  −.415)a

−12.99 (−27.72,  
  1.740)

−9.504 (−29.30,  
  10.288)

All models are additionally adjusted for WIHS site, heavy alcohol use, cigarette smoking, 
and diabetes mellitus. Abbreviations: BMI, body mass index; CI, confidence interval; HIV, 
human immunodeficiency virus; Ref, reference; WIHS, Women’s Interagency HIV Study.
aP < .05.
b P < .01.
cMenopausal status defined dichotomously (premenopause and early perimenopause vs 
late perimenopause and postmenopause).
dP < .001.
eP < .0001.
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these associations remained statistically significant after ad-
justment for traditional risk factors for osteoporosis including 
race, BMI, cigarette smoking, alcohol use, and HCV infection. 
While bone turnover markers were higher in WWH than in 
those without HIV, they were not associated with BMD, and 
similarly, pro-resorptive inflammatory cytokines were not asso-
ciated with BMD. Although not statistically significant, deficits 
in BMD by menopausal status appear to be greater between 
women with HIV than in those without HIV, such that the dif-
ference in BMD between late peri-/postmenopausal women and 
pre-/early perimenopasual women is nonsignificantly wider 
for WWH, particularly at the distal radius and spine; a larger 
sample size would be needed to determine whether these dif-
ferences truly exist. In our analyses, these differences cannot be 
attributed to traditional osteoporosis risk factors or increased 
inflammatory cytokines.

The between-serostatus-group differences in BMD observed 
in this study are generally consistent with, although perhaps 
slightly higher than, those observed in other studies of older 
persons living with HIV (PLWH). The 5–9% unadjusted dif-
ference in BMD by HIV serostatus in our analyses is slightly 
greater than the 2–5% difference reported in studies of mid-
dle-age women with and without HIV (mean ages of 41 and 
44 years, respectively) by Arnsten [18] and Dolan [19], but is 
similar to the 5.9% lower total hip BMD in a New York City 
cohort of postmenopausal WWH [10]. However, among WWH 
with a median age of 50 years, we found a 23% prevalence of 
low BMD at the lumbar spine, which is substantially less than 
reports among older PLWH (67%; median age of 61) [20] or 
postmenopausal WWH (78%; median age of 57) [10]. These 
wide variations in low BMD prevalence may be due to impor-
tant differences in the composition of participants within each 
study with respect to characteristics that affect BMD, such as 
age, sex, menopausal status, and race.

HIV and menopausal status appeared to be additive in their 
association with BMD in unadjusted models. In multivariate 
analysis, HIV and menopausal status remained independent 
predictors of BMD at the lumbar spine, total hip, and ultradistal 
radius. The association of HIV was similar for both lumbar 
spine and total hip BMD, while the association of menopausal 
status was much greater at the lumbar spine than total hip. 
Because lumbar spine is predominantly composed of the more 
metabolically active trabecular bone, whereas total hip BMD re-
flects both cortical and trabecular bone, BMD changes at the 
lumbar spine are usually greater with the menopausal transition 
than at sites that contain cortical bone [21, 22].

Lower body weight is a powerful determinant of BMD. In 
their meta-analysis, Bolland et al [23] argue that published dif-
ferences in BMD between persons with and without HIV are 
largely related to lower body weight of PLWH and are clinically 
insignificant (2.2–2.8%) after adjustment for group differences 
in weight. In our study, BMD remained lower in WWH than in 

those without HIV after adjusting for race/ethnicity and BMI, 
although it is noteworthy that most participants had an over-
weight or obese BMI, and few had a low body weight.

Surprisingly, serum levels of inflammatory cytokines 
known to induce bone resorption (TNF-α, IL-6, RANKL, and 
RANKL:OPG) were not associated with low BMD in this study. 
The OPG/RANK/RANKL system is the dominant, final medi-
ator of osteoclastogenesis [24], with the rate of bone resorp-
tion determined by the relative amounts of RANKL and OPG 
produced by osteoblasts [25]. Systemic hormones such as es-
trogen and locally secreted bone-active cytokines including 
TNF-α and IL-6 that increase bone resorption do so, in part, 
by increasing RANKL expression by bone marrow stromal cells 
and osteoblasts. In a previous study of postmenopausal women, 
TNF-α levels were higher among WWH and correlated with 
low BMD [10]. In our study, serum TNF-α and IL-6 levels were 
not higher in WWH than in women without HIV, likely re-
flecting effective ART use with immune reconstitution among 
WWH. Additionally, serum cytokine levels may not reflect cel-
lular activation or proinflammatory cytokine level in the bone 
microenvironment.

The strengths of this study include its focus on menopausal 
WWH, a growing population at high risk of bone loss and 
fractures, with a well-matched uninfected comparison group. 
Limitations include the relatively modest sample size, which, 
although large enough to permit group comparisons between 
women with and without HIV, is too small to conduct detailed 
explorations of all determinants of BMD.

In conclusion, low BMD was more common in WWH than in 
women without HIV. Despite adjusting for BMI and traditional 
osteoporosis risk factors, HIV infection and menopausal status 
were each independently associated with lower BMD, and had 
additive effects on lumbar spine and total hip BMD. However, it 
is worth noting that, while low BMD was more common among 
WWH compared with women without HIV, the prevalence of 
osteoporosis, the most severe form of reduced BMD, did not 
differ by HIV status. Additional research is needed to better 
understand mechanisms by which HIV may impact BMD with 
age and menopausal transition in women, and to develop strat-
egies to mitigate osteoporosis and fracture risk in this growing 
population.
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