1duosnue Joyiny 1duosnuen Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
Stroke. Author manuscript; available in PMC 2017 January 01.

-, HHS Public Access
«

Published in final edited form as:
Stroke. 2016 January ; 47(1): 12-17. doi:10.1161/STROKEAHA.115.010600.

Trajectories of Vasomotor Symptoms and Carotid Intima Media
Thickness in the Study of Women’s Health Across the Nation

Rebecca C. Thurston, PhD2b, Samar R. El Khoudary, PhDP, Ping Guo Tepper, PhDP,
Elizabeth A. Jackson, MDC, Hadine Joffe, MD, MSY, Hsiang-Yu Chen, MSP, and Karen A.
Matthews, PhD2P

aUniversity of Pittsburgh School of Medicine, Department of Psychiatry

bUniversity of Pittsburgh Graduate School of Public Health, Department of Epidemiology

¢University of Michigan School of Medicine, Department of Medicine, Division of Cardiovascular
Medicine

dBrigham and Women’s Hospital and Dana Farber Cancer Institute, Department of Psychiatry

Abstract

Background and Purpose—Emerging work has linked menopausal vasomotor symptoms
(VMS) to subclinical cardiovascular disease (CVD) among women. However, VMS are dynamic
over time. No studies have considered how temporal patterns of VMS may relate to subclinical
CVD. We tested how temporal patterns of VMS assessed over 13 years were related to carotid
intima media thickness (IMT) among midlife women.

Methods—The Study of Women’s Health Across the Nation is a longitudinal cohort study of
midlife women. 811 Caucasian, African American, Hispanic, and Chinese participants with a
well-characterized final menstrual period completed measures of VMS, a blood draw, and
physical measures approximately annually for 13 years. Women underwent a carotid artery
ultrasound at study visit 12.

Results—Four trajectories of VMS were identified by trajectory analysis (consistently high,
early onset, late onset, persistently low VMS) and tested in relation to carotid indices in linear
regression models. Results indicated that women with early onset VMS had both greater mean
IMT [beta, b(standard error, SE)=.03(.01), p=0.03] and greater maximal IMT [b(SE)=.04(.01), p=.
008] than women with consistently low VMS, adjusting for demographics and CVD risk factors.

Conclusions—This is first study to test trajectories of VMS in relation to subclinical CVD.
Women with VMS early in the menopause transition had higher mean IMT and maximal IMT
than those with consistently low VMS across the transition. Associations were not accounted for
by demographic factors nor by CVD risk factors. Results can signal to women in need of early
CVD risk reduction.
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Introduction

Methods

CVD is the leading cause of death among women, with its incidence increasing
postmenopausally.r An understanding of how menopause-related factors may be related to
CVD risk among women has long been of interest. Vasomotor symptoms (VMS) are the
classic menopausal symptom, experienced by over 70% of women.2 While VMS are known
to be associated with poorer quality of life,3 VMS have been linked to physical health
outcomes, including cardiovascular disease (CVD) risk. Multiple studies show relations
between VMS and subclinical CVD*7 and CVD risk factors.8-10 However, the literature is
not entirely consistent, 11 12 and further understanding of VMS-CVD risk relations is
warranted.

While most women will experience VMS during the menopause transition, the patterns of
VMS vary dramatically.13 14 Some women experience VMS early when they are still
menstruating; others only postmenopausally; and still others have VMS for decades.1* These
variations may reflect different etiologies of VMS with varying physiologic sequelae.
Preliminary work indicates that the timing of VMS may be important to CVD risk.> 12. 15
However, these studies were modest in size, had few assessments, and/or asked women to
recall their VMS occurring years earlier. They were not adequately designed to address
variations in trajectories of VMS over the transition. In order to do so, a large cohort study
with prospective assessments of VMS is needed.

The Study of Women’s Health Across the Nation (SWAN) is a large longitudinal cohort
study of women transitioning through the menopause. Women were recruited in the pre- or
early perimenopause and have been followed for over a decade. VMS have been assessed
approximately annually, making SWAN an ideal cohort to prospectively characterize
trajectories of VMS over the menopause transition. At visit 12, participants underwent a
carotid ultrasound to assess carotid artery IMT, a well-validated subclinical CVD index
predictive of later clinical CVD.16 We tested whether different trajectories of VMS over the
menopause transition were related to later IMT and considered whether associations were
accounted for by standard CVD risk factors.

SWAN is a prospective cohort study of women conducted at seven sites: Boston; Chicago;
the Detroit area; Los Angeles; Newark, New Jersey; Pittsburgh, Pennsylvania; and Oakland,
California.l” Each site recruited Caucasian women and one additional racial/ethnic group.
The six sites participating in carotid measurements recruited Caucasian women plus African
American (Pittsburgh, Chicago, Michigan, Boston), Chinese (Oakland) or Hispanic
(Newark) women. Women were recruited from lists of names or household addresses, and
select sites supplemented primary sampling frames to obtain adequate numbers of racial/
ethnic minority women. Baseline eligibility criteria included being aged 42-52 years, having
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a uterus and =one ovary, not being pregnant or lactating, not using oral contraceptives/
hormone therapy (HT), and having =one menstrual cycle in the prior 3 months. 51%
(N=3302) of eligible women enrolled. Annual clinic assessments began in 1996-1997.
Ultrasound data were collected at visit 12. SWAN protocols were approved by the
institutional review boards at each site, and each participant provided written informed
consent. This study investigated associations between VMS trajectories from baseline
through the 12t annual SWAN visit and carotid outcomes at visit 12.

Of the 1512 women who had valid carotid data, 637 women were excluded from analyses
due to a lack of a discernable final menstrual period (FMP; due to surgery or hormone use)
or <3 visits with VMS data (required to construct trajectories). An additional 64 women
were excluded due to a history of stroke or myocardial infarction. 811 women were included
in analyses. Women excluded differed from women included in that they were less often
Chinese and more often African American or Caucasian (p<0.001) and, consistent with the
CVD exclusion, had a poorer risk factor profile (higher BMI, higher SBP, lower HDL,
higher trigycerides, higher HOMA, more often diabetic, more often taking cardiovascular
medications, p’s<0.05).

Vasomotor Symptoms

VMS were assessed via questionnaire at each of 12 annual visits. Women responded to two
questions which asked separately how often they experienced: 1) hot flashes and 2) night
sweats in the past two weeks (not at all, 1-5 days, 6-8 days, 9-13 days, every day). For each
visit, women were categorized as having VMS if they reported any hot flashes or night
sweats at that visit. Patterns of experiencing VMS (trajectories) across visits were identified
(see data analyses).

Ultrasound measures

At each site, centrally trained and certified sonographers obtained carotid ultrasound images
using a Terason t3000 Ultrasound System (Teratech Corp, Burlington, MA) equipped with a
variable frequency 5-12 Mhz linear array transducer. Two digitized images were obtained of
each of the left and right distal common carotid artery. From each of these 4 images, using
the AMS semi-automated edge detection software,!® near and far wall common carotid
artery IMT measures were obtained by electronically tracing the lumen-intima interface and
the media-adventitia interface across a 1-cm segment proximal to the carotid bulb; one
measurement was generated for each pixel over the area, for a total of approximately 140
measures for each segment. The average and maximal values for these measures were
recorded, with the mean of the average and maximal readings of all 4 images used in
analyses. Common carotid artery inter-adventitial diameter (AD) was measured directly as
the distance from the adventitial-medial interface on the near wall to the medial-adventitial
interface on the far wall at end-diastole across the same common carotid artery segments
used for IMT measurement. Images were read centrally at the SWAN Ultrasound Reading
Center (University of Pittsburgh Ultrasound Research Laboratory). Technicians at study
sites were trained by the University of Pittsburgh Ultrasound Research Laboratory and
monitored during the study for reliability. Reproducibility was excellent [intraclass
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correlation coefficients (ICC) = 0.77 (between sonographers), ICC>0.90 (between
readers)].1°

At baseline, race/ethnicity was reported and education assessed (high school, some college/
vocational, =college). Other covariates were taken from visit 12 (concurrent with the carotid
ultrasound). Age, smoking (current vs. past/never), anxiety, and medication use were
derived from questionnaires/interviews. Use of cardiovascular medications (blood pressure
lowering, lipid-lowering, blood thinning) was classified. Height and weight were measured
and BMI calculated (kg/m?2). Blood pressure was averaged from two seated measurements,
and the measure with the strongest association with the outcome included as a covariate
(systolic). Women were considered diabetic if they reported diabetes or had fasting glucose
levels =126 mg/dL, or reported any use of insulin/anti-diabetic agents at =70% of the visits
and/or for =3 consecutive visits.

Phlebotomy was performed following overnight fast within 90 days of the annual visit.
Blood was separated, frozen (—80°C), and sent to the University of Michigan Pathology
Laboratory, CLIA-certified and accredited by the College of American Pathologists.
Measurements were performed on a Siemens ADVIA 2400 automated chemistry analyzer
utilizing Siemens ADVIA chemistry system reagents. Glucose was measured using a two-
step enzymatic reaction and serum insulin measured using radioimmunoassay. HOMA-IR
was calculated [(insulin*glucose)/22.5]. Lipid fractions were determined from EDTA-
treated plasma.

Data Analyses

Group based growth trajectory modeling2® was used (Proc Traj in SAS) to identify
trajectories of VMS over time. Preliminary analyses in the full SWAN cohort identified four
distinct trajectories.14 For the present analyses, VMS trajectories were re-identified among
participants who had a carotid ultrasound, a discernible FMP, and =3 visits with VMS data.
Visits in which women reported HT use were dropped. Trajectories were adjusted for study
site and age. The time scale was anchored to the FMP, with a maximum time before and
FMP of 8.74 and 10.41 years, respectively. Trajectories were based on model fit statistics
and scientific plausibility; four VMS trajectories were identified that each woman occupied
based on her highest posterior (predicted) probability.

The four VMS trajectories were next linked to carotid outcomes. Associations between
VMS trajectories and outcomes were estimated in linear regression adjusted for age, race/
ethnicity, education, and site, and covariates associated with outcomes at p<0.05. IMT,
HOMA-IR, and triglyceride values were natural log transformed. Interactions between VMS
trajectories and race/ethnicity and BMI were examined as cross product terms. In sensitivity
analyses, 24 women reporting using medications that could impact VMS [selective estrogen
receptor modulators (SERMSs), aromatase inhibitors, selective serotonin reuptake inhibitors
or serotonin norepinepherine reuptake inhibitors (SSRI/SNRIs), gabapentin] were excluded.
Residual analysis and diagnostic plots were used to verify model assumptions. Analyses
were performed with SAS v9.2 (SAS, Cary, NC).
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At visit 12, the participants were on average 59 years old, overweight, nonsmoking, and
normotensive (Table 1). Four trajectories of VMS were identified: 1) consistently low
probability of having VMS, 2) consistently high probability of having VMS, 3) VMS early
in the transition that decreased shortly after the FMP, and 4) VMS that developed largely
after the FMP (Figure 1), similar to the full SWAN cohort.14 African American women and
women with lower education were most likely to have consistently high VMS; and Non-
Hispanic Caucasian, Chinese, and more highly educated women were more likely to have
consistently low VMS (Table 1). Women with consistently high VMS and early onset VMS
also had a more adverse CVD risk factor profile.

We next considered trajectories of VMS in relation to IMT. Women with consistently high
VMS or early onset VMS had higher IMT than women with consistently low VMS (Table
2). Early onset VMS remained associated with higher mean and maximal IMT when
adjusting for demographic and CVD risk factors (Table 3).

We next tested for interactions between VMS trajectory group and race/ethnicity or BMI in
relation to IMT. None of these interactions were significant (p’s>.05). We also considered
AD given its association with vascular remodeling?! and sensitivity to reproductive
hormones.22 Whereas women with early onset VMS had higher AD [B(SE)=.14(.07), p=.04,
vs. consistently low VMS] in minimally-adjusted models, relations did not persist when
additionally adjusting for CVD risk factors [B(SE)=.06(.07), p=.40]. Finally, we conducted
analyses excluding women taking medications that might impact VMS (SERMS, aromatase
inhibitors, SSRI/ SNRIs, gabapentin). Findings were unchanged (data not shown).

Discussion

This is the first study to examine trajectories of VMS over the course of the menopause
transition in relation to subclinical CVD. SWAN is uniquely able to address this question,
given the repeated prospective assessment of VMS over a decade, the well-characterized
cohort, and the measurement of IMT. Although women with persistent VMS over the
menopause transition had the worst CVD risk factor profile, it was the women with early
onset VMS (VMS occurring up to a decade prior to the FMP and declining several years
after the FMP) who had the highest IMT. Associations were not accounted for by
demographics or by CVD risk factors.

A notable aspect of VMS is that they are dynamic, changing dramatically as women
progress through the menopause. Emerging work suggests that VMS may be related to
higher subclinical CVD cross-sectionally.% > 7 23 However, given the dynamic nature of
VMS, a single assessment is inadequate to characterize a woman’s true burden of VMS. The
few studies that have considered VMS over time in relation to CVD risk generally show
more persistent VVMS associated with subclinical CVD.> 6 However, these studies had few
assessments, limited sample sizes, 6 lack of ethnic diversity,® or failed to capture the early
transition.8 The Women’s Health Initiative reports have shown complex relations between
VMS and CVD risk over time,12: 24 yet analyses were limited by exclusion of women with
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high burden of VMS and reliance upon women recalling their VMS up to a decade earlier,
the accuracy of which is likely low. Thus, the relation of VMS over time to subclinical CVD
has not been rigorously tested.

As most women get VMS, refining the understanding of what types of VMS are most
relevant to cardiovascular health is warranted. Like other research on reproductive factors
and midlife women’s cardiovascular health,2 timing matters. These data indicate that early-
occurring VMS (starting up to a decade before the FMP) appear to have specific
implications for a woman’s cardiovascular health. The magnitude of the effects observed
here is clinically significant, comparable to >4 years of aging in the present cohort. Prior
work has shown that some women start experiencing VMS early in the transition (often
when they are still cycling), particularly African American or obese women.28 However, the
present results controlled for race/ethnicity and BMI. Other work has indicated that VMS
are associated with a more adverse adipokine profile,2” reduced cardiac vagal control,28
more adverse inflammatory or hemostatic profile,2° and poorer endothelial function.* 7 A
closer examination of mechanisms linking early onset VMS to CVD risk is warranted.

This study had several limitations. VMS were self-reported and recalled over the prior two
weeks, reports which may contain more error than diaries or physiologic VMS indices. To
characterize VMS trajectories relative to the FMP, women without a discernable FMP due to
HT use, hysterectomy, or oophorectomy were excluded. Results may not generalize to these
women. Other conditions relevant to development of atherosclerosis (e.g., chronic
obstructive pulmonary disease, autoimmune disorders), were not rigorously assessed.
Aspects of vessel morphology linked to CVD risk (i.e., dolichocarotids30: 31) were not
systematically assessed and should be considered in future work. Further, IMT was assessed
once at visit 12; thus trajectories of IMT could not be characterized. IMT was assessed only
at the CCA and not at other sites. This approach is consistent with guidelines, as IMT at the
CCA is most reliably measured and predictive of events,16 yet atherosclerosis at other sites
would not have been captured here.

SWAN has multiple strengths, including it being a large cohort of women who have been
assessed prospectively and repeatedly over the course of the menopause transition. VMS are
measured approximately annually up to 13 times, allowing the unique opportunity to
characterize VMS trajectories. The FMP, menopausal stage, and HT are rigorously assessed,
allowing anchoring of VMS trajectories relative to the FMP and reducing confounding
effects of HT. SWAN included a group of ethnically diverse women. Finally, carotid
ultrasounds were included in this large cohort, and multiple CVD risk factors assessed
repeatedly and prospectively.

This study was the first to examine trajectories of VMS over the menopause transition in
relation to subclinical CVD, showing that women with VMS beginning a decade prior to the
FMP had the highest IMT. Associations were not accounted for by CVD risk factors.
Findings underscore that work investigating relations between VMS and CVD risk should
consider the timing of VMS. Findings on VMS and CVD may ultimately be used to further
understand the pathophysiology of CVD in women as well as to assist in CVD risk
prediction among midlife women.
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Table 3

Multivariable associations between vasomotor symptom (VMS) trajectories and IMT

Mean IMT Maximum IMT
B(SE) P B(SE) P
Model 1
VMS trajectory
Consistently low ~ ---—--- -
Early onset .04(.01) .004 .05(.01) .0006
Late onset -.01(.01) 50  -.01(.01) .50
Consistently high  .01(.01) .30 .02(.01) .20
Model 2
VMS trajectory
Consistently low ~ ---—--- -
Early onset .03(.01) .03 .04(.01) .008
Late onset -.002(.01) .90 -.001(.01) .90
Consistently high  -.001(.01) .90  .002(.01) .90

Model 1 covariates: site, age, ethnicity, education
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Model 2 covariates: Adjusted for site, age, ethnicity, education, body mass index, systolic blood pressure, high density lipoproteins; low density

lipoproteins, triglycerides, homeostatic model assessment, smoking status, diabetes, anxiety, use of cardiovascular medications

IMT = intima media thickness; VMS=vasomotor symptoms
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