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Background. Estrogen-based hormone therapy (HT) may have beneficial cardiovascular effects when initiated in early 
menopause. This has not been examined in women with human immunodeficiency virus (HIV), who have heightened immune 
activation and cardiovascular risks.

Methods. Among 609 postmenopausal women (1234 person-visits) in the Women’s Interagency HIV Study, we examined the 
relationship of ever HT use (oral, patch, or vaginal) with subclinical atherosclerosis: carotid artery intima-media thickness (CIMT), 
distensibility, and plaque assessed via repeated B-mode ultrasound imaging (2004–2013). We also examined associations of HT with 
cross-sectional biomarkers of immune activation and D-dimer. Statistical models were adjusted for sociodemographic, behavioral, 
and cardiometabolic factors.

Results. Women (mean age, 51 years; 80% HIV positive) who ever used HT at baseline were older, and more likely to be 
non-Hispanic White and report higher income, than never-users. Women who ever used HT had 43% lower prevalence of 
plaque (prevalence ratio, 0.57 [95% confidence interval {CI}, .40–.80]; P < .01), 2.51 µm less progression of CIMT per year 
(95% CI, –4.60, to –.41; P = .02), and marginally lower incidence of plaque over approximately 7 years (risk ratio, 0.38 [95% 
CI, .14–1.03; P = .06), compared with never-users, adjusting for covariates; ever HT use was not associated with distensibility. 
These findings were similar for women with and without HIV. Ever HT use was associated with lower serum D-dimer, but not 
with biomarkers of immune activation after covariate adjustment.

Conclusions. HT may confer a subclinical cardiovascular benefit in women with HIV. These results begin to fill a knowledge 
gap in menopausal care for women with HIV, in whom uptake of HT is very low.
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Estrogen-based menopausal hormone therapy (HT) has been 
the subject of controversy regarding its effects on cardiovascu-
lar disease (CVD). While many observational studies of recent-
ly postmenopausal women have shown reduced rates of 
coronary heart disease (CHD) in HT users [1], the Women’s 

Health Initiative (WHI) randomized trials of the 1990s demon-
strated increased CHD and stroke with HT use, leading to con-
cerns of harm and widespread declines in HT prescriptions [2]. 
The discrepancy between the WHI trials, conducted among 
older women, and observational studies of women in early 
menopause, led to the HT timing hypothesis—that effects of 
HT depend on timing of initiation in relation to menopause 
[3]. Substantial evidence has accumulated supporting the pro-
tective effect of HT on cardiometabolic endpoints among wom-
en <60 years old when initiated within 10 years of menopause 
[2–5].

CVD is a particular concern in women with HIV, as HIV in-
fection is associated with increased CVD, more so in women 
than men [6]. Persistent immune activation in people with 
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HIV may contribute to elevated risk of non-AIDS diseases, in-
cluding CVD [7], despite antiretroviral therapy. Perturbations 
in sex hormones in women with HIV may also contribute to 
CVD risk [8]. HT uptake for menopausal symptoms in wom-
en with HIV is very low [9], with a key barrier being lack of 
knowledge of the effect of HT on CVD in women with HIV 
[10]. Here, we examine the relationship of menopausal HT 
with subclinical atherosclerosis and blood immune activation 
biomarkers in the Women’s Interagency HIV Study (WIHS). 
Additionally, given concerns regarding increased risk of ve-
nous thromboembolism (VTE) with HT, we also assessed 
the relationship of HT to serum D-dimer, a biomarker of 
thrombosis associated with VTE risk in women taking 
HT [11].

METHODS

Study Population

WIHS was a US multicenter cohort of women with and without 
HIV that conducted semiannual interviews, physical examina-
tions, and laboratory tests [12]. Institutional review boards at 
all sites approved the study, and participants provided written 
informed consent.

Women in the current analysis participated in a vascular dis-
ease substudy at the original WIHS sites (Bronx and Brooklyn, 
New York; Chicago; San Francisco; Los Angeles; Washington, 
D.C.) [13], which featured high-resolution B-mode carotid ar-
tery ultrasound at a baseline visit (2004–2006; wave 1) and 
follow-up ultrasounds every 2–3 years through 2013 (waves 
2–4).

From 4325 person-visits in the vascular substudy, we in-
cluded 1234 postmenopausal person-visits from 609 partic-
ipants, after exclusions including age <40 years and report 
of hormonal contraceptive or cancer HT use. Prospective 
analyses had further exclusions. Person-visits were classi-
fied as postmenopausal if they were after a certainly 
or likely observed natural final menstrual period, after a 
bilateral ovariectomy, or uncertain status but age ≥45 
years. Additional details are shown in the Supplementary 
Methods, Supplementary Figure 1, and Supplementary 
Table 1.

Hormone Therapy Use Definition

HT use was determined semiannually based on participant self- 
report starting in 2001. Ever HT use was defined for each 
person-visit as any report of HT use with estrogen (oral, patch, 
or vaginal) at or prior to the person-visit. Past HT use was de-
fined as HT use at a prior but not the current person-visit, while 
current HT use was defined as reporting HT use at the current 
person-visit. The Supplementary Methods and Supplementary 
Figure 2 have additional details.

Subclinical Cardiovascular Disease

High-resolution B-mode ultrasound with automated comput-
erized edge detection software assessed carotid artery arterio-
sclerosis in the right carotid artery [13]. Outcomes were 
intima-media thickness of the right common carotid artery 
(CIMT; µm), presence/absence of carotid artery lesions (pla-
que) defined as focal CIMT >1.5 mm in any imaged segment 
(common and internal carotid arteries and bifurcation), and 
carotid artery distensibility (10−6 × N−1 × m2) measured at 
the common carotid artery. CIMT was assessed at all 4 waves 
of the vascular substudy, distensibility at waves 1–3, and plaque 
at waves 1 and 4 (sample sizes in Supplementary Table 1 and 
Supplementary Figure 1).

Biomarkers

Biomarkers were measured on subsets of participants at the 
vascular substudy baseline visit.

T-Cell Activation
Multiparametric flow cytometry of peripheral blood mononu-
clear cells [14] measured %HLA-DR+CD38+ of CD4+ and 
CD8+ T cells (n = 168).

Monocyte/Macrophage Activation and D-Dimer
Enzyme-linked immunosorbent assays measured serum solu-
ble CD14 and CD163 (R&D Systems, Minneapolis) (n = 147) 
and D-dimer (Abcam, Boston, Massachusetts) (n = 142) [15].

Statistical Analysis

In all analyses, we considered nested models to serially adjust 
for potential confounders/mediators (covariates shown in 
Table 1 and described in the Supplementary Methods), and ex-
plored separate models by HIV serostatus where sample size al-
lowed. P < .05 was considered statistically significant. Analyses 
were conducted in R version 4.1.2 software.

HT and Subclinical Atherosclerosis
Generalized estimating equations (GEEs) using independence 
working correlation estimated the population-average effect 
of HT use on continuous outcomes of CIMT and distensibility 
(linear model) or the binary outcome of plaque (Poisson mod-
el). Covariates were time-varying, excepting time-fixed vari-
ables (eg, race/ethnicity).

HT and Subclinical Atherosclerosis Progression
For CIMT and distensibility outcomes, linear mixed-effects re-
gression models with a random intercept were used to examine 
whether change over time differed by HT use. The effect of in-
terest was the interaction of time and HT use at baseline. 
Baseline covariate values were used.

For the plaque outcome, only available at waves 1 and 4, we 
used Poisson regression with robust standard errors to examine 
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whether ever HT use at wave 1 was associated with (1) develop-
ment of new plaque or (2) incidence of plaque at wave 4. 
Women were defined as having developed new plaque if the 

number of lesions increased from wave 1 to 4 (eg, from none 
to 1 lesion, 1 to 2 lesions). Plaque incidence was considered de-
velopment of plaque among women with none at wave 

Table 1. Characteristics of Postmenopausal Women in the Women’s Interagency HIV Study at the Baseline Vascular Substudy Visit, by Ever Use of 
Hormone Therapya

HT Use

Characteristic
Overall 

(N = 609)
Never 

(n = 466)
Ever 

(n = 143) P Valueb

No. of prior visits with HT data, mean (SD) 9.55 (4.98) 10.06 (5.17) 7.90 (3.88) <.001

Age, y, mean (SD) 50.93 (5.44) 50.58 (5.26) 52.08 (5.89) .001

HIV positive 487 (80.0) 369 (79.2) 118 (82.5) .45

Race/ethnicity <.001

Black non-Hispanic 378 (62.1) 299 (64.2) 79 (55.2)

White non-Hispanic 71 (11.7) 40 (8.6) 31 (21.7)

Hispanic 144 (23.6) 114 (24.5) 30 (21.0)

Other/missing 16 (2.6) 13 (2.8) 3 (2.1)

Annual income .06

$12 000 or less 362 (59.4) 290 (62.2) 72 (50.3)

$12 001–$24 000 122 (20.0) 87 (18.7) 35 (24.5)

$24 001–$36 000 61 (10.0) 46 (9.9) 15 (10.5)

$36 001 or more 64 (10.5) 43 (9.2) 21 (14.7)

Educational attainment .04

Less than high school 229 (37.6) 188 (40.3) 41 (28.7)

Completed high school 199 (32.7) 151 (32.4) 48 (33.6)

Some college 144 (23.6) 102 (21.9) 42 (29.4)

Completed college 37 (6.1) 25 (5.4) 12 (8.4)

Employed 180 (29.6) 129 (27.7) 51 (35.7) .09

Smoking status .03

Never smoker 111 (18.2) 80 (17.2) 31 (21.7)

Current smoker 311 (51.1) 252 (54.1) 59 (41.3)

Former smoker 187 (30.7) 134 (28.8) 53 (37.1)

Current drinking status .70

Abstainer 364 (59.8) 282 (60.5) 82 (57.3)

>0–7 drinks/wk 187 (30.7) 139 (29.8) 48 (33.6)

>7 drinks/wk 58 (9.5) 45 (9.7) 13 (9.1)

Current drug use 138 (22.7) 109 (23.4) 29 (20.3) .51

HCV positive 307 (50.4) 244 (52.4) 63 (44.1) .10

BMI, kg/m2, mean (SD) 28.80 (7.34) 28.75 (7.43) 28.94 (7.06) .64

History of hypertension 290 (47.6) 220 (47.2) 70 (49.0) .79

History of diabetes 111 (18.2) 78 (16.7) 33 (23.1) .11

History of CVD 67 (11.0) 50 (10.7) 17 (11.9) .82

Current lipid-lowering medication 32 (5.3) 26 (5.6) 6 (4.2) .66

Current HIV viral loadc, copies/mL, geometric mean (SD) 368.7 (24.3) 350.7 (27.4) 437.0 (16.3) .72

Current detectable HIV viral loadc 253 (52.0) 198 (53.7) 55 (46.6) .22

Current CD4 countc, cells/µL, mean (SD) 474.57 (305.98) 461.25 (309.00) 516.25 (293.73) .04

Current ART usec 368 (75.6) 276 (74.8) 92 (78.0) .57

CIMT, µm, mean (SD) 791.42 (132.15) 794.39 (132.79) 781.74 (130.01) .23

Carotid artery distensibilityd (10−6 × N–1 × m2), mean (SD) 15.38 (7.07) 15.34 (7.08) 15.50 (7.08) .85

Presence of carotid artery plaquee 116 (24.9) 94 (27.8) 22 (17.2) .03

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; CIMT, carotid artery intima-media thickness; CVD, cardiovascular disease; HCV, hepatitis C virus; HIV, human 
immunodeficiency virus; HT, hormone therapy; SD, standard deviation.  
aEach participant’s first visit in the vascular substudy was used for this summary table.  
bP values from Wilcoxon rank-sum test or χ2 test for continuous and categorical variables, respectively.  
cOnly in women with HIV (n = 487).  
dReduced sample size (n = 531).  
eReduced sample size (n = 466).
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1. Models were restricted to women with plaque measured at 
both waves 1 and 4 (Supplementary Figure 1). Due to small 
sample size, only the binary ever-HT variable was used as a pre-
dictor, and models in women without HIV were not explored 
separately.

HT Use and Biomarkers
We used linear regression to examine cross-sectional associa-
tions of HT use with T-cell activation (%HLADR+CD38+ of 
CD4+ and CD8+ T cells), serum soluble CD14 and CD163, 
and D-dimer. Due to small sample size, models in women with-
out HIV were not explored separately.

RESULTS

Participant Characteristics

Among 609 postmenopausal women at baseline during 2004– 
2006, 143 (23.5%) had ever used HT, and 46 (8%) were current-
ly using HT. Among ever-users, 76% had used HT for 
menopause-related symptoms (hot flashes, vaginal dryness, 
sweating). On average, women were 51 years old, and most 
were people with HIV (80%), non-Hispanic Black (62%), and 
low-income (≤$12 000; 59%) (Table 1). Ever HT users were 
older than never-users, more likely to be non-Hispanic White 
and have more educational attainment, and less likely to be cur-
rent smokers (Table 1). Differences in characteristics by ever 
HT use were similar for women with and without HIV; among 
women with HIV, CD4 cell count was higher in ever-users vs 
never-users (Supplementary Table 2). Past and current HT us-
ers at baseline differed similarly from never-users 
(Supplementary Table 3).

HT Use and Subclinical Atherosclerosis

In GEE models adjusting for age, HIV status, and sociodemo-
graphic, behavioral, and cardiometabolic factors, women who 
ever used HT had 43% lower prevalence of carotid artery pla-
que on average than women who never used HT (prevalence 
ratio [PR], 0.57 [95% confidence interval {CI}, .40–.80], 
P < .01), with similar associations observed for women with 
and without HIV (P for interaction ≥ .93) (Table 2). When sep-
arating ever HT users into past and current users, only past us-
ers had lower prevalence of plaque compared to never-users 
(PR, 0.47 [95% CI, .31–.72]; P < .01) while current users did 
not (PR, 0.87 [95% CI, .55–1.38]; P = .55); this pattern was sim-
ilar for women with and without HIV though nonsignificant in 
women without HIV (Supplementary Table 4).

Ever HT use was associated with nonsignificantly lower 
CIMT on average compared to never-use in GEE models 
(β = −22.4 [95% CI, −47.8 to 3.0] µm; P = .08), with no hetero-
geneity by HIV status (P for interaction ≥ .70) (Table 2). Current 
HT use was associated with significantly lower CIMT compared 
to never-use (β = −34.2 [95% CI, −62.1 to –6.3] µm; P = .02), 

whereas past HT use was not (β = −18.7 [95% CI, −47.5 to 
10.2] µm; P = .20). These patterns were similar for women 
with and without HIV, although nonsignificant in women with-
out HIV (Supplementary Table 4).

Ever, past, or current HT use were not associated with carot-
id artery distensibility in GEE models (Table 2; Supplementary 
Table 4), consistent in women with and without HIV (P for in-
teraction ≥ .72).

HT Use and Subclinical Atherosclerosis Progression

Ever use of HT at baseline compared to never-use was associ-
ated with a significantly lower increase in CIMT over time (me-
dian follow-up, 4.0 [range, 1.4–7.8] years), in linear 
mixed-effects models adjusting for baseline age, HIV status, 
and sociodemographic, behavioral, and cardiometabolic fac-
tors (β = −2.51 [95% CI, −4.60 to –.41] µm/year; P = .02) 
(Table 3, Figure 1). This association was consistent in women 
with and without HIV, though not reaching significance in ei-
ther stratum (Table 3). While both past and current HT use at 
baseline were related to lower increases in CIMT over time 
compared to never-use, this effect was significant in past HT 
users (β = −3.70 [95% CI, −6.31 to –1.10] µm/year; P = .01) 
but not current HT users (β = −2.46 [95% CI, −5.69 to .78] 
µm/year; P = .14) (Supplementary Table 5).

Ever-use of HT at baseline was not associated with change in 
carotid artery distensibility over time compared to never-use 
(median follow-up, 2.6 [range, 1.4–5.2] years) (Table 3). 
However, past use of HT at baseline was associated with a great-
er decline in distensibility compared to never-use (β = −.57 
[95% CI, −1.14 to .00] 10−6 × N–1 × m2/year; P = .05), while 
current use of HT at baseline was not (β = −.02 [range, −.73 
to .69] 10−6 × N–1 × m2/year; P = .95). This pattern was consis-
tent in women with HIV, but not in women without HIV 
(Supplementary Table 5).

Finally, during a median follow-up of 6.7 (range, 5.4–7.8) 
years, women who ever used HT at baseline compared to never- 
users had nonsignificantly lower risk of carotid artery plaque 
incidence in a covariate-adjusted Poisson regression model (in-
cidence in ever- vs never-users, 10% vs 24%; adjusted risk ratio, 
0.38 [95% CI, .14–1.03]; P = .06), with a similar finding for the 
plaque progression outcome (Table 4). The association of ever 
HT use with lower risk of plaque was also observed in women 
with HIV, though somewhat attenuated (incidence in ever- vs 
never-users, 13% vs 25%) (Table 4).

HT Use and Biomarkers of Immune Activation and D-dimer

In cross-sectional analysis at baseline, ever HT use was not sig-
nificantly associated with %HLADR+CD38+ of CD4+ and 
CD8+ T-cells, or serum soluble CD14 and CD163 (Figure 2, 
Supplementary Table 6). Current HT users had lower serum 
soluble CD163 compared to never-users (Figure 2, 
Supplementary Table 7), but the observed association was 
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somewhat attenuated by adjustment for sociodemographic and 
behavioral factors (Supplementary Table 7). Findings were sim-
ilar in women with HIV (Supplementary Tables 6 and 7).

Ever HT use was associated with significantly lower serum 
levels of D-dimer (Figure 2, Supplementary Table 6), with a 
stronger association for current than past HT users 
(Supplementary Table 7). The association of ever HT use 
with lower D-dimer persisted upon covariate adjustment, and 
was similar in women with HIV (Supplementary Table 6).

DISCUSSION

In this longitudinal study of women with and without HIV, 
ever-use of menopausal HT was associated with lower preva-
lence of carotid artery plaque, reduced progression of CIMT 
over time, and possibly with lower incidence of carotid artery 
plaque. Though CIMT is a surrogate endpoint, to our knowl-
edge this is the first study of HT and any cardiovascular out-
comes in women with HIV, who have high CVD risk 
compared to women in the general population [6]. Since our 
study comprised mostly younger postmenopausal women 
(93% were <60 years old at baseline), our findings are 

consistent with the HT timing hypothesis, in which HT is 
thought to be protective against CVD in younger, recently post-
menopausal women [3]. Importantly, associations of HT with 
subclinical atherosclerosis were largely similar in women with 
and without HIV, suggesting for the first time that women 
with HIV may benefit from early menopausal use of HT, sim-
ilar to women without HIV [4, 5, 16–18]. CIMT and presence 
of carotid artery plaque measured by ultrasound predict future 
clinical cardiovascular events [19]. In addition, HIV infection is 
associated with higher prevalence [20–22] and future develop-
ment of carotid artery plaque [13], and plaque is associated 
with higher risk of CVD events and mortality in people with 
HIV [23, 24]. Taken together, the association of HT use with 
reduced subclinical atherosclerosis in women with HIV may 
have clinical implications extending to protection from CVD 
events and death. While HT is not currently indicated for 
CVD prevention in any population, our research highlights 
the unmet need for high-quality clinical studies of the CVD 
benefits of HT in younger postmenopausal women with HIV.

We found distinct associations of past HT use with lower 
prevalence of carotid artery plaque, and current HT use with 
lower CIMT. These findings may be related to the time-frame 

Table 2. Ever Hormone Therapy Use and Subclinical Cardiovascular Disease in the Women’s Interagency HIV Studya

Model

Allb Women With HIVc Women Without HIVd

Pinteraction
eβ (95% CI) P Value β (95% CI) P Value β (95% CI) P Value

CIMT, µm

Unadjusted –18.95 (–46.12 to 8.23) .17 –21.80 (–48.15 to 4.54) .10 –4.61 (–88.59 to 79.37) .91 .70

Model 1 –26.36 (–53.30 to .58) .06 –29.27 (–55.29 to –3.26) .03 –15.35 (–98.74 to 68.04) .72 .71

Model 2 –21.31 (–47.89 to 5.27) .12 –25.22 (–51.50 to 1.05) .06 NA NA NA

Model 3 –22.41 (–47.84 to 3.03) .08 –25.28 (–51.41 to .85) .06 NA NA NA

Carotid artery distensibility  
(10−6 × N–1 × m2)

Unadjusted .25 (–.98 to 1.47) .69 .28 (–1.08 to 1.64) .69 –.02 (–2.70 to 2.67) .99 .85

Model 1 .68 (–.49 to 1.85) .26 .72 (–.61 to 2.04) .29 .31 (–2.09 to 2.72) .80 .72

Model 2 .32 (–.80 to 1.43) .57 .25 (–1.00 to 1.49) .70 NA NA NA

Model 3 .39 (–.69 to 1.48) .48 .26 (–.95 to 1.47) .67 NA NA NA

Carotid artery plaque

Unadjusted .60f (.41–.86) .01 .59f (.40–.87) .01 .57f (.17–1.84) .34 .94

Model 1 .55f (.38–.78) <.01 .56f (.38–.81) <.01 .52f (.19–1.47) .22 .93

Model 2 .59f (.41–.84) <.01 .62f (.42–.90) .01 NA NA NA

Model 3 .57f (.40–.80) <.01 .59f (.41–.85) <.01 NA NA NA

Abbreviations: CI, confidence interval; CIMT, carotid artery intima-media thickness; HIV, human immunodeficiency virus; HT, hormone therapy; NA, not applicable.  
aGeneralized estimating equations with the working independence correlation structure estimated the population-average effect of ever hormone therapy (HT) use (vs never-use) on the 
continuous outcomes of CIMT and distensibility (linear model) or the binary outcome of plaque (Poisson model). Model 1 was adjusted for concurrent age and HIV status (or antiretroviral 
therapy, viral load, and CD4 cell count in women with HIV); model 2 was additionally adjusted for race/ethnicity, income, educational attainment, employment status, smoking status, 
alcohol drinking status, drug use, and hepatitis C virus serostatus; model 3 was additionally adjusted for body mass index, hypertension, diabetes, history of self-reported cardiovascular 
disease, and use of lipid-lowering medications. We show models for the overall study population and stratified by HIV status, but modeling in women without HIV was restricted to age 
adjustment only, due to low sample size.  
bNumber of person-visits (unique persons) total: 1234 (609) for CIMT, 922 (531) for distensibility, and 700 (565) for plaque; number of person-visits (unique persons) ever HT use: 345 (156) for 
CIMT, 271 (143) for distensibility, and 193 (151) for plaque.  
cNumber of person-visits (unique persons): 974 (487) for CIMT, 731 (428) for distensibility, and 557 (448) for plaque; number of person-visits (unique persons) ever HT use: 277 (128) for CIMT, 
219 (117) for distensibility, and 157 (124) for plaque.  
dNumber of person-visits (unique persons): 260 (122) for CIMT, 191 (103) for distensibility, and 143 (117) for plaque; number of person-visits (unique persons) ever HT use: 68 (28) for CIMT, 52 
(26) for distensibility, and 36 (27) for plaque.  
eP value of HIV status × ever HT term.  
fPrevalence ratio.
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Table 3. Ever Hormone Therapy Use and Progression of Carotid Artery Intima-Media Thickness and Distensibility in the Women’s Interagency HIV Studya

Allb Women With HIVc Women Without HIVd

Model β (95% CI) P Value β (95% CI) P Value β (95% CI) P Value

CIMT progression, µm/year

Unadjusted –2.50 (–4.60 to –.41) .02 –2.35 (–4.72 to .02) .05 –3.29 (–7.73 to 1.16) .15

Model 1 –2.50 (–4.59 to –.40) .02 –2.33 (–4.70 to .04) .05 –3.28 (–7.72 to 1.17) .15

Model 2 –2.48 (–4.58 to –.39) .02 –2.32 (–4.69 to .06) .06 NA NA

Model 3 –2.51 (–4.60 to –.41) .02 –2.33 (–4.71 to .04) .05 NA NA

Carotid artery distensibility progression, 10−6 × N–1 × m2/year

Unadjusted –.33 (–.80 to .13) .16 –.45 (–1.00 to .11) .12 .10 (–.66 to .87) .79

Model 1 –.36 (–.83 to .10) .13 –.49 (–1.04 to .07) .09 .07 (–.69 to .84) .86

Model 2 –.32 (–.79 to .15) .18 –.42 (–.97 to .14) .14 NA NA

Model 3 –.30 (–.76 to .17) .21 –.41 (–.96 to 0.14) .15 NA NA

Abbreviations: CI, confidence interval; CIMT, carotid artery intima-media thickness; HIV, human immunodeficiency virus; NA, not applicable.  
aLinear mixed-effects models estimated the difference in CIMT or distensibility progression over time by ever hormone therapy (HT) use at baseline (ie, interaction of time × ever HT use). 
Unadjusted model includes terms for time, ever HT use at baseline, and the interaction. Model 1 was adjusted for age at baseline and HIV status (or antiretroviral therapy at baseline, viral load at 
baseline, and CD4 cell count at baseline in women with HIV); model 2 was additionally adjusted for race/ethnicity, income at baseline, educational attainment at baseline, employment status at 
baseline, smoking status at baseline, alcohol drinking status at baseline, drug use at baseline, and hepatitis C virus serostatus at baseline; Model 3 was additionally adjusted for body mass 
index at baseline, hypertension at baseline, diabetes at baseline, and lipid-lowering medication at baseline. We show models for the overall study population and stratified by HIV status, but 
modeling in women without HIV was restricted to age at baseline adjustment only, due to low sample size.  
bNumber of person-visits (unique persons) total: 911 (303) for CIMT and 627 (246) for distensibility; number of person-visits (unique persons) ever HT use: 260 (80) for CIMT and 198 (74) for 
distensibility.  
cNumber of person-visits (unique persons): 712 (238) for CIMT and 488 (192) for distensibility; number of person-visits (unique persons) ever HT use: 209 (65) for CIMT and 160 (60) for 
distensibility.  
dNumber of person-visits (unique persons): 199 (65) for CIMT and 139 (54) for distensibility; number of person-visits (unique persons) ever HT use: 51 (15) for CIMT and 38 (14) for distensibility.

Figure 1. Progression of carotid artery intima-media thickness (CIMT) over time in ever and never hormone therapy (HT) users. Thin lines represent trajectory of CIMT within 
each participant from their first visit in the vascular substudy (n = 303 women; n = 911 person-visits). Thick lines represent the estimate of change in CIMT over time for ever 
and never HT users, from linear mixed-effects models with terms for time, ever HT use at baseline, and the interaction of time × ever HT use, as well as a random intercept. 
The slope for women who never used HT at baseline (n = 223 women) was significantly different from zero (P < .0001), whereas the slope in women who ever used HT (n = 80 
women) was not different from zero (P = .11).
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in which HT influences CIMT, an early anatomic feature in 
atherosclerosis development. In both the 2-year Estrogen in 
the Prevention of Atherosclerosis Trial [18] and 5-year Early 
vs. Late Intervention Trial with Estrogen [4] trials, the differ-
ence in CIMT progression between the HT and placebo groups 
became apparent within 1 year of the trial start, indicating a rel-
atively rapid effect of HT on CIMT. In contrast, carotid artery 
plaque development may take more years to occur, which could 
explain why only past HT use was related to lower plaque prev-
alence. Semiannual data collection on HT use in the WIHS be-
gan shortly before the vascular substudy; we were therefore 
unable to capture length of HT use, which would further clarify 
the relationship of HT timing and duration with CIMT and 
plaque.

Estrogens have pleiotropic cardiovascular influences [25]; 
thus, it is unclear why HT use was not associated with higher 
carotid artery distensibility (ie, lower stiffness) in this study, 
and moreover, why past HT use at baseline was associated 
with greater decline in distensibility over time in women with 
HIV. Observational studies indicate that distensibility decreas-
es with age and during the menopausal transition [26] and that 
HT may improve distensibility during the menopausal transi-
tion [27]. Acute intravenous injection of estradiol rapidly in-
creases distensibility in postmenopausal women [28], but 
some clinical trials have not demonstrated an effect of HT on 

distensibility [29, 30]. Our prospective analysis of distensibility 
was limited to fewer women and shorter follow-up than for 
CIMT, warranting a larger replication study to confirm this un-
explained finding.

Estrogens are also important immune system modulators 
[31]. We observed that current HT use was associated with low-
er serum soluble CD163, a marker of macrophage activation 
and predictor of mortality in HIV [32]. However, sample size 
for this analysis was small and the association became attenu-
ated with covariate adjustment. Prior studies in non-HIV wom-
en have reported reduced natural killer cell cytotoxicity and 
lower proinflammatory cytokines with HT use [33–35]. In 
the context of HIV, estrogens inhibit HIV transcription and 
maintain HIV latency [36], and downregulate the macrophage 
response to HIV infection [37]. In vitro effects of estrogen on 
HIV replication and response are consistent with our finding, 
albeit nonsignificant, of reduced immune activation with HT.

Our observation that ever HT use was associated with lower 
serum D-dimer was unexpected, given the well-known in-
creased risk of VTE in postmenopausal women taking HT 
[38]. D-dimer is a fibrin degradation product and direct bio-
marker of thrombosis; it is used in VTE diagnosis and also pre-
dicts future VTE events [39]. D-dimer has been associated with 
HIV viremia and is a predictor of mortality in people with 
HIV [40], but has not been consistently associated with CIMT 
[41, 42]. It is possible that inhibitory effects of estrogen on 
HIV replication lead to lower D-dimer and outweigh thrombotic 
effects of estrogen in women with HIV; or there may be residual 
confounding. While it may be encouraging that HT use was not 
associated with higher D-dimer in women with HIV, the conflict 
of our result with studies from the general population necessitate 
confirmation in other HIV populations, especially since our 
sample size for this analysis was small.

Our study was limited by lack of data on duration of HT 
use, and the crude assessment of HT, which did not differen-
tiate estrogen formulation, dose, or route; the inability to dis-
tinguish systemic vs topical estrogens limits causal inference, 
as systemic absorption of vaginal estrogens is variable and can 
be very low [43]. Additionally, as most women in this study 
were <60 years of age, we were unable to examine heterogene-
ity by age (ie, the HT timing hypothesis). Last, we cannot rule 
out the influence of residual confounding by the “healthy 
woman effect” (ie, that health conscious women are more 
likely to use HT and engage in health-promoting behaviors 
such as healthful diet and exercise, leading to better cardiovas-
cular health). Alternatively, given that some indications for 
HT (eg, vasomotor symptoms, premature menopause) are as-
sociated with higher CVD risk [44, 45], any confounding by 
such indications would bias our findings toward a harmful 
rather than protective association.

Currently, use of menopausal HT is indicated for vasomotor 
symptoms, genitourinary syndrome of menopause, premature 

Table 4. Ever Hormone Therapy Use and Progression or Incidence of 
Carotid Artery Plaque in the Women’s Interagency HIV Studya

Model

All Women With HIV

Risk Ratio (95% 
CI)

P 
Value

Risk Ratio (95% 
CI)

P 
Value

Plaque 
progressionb

Unadjusted .40 (.15–1.10) .08 .48 (.18–1.32) .16

Model 1 .41 (.15–1.10) .08 .49 (.18–1.39) .18

Model 2 .47 (.17–1.29) .14 .55 (.20–1.50) .24

Model 3 .44 (.17–1.17) .10 .52 (.19–1.40) .19

Incidence of 
plaquec

Unadjusted .42 (.15–1.16) .09 .49 (.18–1.36) .17

Model 1 .41 (.15–1.10) .08 .53 (.18–1.55) .25

Model 2 .45 (.15–1.37) .16 .50 (.14–1.74) .28

Model 3 .38 (.14–1.03) .06 .42 (.14–1.27) .12

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus.  
aPoisson regression estimated the relative risk of plaque progression or incidence. Plaque 
progression was defined as development of any new plaque from waves 1 to 4 of the 
vascular substudy. Incidence of plaque was defined as development of plaque at wave 4, 
among women with no plaque at wave 1. Model 1 was adjusted for age at baseline and 
HIV status (or antiretroviral therapy at baseline, viral load at baseline, and CD4 cell count 
at baseline in women with HIV); model 2 was additionally adjusted for race/ethnicity, 
income at baseline, educational attainment at baseline, employment status at baseline, 
smoking status at baseline, alcohol drinking status at baseline, drug use at baseline, and 
hepatitis C virus serostatus at baseline; model 3 was additionally adjusted for body mass 
index at baseline, hypertension at baseline, diabetes at baseline, and lipid-lowering 
medication at baseline.  
bn = 131 women (42 ever hormone therapy [HT] users), 105 women with HIV (33 ever HT 
users).  
cn = 113 women (39 ever HT users), 91 women with HIV (32 ever HT users).
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hormonal decline, and prevention of bone loss, for women <60 
years old or within 10 years of menopause [46]. However, in 
peri- and postmenopausal women with HIV, uptake of HT is 
extremely low despite high prevalence of indications for use, 
since providers often do not address HT use in women with 
HIV [10]. As such, better menopause care including HT use 
has recently been encouraged for women with HIV, with pro-
viders urged to review indications, contraindications, and risk 
of adverse events with patients [10]. Our study begins to fill a 
critical knowledge gap in menopause care for women with 
HIV, namely, whether menopausal HT impacts atherosclerotic 
heart disease in women with HIV. Importantly, our results that 
suggest HT may confer cardiovascular benefit in women with 
HIV by reducing subclinical atherosclerosis, a predictor of fu-
ture clinical cardiovascular events. Additional observational 
studies and randomized trials are sorely needed to further fill 
gaps in knowledge regarding effects of menopausal HT in 
women with HIV, especially concerning risk of VTE, which 
is elevated in people with HIV [47].
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