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The menopausal transition is a pivotal time of cardiovascular risk, 
but knowledge is limited in HIV. We studied longitudinal carotid 
artery intima-media thickness (CIMT) in the Women’s 
Interagency HIV Study (2004–2019; 979 women/3247 person- 
visits; 72% with HIV). Among women with HIV only, those who 
transitioned had greater age-related CIMT progression compared 
to those remaining premenopausal (difference in slope = 1.64 µm/ 
year, P = .002); and CIMT increased over time in the 
pretransition (3.47 µm/year, P = .002) and during the menopausal 
transition (9.41 µm/year, P < .0001), but not posttransition 
(2.9 µm/year, P = .19). In women with HIV, menopause may 
accelerate subclinical atherosclerosis as measured by CIMT.

Keywords. HIV; menopause; cardiovascular disease; 
atherosclerosis.

Received 15 June 2023; editorial decision 31 October 2023; accepted 02 November 2023; 
published online 8 November 2023

Correspondence: Brandilyn A. Peters, PhD, Department of Epidemiology and Population 
Health, Albert Einstein College of Medicine, 1300 Morris Park Avenue, No. 1315AB, Bronx, 
NY 10461 (Brandilyn.Peterssamuelson@einsteinmed.edu); Robert C. Kaplan, PhD, 
Department of Epidemiology and Population Health, Albert Einstein College of Medicine, 
1300 Morris Park Avenue, No. 1315, Bronx, NY 10461 (robert.kaplan@einsteinmed.edu).

The Journal of Infectious Diseases® 2024;229:780–5 
© The Author(s) 2023. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. All rights reserved. For permissions, please e-mail: journals.permissions@ 
oup.com
https://doi.org/10.1093/infdis/jiad488

The menopausal transition is recognized as a pivotal time of 
cardiovascular disease (CVD) risk [1], during which indicators 

of subclinical atherosclerosis (ie, carotid artery intima-media 
thickness [CIMT] and stiffness [2, 3]) have been shown to in
crease beyond what is expected with aging alone. CVD is of par
ticular concern in women with human immunodeficiency virus 
(HIV), as HIV infection has been associated with increased risk 
of CVD, more so in women than in men [4]. However, whether 
menopause increases CVD risk in women with HIV remains 
unknown.

Leveraging longitudinal menopause ascertainment and ca
rotid artery B-mode ultrasound imaging in the Women’s 
Interagency HIV Study (WIHS), we examined the association 
of the menopausal transition with CIMT, carotid artery stiff
ness, and carotid artery plaque in women with and without 
HIV using 2 complementary approaches (Supplementary 
Figure 1). This study provides the first insights into the contri
bution of the menopausal transition to subclinical atheroscle
rosis in women with HIV, beyond the influence of 
chronological aging alone.

METHODS

Study Population

The WIHS was a multicenter cohort of women with and 
without HIV in the United States, described previously 
[5]. Institutional review boards at all WIHS sites approved 
the study and participants provided written informed 
consent.

Women in the current analysis participated in a vascular dis
ease substudy at 6 WIHS sites (Bronx, New York; Brooklyn, 
New York; Chicago, Illinois; San Francisco, California; Los 
Angeles, California; Washington, District of Columbia) [6, 7], 
featuring high-resolution B-mode carotid artery ultrasound at 
a baseline visit (2004–2005; wave 1) and follow-up visits every 
2–3 years through 2012 (waves 2–4). An additional visit (wave 
5) was conducted in 2017–2019 at the Bronx, Brooklyn, and 
Chicago sites (Supplementary Figure 1A).

After exclusions for pregnancy, missing menopause status, hor
mone therapy use, hormonal contraceptive use, age, HIV serocon
version, clinical CVD, or only 1 visit in the vascular substudy 
(Supplementary Methods), 3247 person-visits from 979 partici
pants remained, with further exclusions for different outcomes/ 
analyses detailed below and in Supplementary Figure 1B. 
Detailed sample sizes are shown in Supplementary Table 1.

Menopause Definition

We used each participant’s longitudinal survey history to iden
tify if/when they reached their natural or surgical final men
strual period (FMP), using a multistep process [8] (described 
in Supplementary Methods). Briefly, we obtained date of 
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FMP from the last visit with reported menses. All visits after the 
FMP were classified as postmenopausal, while visits prior were 
considered premenopausal.

Subclinical Atherosclerosis

As previously described [7], high-resolution B-mode ultra
sound with automated computerized edge detection software 
assessed carotid artery arteriosclerosis. Outcomes were intima- 
media thickness of the right common carotid artery (CIMT; 
µm, continuous), presence/absence of carotid artery lesions 
(plaque) defined as focal CIMT > 1.5 mm in any imaged seg
ment (common and internal carotid arteries and bifurcation), 
and Young’s modulus of elasticity (105×N/m2, continuous, an 
index of arterial stiffness) measured at the common carotid ar
tery [9]. CIMT was measured in all 5 waves of the vascular sub
study, stiffness at waves 1–3 and 5, and plaque at waves 1, 4, and 
5 (sample sizes for each outcome in Supplementary Table 1 and 
Supplementary Figure 1B).

Statistical Analysis

General Principles
We used 2 approaches (analysis 1 and analysis 2) to investigate 
the relationship of the menopausal transition with subclinical 
atherosclerosis. Analysis 1 includes all women with longitudi
nal data, including women who have not yet reached an FMP 
or women with a surgical FMP; while analysis 2 restricts to 
women with an observed natural FMP. In all analyses, we con
sidered nested models to serially adjust for potential 
confounders/mediators including age and sociodemographic, 
behavioral, cardiometabolic, and HIV-related factors (de
scribed in Supplementary Methods). Covariates were time 
varying, excepting time-fixed variables (eg, race/ethnicity), un
less otherwise specified. Analyses were carried out among all 
participants, as well as stratified by HIV serostatus. Young’s 
modulus was log-transformed. P < .05 was considered statisti
cally significant. Analyses were conducted in R (version 4.2.2). 
Analysis code is provided in Supplementary Methods.

Analysis 1
The purpose was to determine whether the effect of age on lon
gitudinal progression of CIMT, stiffness, and carotid artery pla
que differs for women who, during follow-up, remained 
premenopausal, transitioned from pre- to postmenopause, or 
were postmenopausal. For CIMT and stiffness outcomes, we 
used linear mixed-effects models with a random intercept per 
participant and terms for menopausal transition status (re
mained premenopausal, transitioned from pre- to postmeno
pausal, postmenopausal), age, and the interaction of age and 
menopausal transition status.

For the outcome of incident carotid artery plaque, we addi
tionally excluded women with plaque at baseline (n = 45 wom
en), and women with plaque reversal over time (ie, developed 

plaque during follow-up but plaque was not found at subsequent 
visit; n = 5 women) (Supplementary Figure 1B). We used accel
erated failure time models with the Weibull distribution to esti
mate the association of baseline age with time to carotid artery 
plaque (interval censored) by menopausal transition status. 
Models included a term for menopausal transition status, base
line age, and the interaction of baseline age and menopausal 
transition status. Covariates were based on baseline data.

Analysis 2
The purpose was to differentiate whether CIMT and stiffness 
increase at a constant rate over time, or accelerate during the 
menopausal transition, suggesting an effect of ovarian aging be
yond chronological aging. We used previously described meth
ods [2, 10] involving piece-wise linear mixed-effects models to 
estimate associations of years before/after the FMP with CIMT 
and stiffness in time segments of pretransition, menopausal 
transition, and posttransition. We excluded women without 
an observed natural FMP, and removed person-visits below 
the fifth or above the 95th percentile of years before/after 
FMP due to sparsity. We chose a priori cut-points of 2 years be
fore and after the FMP to delineate time segments, because es
tradiol begins to decline approximately 2 years before, and 
stabilizes approximately 2 years after, the FMP [11]. All models 
included a random intercept per participant, a term for years 
before/after the FMP, and terms for the interaction of the sec
ond time segment (>2 years before FMP) and third time seg
ment (>2 years after FMP) with years before/after FMP. Age 
at FMP was adjusted instead of age. Likelihood ratio tests com
pared piece-wise models to respective linear models (ie, with
out interaction of time segments and years before/after FMP).

RESULTS

Participant Characteristics

Among 979 participants at the first vascular substudy visit (ie, 
baseline), 810 (83%) were premenopausal and 703 (72%) were 
women with HIV (Supplementary Table 2). During follow-up, 
247 women transitioned from pre- to postmenopause, while 563 
remained premenopausal and 169 were already postmenopausal 
(Supplementary Table 3); however, given different follow-up pat
terns for each outcome (Supplementary Figure 1A), the numbers 
of women remaining premenopausal or transitioning differed by 
outcome (Supplementary Table 3). At baseline, women who re
mained premenopausal were younger than transitioning women 
and postmenopausal women (median age 35, 44, and 52 years, re
spectively; Supplementary Tables 2 and 4).

Analysis 1: Age-Related Progression of Subclinical Atherosclerosis by 
Menopausal Transition Status

Median follow-up time was 6.6 years (interquartile range [IQR], 
4.9–9.5 years) for CIMT, 4.6 years (IQR, 4.3–12.3 years) for 
stiffness, and 6.9 years (IQR, 6.5–13.1 years) for plaque. 
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The association of age with CIMT was greater for transitioning 
women (β = 1.40; 95% confidence interval [CI], .53–2.27 µm/ 
year; P = .002) and postmenopausal women (β = 3.42; 95% 
CI, 2.26–4.57 µm/year; P < .0001) compared to women who re
mained premenopausal (Figure 1 and Supplementary Table 5). 
This pattern was somewhat similar in women with and without 
HIV, although the difference in the effect of age for women tran
sitioning versus remaining premenopausal was not significant 
in women without HIV (Figure 1 and Supplementary Table 5).

We did not observe any difference in the association of age 
with carotid artery stiffness or time to carotid artery plaque 
by menopausal transition status, either in the combined study 
population nor in women with or without HIV separately 
(Supplementary Tables 5 and 6).

Analysis 2: Years Before/After the FMP and Subclinical Atherosclerosis

Median age at FMP for women with versus without HIV was 49 
and 50 years, respectively (P = .10) (Supplementary Table 7). 
Median follow-up time was 6.8 years (IQR, 6.3–12.6 years) 
for CIMT and 4.7 years (IQR, 4.4–12.7 years) for stiffness.

In piece-wise linear mixed effects models with cut-points of 2 
years before and after the FMP, we observed that CIMT in
creased over time in the pretransition (β = 4.12; 95% CI, 
2.38–5.86 µm/year; P < .0001), menopausal transition (β =  
7.72; 95% CI, 4.69–10.75; P < .0001), and posttransition (β =  
3.73; 95% CI, .43–7.03; P = .02) time segments (Figure 2 and 
Supplementary Table 8). The pattern of accelerated CIMT pro
gression during the menopausal transition was more pro
nounced in women with HIV, where the slope in the 
menopausal transition was greater than that of the pretransi
tion (P = .02) and posttransition (P = .07); furthermore, the 

piece-wise model provided a better fit than a linear model (P  
= .05), consistent with an effect of ovarian aging beyond chro
nological aging (Figure 2 and Supplementary Table 8). In con
trast, in women without HIV, the slopes of CIMT increase over 
time did not differ for the pretransition, menopausal transition, 
or posttransition, consistent with a linear effect of chronologi
cal aging (Figure 2 and Supplementary Table 8).

For the outcome of carotid artery stiffness, the slope over 
time did not differ for the pretransition, menopausal transition, 
or posttransition time segments, either in the combined study 
population nor in women with or without HIV separately 
(Supplementary Table 9), consistent with a linear effect of chro
nological aging.

DISCUSSION

In this large longitudinal study of women with and without 
HIV, increases in CIMT over time were accelerated during 
the menopausal transition for women with HIV, but not for 
women without HIV. CIMT progression has long been consid
ered a surrogate marker of CVD risk in non-HIV populations 
[12], although its implications in people with HIV are less clear 
[13]. Women with HIV may be particularly vulnerable to the 
cardiovascular ramifications of hormonal changes accompany
ing menopause, for several possible reasons: (1) women with 
HIV have lower estradiol than women without HIV in 
premenopause [14], which has been related to CVD risk; 
and (2) estrogens may protect against viral replication [15]. 
Taken together, estrogen depletion combined with its effects 
on HIV control could contribute to an exacerbation of 
menopause-related CVD risk in women with HIV.

Figure 1. Association of age with longitudinal progression of carotid artery intima-media thickness (CIMT) among women who remained premenopausal, transitioned from 
pre- to postmenopause, or were postmenopausal. Thin lines represent progression of CIMT within individuals. Thick lines represent estimates from a linear mixed-effect 
model, with random intercept and terms for menopausal transition status (remained premenopausal, transitioned from pre- to postmenopausal, postmenopausal), age, and 
the interaction of age and menopausal transition status. Sample sizes (number of women/person-visits): all (979/3247), women with HIV (703/2321), women without HIV 
(276/926).
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We did not observe a relationship of the menopausal transi
tion with CIMT, stiffness, or plaque in women without HIV, in 
contrast to some previous studies [2, 3]. However, women 
without HIV in the WIHS are not representative of the general 
population, as they are recruited based on sociodemographic 
similarity to women with HIV, and thus are likely influenced 
by social determinants of health and may have a higher burden 
of CVD risk factors. Additionally, our sample size of women 
without HIV was smaller than that of women with HIV, poten
tially reducing power to observe significant associations.

This study was strengthened by the large sample size, length 
of longitudinal follow-up, and the wealth of cohort data, which 
allowed for extensive adjustment of potential confounders. Our 
study was limited by use of self-reported menopause status, 
which could result in some misclassification, although we min
imized misclassification risk by using longitudinal data to define 
menopause; lack of hormonal measures (ie, follicle-stimulating 
hormone, anti-Mullerian hormone) to confirm menopause sta
tus; the observational nature of the study, which precludes any 
assumption of causality and provides little mechanistic under
standing; lesser follow-up for the outcomes of carotid artery 
stiffness and plaque, which may have reduced power; and lastly, 
results may not be generalizable given the unique characteristics 
of the WIHS study population (eg, racial/ethnic diversity, low 
income, low educational attainment, etc.).

In summary, in this first report of subclinical atherosclerosis 
across the menopausal transition in women with and without 
HIV, we found that CIMT progression increased during the 

menopausal transition in women with HIV. Because greater 
CIMT progression is associated with higher risk of clinical 
CVD events in non-HIV populations [12], future research 
should examine whether CIMT progression in people with 
HIV confers the same risk. In context, a CIMT increase of 
5.94 µm/year during the menopausal transition compared to 
the pretransition in women with HIV (Supplementary 
Table 8), over 4 years (approximately 24 µm excess), may con
fer 1.32–1.45 fold increased risk of CVD events [12]. The CIMT 
progression related to menopause in women with HIV, com
bined with prior observations that menopausal hormone ther
apy may reduce CIMT progression in women with HIV [8], 
suggests potential cardiovascular benefits of menopausal hor
mone therapy in this unique high–CVD-risk population.

Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online (http://jid.oxfordjournals.org/). 
Supplementary materials consist of data provided by the author 
that are published to benefit the reader. The posted materials 
are not copyedited. The contents of all supplementary data
are the sole responsibility of the authors. Questions or messages 
regarding errors should be addressed to the author.
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Figure 2. Relationship of years before/after the final menstrual period (FMP) with carotid artery intima-media thickness (CIMT). Estimates are from a linear model (dashed 
line) or a piece-wise linear mixed-effects model (solid line) with 3 time segments: pretransition (>2 years before FMP), menopausal transition (2 years before to 2 years after 
FMP), and posttransition (>2 years after FMP). The linear model included a term for years before/after the FMP, while the piece-wise model included terms for years before/ 
after the FMP, and the interaction of the second time segment (>2 years before FMP) and the third time segment (>2 years after FMP) with years before/after FMP. All 
models included a random intercept per participant and were adjusted for age at FMP, HIV status, study site, race/ethnicity, income, educational attainment, employment, 
smoking status, alcohol use status, substance use, hepatitis C virus serostatus, hormonal contraceptive use, body mass index, systolic and diastolic blood pressure, diabetes, 
use of lipid-lowering medications, and use of hypertension medications. Among participants with HIV, model additionally adjusted for HIV viral load, CD4+ cell count, and 
antiretroviral therapy. Sample sizes (number of women/person-visits): all (284/977), women with HIV (209/705), women without HIV (75/272).
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