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ORIGINAL RESEARCH

Menopausal Vasomotor Symptoms and 
Risk of Incident Cardiovascular Disease 
Events in SWAN
Rebecca C. Thurston , PhD; Helen E. Aslanidou Vlachos, MSc; Carol A. Derby, PhD; Elizabeth A. Jackson, MD, MPH; 
Maria Mori Brooks, PhD; Karen A. Matthews, PhD; Sioban Harlow, PhD; Hadine Joffe, MD, MSc;  
Samar R. El Khoudary, PhD, MPH

BACKGROUND: Cardiovascular disease (CVD) in women has unique features, including associations with reproductive factors 
that are incompletely understood. Vasomotor symptoms (VMS), the classic menopausal symptom, are linked to CVD risk fac-
tors and subclinical CVD. Evidence linking VMS to CVD events is limited. We tested whether frequent and/or persistent VMS 
were associated with increased risk for fatal and nonfatal CVD events in SWAN (Study of Women’s Health Across the Nation).

METHODS AND RESULTS: A total of 3083 women, aged 42 to 52 years at baseline, underwent up to 16 in-person visits over 
22 years. Assessments included questionnaires on VMS frequency (0, 1–5, or ≥6 days/2 weeks), physical measures, phle-
botomy, and reported CVD events (myocardial infarction, stroke, heart failure, and revascularization). A subset of events was 
adjudicated via medical record. Death certificates were obtained. Relationships between baseline VMS or persistent VMS 
over the follow-up (proportion of visits with frequent VMS) with combined incident nonfatal and fatal CVD were tested in Cox 
proportional hazards models adjusted for demographics, medication use, and CVD risk factors. Participants experienced 231 
CVD events over the follow-up. Women with frequent baseline VMS had an elevated risk of subsequent CVD events (relative 
to no VMS; ≥6 days: hazard ratio [HR] [95% CI], 1.51 [1.05–2.17], P=0.03; 1–5 days: HR [95% CI], 1.02 [0.75–1.39], P=0.89, 
multivariable). Women with frequent VMS that persisted over time also had an increased CVD event risk (>33% versus ≤33% 
of visits: HR [95% CI], 1.77 [1.33–2.35], P<0.0001, multivariable).

CONCLUSIONS: Frequent and persistent VMS were associated with increased risk of later CVD events. VMS may represent a 
novel female-specific CVD risk factor.
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Cardiovascular disease (CVD) is the leading cause 
of death in women.1 CVD in women has unique 
risk factors, including reproductive factors (eg, 

pregnancy characteristics and menopause) that remain 
incompletely understood.2 It has long been observed 
that, on average, women experience CVD events (eg, 
myocardial infarction [MI]) later in life than men, primarily 
when women are postmenopausal.3 The menopause 
transition has been identified as a time when key CVD 
risk factors4,5 and indices of vascular health worsen, 

independent of the effects of aging alone.6,7 Therefore, 
the transition through menopause is regarded as im-
portant to the development of CVD in women; how-
ever, the precise features of menopause important to 
cardiovascular health have not been fully delineated.

Vasomotor symptoms (VMS) are the hallmark 
symptom of menopause and are experienced by most 
women at some point during the menopause transi-
tion.8 For up to a third of women, VMS can be frequent 
or severe.8,9 Newer data indicate that VMS persist 
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longer than previously thought. Frequent or severe 
VMS can be expected to persist for an average of 7 
to 9 years, and milder VMS may be experienced for an 
even longer period.10,11

Although VMS have typically been regarded as hav-
ing adverse effects on quality of life, VMS have been 
assumed to have few implications for physical health. 
However, emerging data have indicated the potential 
importance of VMS to women’s cardiovascular health. 
A growing body of literature has demonstrated that 
VMS are linked to adverse CVD risk factors, including 
hypertension,12,13 insulin resistance and diabetes melli-
tus,14,15 and poorer lipid profiles.12 In addition, VMS have 
been associated with poorer endothelial function,16,17 
reduced vagal control over the heart,18,19 a more proin-
flammatory or procoagulant profile,20,21 and indicators 
of subclinical CVD.16,22,23 These relationships typically 
persist after controlling for endogenous sex hormones 
and traditional CVD risk factors.

Despite the literature linking VMS to indicators of 
CVD risk, few studies have examined associations 
between VMS and incident clinical CVD, and the lim-
ited available literature has key methodologic limita-
tions. For example, most studies define VMS on the 
basis of a single time point,24 and thus these studies 
do not adequately capture a woman’s cumulative 

exposure to VMS over the transition. Notably, VMS are 
a dynamic symptom for which the time course varies 
widely across women. Furthermore, in many studies, 
VMS are recalled from years or decades prior,25,26 and 
thereby are limited by the pronounced recall biases 
characteristic of symptom reports. One longitudinal 
Australian study reported that VMS were associated 
with subsequent coronary heart disease,27 yet key risk 
factors (eg, lipids and blood pressure [BP]) were not 
measured, and findings were based on a low disease 
event rate. Thus, further research on links between 
VMS and clinic CVD is required.

Rigorously testing whether VMS are associated 
with CVD events requires that prospectively-assessed 
VMS over the course of the menopause transition be 
examined in relation to later life CVD events. Few stud-
ies have the necessary repeated VMS assessments 
over midlife as well as extended follow-up into the 
seventh decade of life when clinical CVD events typi-
cally accumulate in women. SWAN (Study of Women’s 
Health Across the Nation) is a longitudinal cohort study 
of the menopause transition in which 3302 premeno-
pausal or early perimenopausal women were followed 
up to 22 years to prospectively characterize their VMS, 
CVD risk factors, and incidence of CVD events. Thus, 
SWAN represents a unique cohort in which to exam-
ine whether VMS are associated with clinical CVD. We 
tested whether women with (1) more frequent VMS 
at baseline or (2) persistently frequent VMS over time 
were at increased risk for subsequent CVD events 
(clinical CVD or CVD mortality), taking into account a 
range of potential confounding or explanatory factors.

METHODS
Data Access
SWAN provides access to public use data sets that 
include data from SWAN screening, baseline, and 
follow-up visits (https://aging​resea​rchbi​obank.nia.nih.
gov/, http://www.swans​tudy.org/swan-resea​rch/data-
acces​s/). To preserve participant confidentiality, some, 
but not all, of the data are contained in the public use 
data sets. Investigators who require assistance ac-
cessing the public use data set may contact the SWAN 
Coordinating Center (swanaccess@edc.pitt.edu).

Study Sample
SWAN is a prospective cohort study of women 
conducted at 7 US sites: Boston, MA; Chicago, IL; 
southeast Michigan; Los Angeles, CA; Newark, NJ; 
Pittsburgh, PA; and Oakland, CA.28 Each site re-
cruited non-Hispanic White women and one addi-
tional racial/ethnic group (Black, Chinese, Hispanic, 
or Japanese women). Each site implemented a sam-
pling and recruitment strategy that was optimal for 
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the characteristics of the local site and the specific 
minority population to be recruited. Primary sampling 
included random digit dialing supplemented by list-
based frames (eg, city census list, voter registration 
list, health maintenance organization enrollment list, 
or electric utility lists) and by acquaintance networks 
via snowballing at select sites to obtain adequate 
numbers of racial/ethnic minority women. Baseline 
eligibility criteria for the SWAN longitudinal cohort in-
cluded being aged 42 to 52 years, having a uterus 
and at least one ovary, not being pregnant or lactat-
ing, not using oral contraceptives/hormone therapy 
(HT), and having at least one menstrual cycle in the 
prior 3 months. Clinic assessments, standardized 
across sites and that included clinical interviews, 
questionnaires, physical and anthropometric meas-
urements, and phlebotomy, began in 1996 to 1997 
and extended for up to 16 visits over 22 years of 
follow-up. SWAN protocols were approved by the in-
stitutional review boards at each site, and each par-
ticipant provided written informed consent at each 
visit.

A total of 3302 women were enrolled in SWAN 
(51% of eligible women). Women who enrolled in 
SWAN had somewhat higher education, were less 
financially strained, and were less often smokers 
than those who did not.28 Furthermore, for these 
analyses, we excluded 219 women because of: (1) 
missing data on the time of CVD event/CVD mortality 
(n=7), (2) missing VMS data (n=18), or (3) missing all 
follow-up data (n=194). Thus, 3083 women were in-
cluded in these analyses. Women excluded differed 
from women included in this analysis in that they were 
more often Hispanic, were smokers, were financially 
strained, were less educated, were less active, had 
more depression, and had a poorer CVD risk fac-
tor profile (lower high-density lipoprotein cholesterol, 
higher BP, triglycerides, and body mass index, and 
greater insulin resistance) (Table S1).

Vasomotor Symptoms
VMS were assessed via a standard questionnaire at 
the baseline and each follow-up visit. At each visit, 
women responded to 2 questions that asked sepa-
rately how often they experienced hot flashes and 
night sweats in the past 2 weeks (response options: 
not at all, 1–5 days, 6–8 days, 9–13 days, and every 
day). Hot flashes or night sweats were considered 
collectively as VMS, categorized as none (neither hot 
flashes nor night sweats in the prior 2 weeks), 1 to 
5 days/2 weeks (either or both hot flashes or night 
sweats 1–5 days/2 weeks), and ≥6 days/2 weeks (ei-
ther or both hot flashes or night sweats ≥6 days/2 
weeks). In addition to baseline VMS, the proportion of 
attended visits (before a CVD event or the censoring 

time) in which the woman reported frequent VMS (≥6 
days/2 weeks) over the follow-up were considered in 
separate models.

CVD Events/CVD Mortality
Nonfatal cardiovascular events (MI, cerebrovascular 
accident/stroke, heart failure, or revascularization 
procedures [percutaneous coronary intervention or 
coronary artery bypass grafting]) were self-reported 
at each SWAN visit. More extensive information was 
obtained at SWAN visits 12 and 13 and primarily 
during visit 15 when routine adjudication of events 
began. Attempts were made to obtain medical re-
cords for each self-reported CVD event, including 
those events that were reported at prior study visits. 
On receipt of all obtainable information from medi-
cal records related to each specific event, the SWAN 
Coordinating Center assembled an event package 
with this relevant information (eg, admission history, 
physical examination, discharge summary, labora-
tory data, diagnostic test results, and operative/pro-
cedure reports). Two cardiologist reviewers blinded 
to VMS status reviewed this information and returned 
their determination of the diagnosis to the SWAN 
Coordinating Center. If there was agreement as to 
the diagnosis between the 2 members (yes, no, or 
indeterminate), the case was considered complete. 
For cases for which there was not agreement be-
tween the 2 reviewers, differences were resolved by 
the third member. When a participant had multiple 
events, the first event was designated as the inci-
dent event. Thus, there were 204 self-reported first 
CVD events (MI: N=46; cerebrovascular accident: 
N=89; revascularization: N=27; heart failure: N=22; 
multiple events simultaneously: N=20). Of these 204 
events, 66 were confirmed through the adjudication 
process (32.4%). In addition to nonfatal CVD events, 
fatal CVD events were considered. Fatal CVD events 
were identified via systematic review of death certifi-
cates, which began at the 15th annual SWAN visit. 
As of this visit, 161 women of the SWAN cohort of 
3302 were deceased. Death certificates were ob-
tained for 155 (cause of death available for 154) of 
the 161 deaths and were centrally coded for cause of 
death using a standardized data extraction protocol. 
Of these deaths, 27 of them were coded as CVD re-
lated (heart disease: n=17; heart failure: n=6; MI: n=9; 
stroke: n=5; categories not mutually exclusive) as the 
underlying cause of death in any line of the death 
certificate. Primary analyses evaluated the time from 
SWAN baseline to the first adjudicated or self-re-
ported nonfatal CVD event (combined outcome of MI, 
stroke, heart failure, and revascularization) or a fatal 
CVD event identified via death certificate; thus, this 
analysis includes a total of 231 events (204 nonfatal 
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events and 27 fatal CVD events). A sensitivity analysis 
was conducted to evaluate the time to the first adju-
dicated nonfatal CVD event (66 events).

Covariates
At baseline, race/ethnicity and education (high school 
or less, some college/vocational school, or college 
or higher) were reported via standardized question-
naires. Age, smoking (current versus past/never), fi-
nancial strain (how hard it was to pay for basics: very 
or somewhat hard versus not hard), physical activity,29 
and menopausal stage (on the basis of self-reported 
bleeding patterns over the year) were derived from 
questionnaires and clinical interviews. Medication 
use was ascertained by self-report and confirmed via 
visual inspection of pill bottles at the study visit. The 
therapeutic class and subclass for each medication 
were coded according to the Iowa Drug Information 
System.30 Use of cardiovascular medications (BP 
lowering, lipid lowering, and antidiabetic) was classi-
fied using these classifications on the basis of clinical 
review by 2 study investigators to remove agents within 
a class not used in standard practice for the indica-
tions noted above. Height and weight were measured, 
and body mass index was calculated (kg/m2). Systolic 
BP and diastolic BP were averaged from 2 seated 
measurements. Phlebotomy was performed following 
overnight fast during the early follicular phase (days 
2–5 of the menstrual cycle). EDTA-treated plasma was 
separated, frozen at −20°C, and sent on dry ice to the 
Medical Research Laboratories (Highland Heights, 
KY). Baseline through the seventh follow-up visit total 
cholesterol and triglyceride concentrations were de-
termined by enzymatic methods (Hitachi 747 analyzer; 
Boehringer Mannheim Diagnostics, Indianapolis, IN). 
High-density lipoprotein cholesterol was quantified 
following precipitation of low-density lipoprotein cho-
lesterol (LDL-C) with heparin and manganese chloride 
by the modified Lipid Research Clinics procedure. 
Cholesterol in the supernate was measured by an au-
tomated cholesterol oxidase assay on a Hitachi 747-
200 clinical analyzer using RAICHEM reagents.31,32 For 
subsequent visits, ADVIA assay methods were used 
for total cholesterol, triglycerides, and HDL-C.33,34 
Calibration was based on 340 samples selected to 
be representative of the SWAN cohort. LDL-C was 
calculated by the Friedewald equation, and values of 
estimated LDL-C and triglycerides were set to miss-
ing when the triglycerides >400  mg/dL.35 Lipid frac-
tions with the statistically strongest associations with 
outcomes were considered in models (LDL-C and tri-
glycerides). For baseline through the seventh follow-up 
visit, glucose was measured in serum by automated 
enzymatic assay on a Hitachi 747-200 chemistry 
analyzer using the hexokinase reaction and Roche 

Diagnostic reagents. Insulin was measured in serum 
in duplicate by competitive binding radioimmunoassay 
using reagent from Diagnostic Products Corporation. 
For subsequent study visits, glucose was measured 
using the ADVIA Chemistry Glucose Hexokinase 3 
Concentrated Reagents,33 and insulin was measured 
using the ADVIA Centaur Insulin assay, which is a 
2-site sandwich immunoassay.36,37 Calibration equa-
tions for glucose and insulin were developed on the 
basis of random samples of 565 and 400 samples, 
respectively. Homeostatic model assessment insulin 
resistance was calculated as follows: [glucose (mmol/
L)*insulin (mIU/mL)]/22.5.38 Serum estradiol levels were 
measured with a modified, off-line ACS-180 (E2-6) 
chemiluminometric immunoassay (Bayer Diagnostics, 
Norwood, MA),39 with a lower limit of detection of 1 to 
7 pg/mL and interassay and intra-assay coefficients of 
variation of 10.6% and 6.4%, respectively.

Statistical Analysis
The associations between baseline VMS category 
and combined fatal and nonfatal CVD events were 
tested in Cox proportional hazards models. In a sec-
ond set of analyses, we considered the persistence of 
frequent VMS over time, calculated as the proportion 
of study visits that the woman attended (before a CVD 
event or censoring) in which she had frequent VMS. 
We examined persist frequent VMS in relation to in-
cident CVD events/CVD mortality. The proportion of 
visits with persistent frequent VMS over the follow-up 
was considered as both a continuous variable and a 
categorical variable. A range of cut points for categor-
ical models were considered; these cut points yielded 
largely comparable results, and thus we chose a cut 
point (>33% versus ≤33% of attended visits reporting 
frequent VMS) broadly informed by prior work on the 
average duration of frequent VMS,11 that met model 
assumptions, and that allowed for valid model testing. 
To support clinical interpretation of these cut points, 
we present the approximate number of visits and 
years with frequent VMS these cut points correspond 
to on the basis of the sample average number of visits 
and years women attended. Covariates were study 
site, age, race/ethnicity, education, financial strain, 
menopause status, smoking, physical activity, systolic 
BP, body mass index, lipids, homeostatic model as-
sessment insulin resistance, and medication use (BP 
lowering, lipid lowering, or antidiabetic). For baseline 
VMS models, baseline covariate values were included. 
For persistence of VMS models, mean levels of the 
covariate over all available visits before the event or 
censoring for continuous variables (physical activity, 
systolic BP, body mass index, lipids, and homeo-
static model assessment insulin resistance) and the 
proportion of attended visits positive for the covariate 
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before the event/censoring for categorical variables 
(smoking, financial strain, medication use, and HT 
use) was included, with the exception of age, meno-
pause stage, education, and race/ethnicity, which 
were derived from baseline. The number of attended 
visits was also included in persistence of VMS mod-
els. Although no women were using HT at baseline, 
as per entry criteria, the proportion of follow-up visits 
before event/censoring with HT use was included in 
models. Missing covariate values at baseline were im-
puted; notably, the extent of missing data on covari-
ates was minimal (ranging from systolic BP [0.2%] to 
LDL-C [6.6%]). We considered 2 approaches: imputa-
tion based on that individual’s data on the next avail-
able visit and imputation based on that individual’s 
mean value from all other visits. The 2 approaches 
produced comparable results; therefore, we present 
findings using mean imputation. Additional sensitivity 
models were conducted in which the outcome was 
restricted to adjudicated CVD events. Endogenous 
estradiol concentrations were considered as an ad-
ditional covariate (baseline levels for baseline VMS 
models and average estradiol levels before event/
censoring for persistence of VMS models). Cycle day 
of blood draw (in or out of window of menstrual cycle 
days 2–5) was also included as a covariate in baseline 
models. Furthermore, although all women entered the 
study with at least one ovary, the relations between 
persistent VMS over the follow-up and CVD events 
were also conducted censoring women at the time 
of bilateral oophorectomy during the study. To verify 
model proportional hazards assumptions, we plot-
ted the log hazards over time (which were parallel); 
conducted a residual analysis of the empirical score 
process (plots of the observed score processes well 
within the simulated score processes, supremum test 
P values >0.50); and plotted the Schoenfeld residuals 
(smooths of the Schoenfeld residuals versus time flat 
at 0), all of which indicated no violation of the propor-
tional hazards assumption. Analyses were performed 
with SAS v9.4 (SAS, Cary, NC).

RESULTS
The analysis included 3083 women (48% White, 28% 
Black, 9% Japanese, 8% Chinese, and 7% Hispanic 
women) who were a median age of 46 (interquartile 
range, 44–48) years at baseline. There were no clini-
cal CVD events (with the exception of hypertension) at 
baseline. Over the up to 22 years of follow-up (median, 
19 years), women reported experiencing 204 nonfatal 
CVD events, and 27 women had a fatal CVD event. 
Women attended an average of 13 of the 16 study 
visits, and they reported frequent VMS at an aver-
age of 20% (SD, 23%; median, 12%) of these study 

visits. Furthermore, 743 of the 3083 (24%) women re-
ported frequent VMS at >33% of visits. At baseline, 
women with frequent VMS were more often older, pe-
rimenopausal (versus premenopausal), Black women, 
less educated, and more financially strained and had 
a poorer CVD risk factor profile than women without 
VMS (Table 1). Although no women were using HT at 
baseline, 42% of the women reported HT use at some 
point during the study. Women who used HT did so at 
28% of the visits. Across the sample as a whole, HT 
use was reported at an average of 12% of the study 
visits.

When considering baseline VMS, women with 
more frequent VMS (≥6 days/2 weeks) had >2-fold 
higher risk of CVD events relative to women without 
VMS (Table 2, Figure 1). This association persisted 
controlling for additional demographic character-
istics, established CVD risk factors, and use of HT 
over the study. Furthermore, more persistent fre-
quent VMS over the study were associated with an 
increased risk of CVD events. These associations 
were apparent when we considered persistent VMS 
as a continuous variable (proportion of attended vis-
its reporting frequent visits, per 12% increase: haz-
ard ratio [95% CI], 1.11 [1.05–1.18], P = 0.0004, fully 
adjusted; an increase that corresponds roughly to an 
average of every 1.5 visits or approximately 2 years 
with frequent VMS). These associations were also 
apparent when we considered frequent VMS as a 
categorical variable (>33% versus ≤33% of attended 
visits reporting frequent VMS, a cut point that corre-
sponds to an average of 4 visits or roughly 6 years 
with frequent VMS) (Table 3, Figure 2).

We considered several additional analyses to deter-
mine the robustness of results over several conditions. 
When we restricted analyses to adjudicated nonfatal 
CVD events, findings were comparable if not strength-
ened (Tables S2 and S3). We further adjusted for en-
dogenous estradiol concentrations, and findings were 
similar (Table S4). Although all women had at least one 
ovary at baseline, we censored women at the time of 
bilateral oophorectomy during the study for models 
of persistent VMS, and findings were similar (data not 
shown).

DISCUSSION
This study prospectively investigated associations 
between VMS ascertained over 22 years from base-
line through 15 follow-up visits with subsequent in-
cident CVD events in the SWAN cohort of midlife 
women. This study is the largest, longitudinal study 
to date to address the relationships between midlife 
VMS and risk of subsequent incident CVD events. 
We found that frequent VMS at baseline as well as 



J Am Heart Assoc. 2021;10:e017416. DOI: 10.1161/JAHA.120.017416� 6

Thurston et al� Vasomotor Symptoms and CVD Risk

frequent VMS that persisted over time were associ-
ated with elevated risk of a combined outcome of 
incident fatal and nonfatal CVD events. Demographic 
factors and CVD risk factors accounted for a por-
tion of this relationship but did not fully account for 
relationships between VMS and CVD. Notably, fre-
quent VMS at baseline were associated with a 50% 
increased risk of later clinical CVD. Frequent VMS 
that persisted over time (>33% of visits, or an aver-
age of 4 visits with frequent VMS) were associated 
with a 77% increased risk of later clinical CVD. These 

findings suggest that frequent VMS early in the tran-
sition or persistent over the transition are associated 
with increased risk of CVD events later in life.

Menopause is an important transition for women’s 
cardiovascular health. This midlife period of ovarian 
aging occurs directly before the rates of clinical CVD 
events accelerate in women, and is a time also charac-
terized by accelerated degradation in CVD risk factors 
and vascular health.4-7 However, the precise features of 
menopause that influence CVD health have not been 
fully elucidated.

Table 1.  Baseline Characteristics of Participants by Frequency of VMS: SWAN (N=3083)

Characteristics
No VMS 
(N=1875)

VMS 
1–5 d/2 wk 

(N=873)

VMS 
≥6 d/2 wk 
(N=335)

Age, median (Q1–Q3), y 46.0 (44.0–48.0) 46.0 (44.0–48.0) 47.0 (45.0–49.0)

Race/ethnicity, % (n)

Black 24.8 (465) 32.0 (279) 39.1 (131)

White 49.7 (931) 44.3 (387) 43.6 (146)

Chinese 9.0 (168) 6.5 (57) 5.1 (17)

Hispanic 6.6 (123) 9.0 (79) 7.5 (25)

Japanese 10.0 (188) 8.1 (71) 4.8 (16)

Education, % (n)

High school or less 21.3 (395) 27.3 (236) 28.8 (96)

Vocational school/some college 29.4 (547) 36.3 (314) 39.6 (132)

College or higher 49.3 (916) 36.4 (315) 31.5 (105)

Financial strain, % (n)

Somewhat/very hard 34.1 (636) 44.6 (388) 47.4 (158)

Not hard 65.9 (1227) 55.4 (481) 52.6 (175)

Menopause stage, % (n)

Early perimenopause 38.9 (726) 54.5 (471) 61.7 (205)

Premenopause 61.0 (1139) 45.4 (393) 38.0 (126)

Unknown 0.2 (3) 0.1 (1) 0.3 (1)

BMI, median (Q1–Q3), kg/m2 25.7 (22.4–30.9) 27.2 (23.2–32.4) 29.2 (24.6–36.1)

SBP, median (Q1–Q3), mm Hg 113.0 (105.0–124.0) 117.0 (107.0–129.0) 120.0 (109.0–130.0)

DBP, median (Q1–Q3), mm Hg 74.0 (68.0–80.0) 75.0 (69.0–82.0) 76.0 (70.0–83.0)

LDL-C, median (Q1–Q3), mg/dL 112.0 (93.0–133.0) 115.5 (94.0–138.0) 119.0 (99.0–141.0)

HDL-C, median (Q1–Q3), mg/dL 55.0 (47.0–65.0) 54.0 (46.0–64.0) 51.0 (44.0–61.0)

Triglycerides, median (Q1–Q3), mg/dL 86.0 (66.0–123.0) 92.0 (67.0–135.0) 107.5 (75.0–161.0)

HOMA-IR, median (Q1–Q3) 1.7 (1.2–2.6) 2.0 (1.3-3.3) 2.4 (1.5-4.3)

Smoking status, % (n)

Past/never 86.3 (1618) 80.2 (699) 74.9 (251)

Current 13.7 (256) 19.8 (173) 25.1 (84)

Physical activity score, median (Q1–Q3) 7.7 (6.5–9.0) 7.6 (6.5–8.8) 7.4 (6.2–8.5)

Medication use

BP lowering, % (n) 11.2 (210) 17.1 (149) 23.9 (80)

Lipid lowering, % (n) 0.9 (16) 1.0 (9) 1.8 (6)

Antidiabetics, % (n) 2.2 (41) 3.9 (34) 2.7 (9)

Estradiol, median (Q1–Q3), pg/mL 57.7 (34.1–89.9) 52.1 (32.6–86.2) 48.3 (28.6–86.0)

BMI indicates body mass index; BP, blood pressure; DBP, diastolic BP; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model 
assessment insulin resistance; LDL-C, low-density lipoprotein cholesterol; Q1, quartile 1; Q3, quartile 3; SBP, systolic BP; SWAN, Study of Women’s Health 
Across the Nation; and VMS, vasomotor symptoms.
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The hallmark symptom of menopause is VMS. VMS 
are increasingly appreciated to be frequent or severe for 
many women and often persist for over a decade.10,11 
These symptoms, previously regarded as inciden-
tal, have been linked to a poorer CVD risk factor pro-
file,12,13,15,40 to markers of endothelial dysfunction,16,17,41 
and to subclinical CVD (carotid atherosclerosis22,23 and 
aortic calcification16). However, much more limited liter-
ature has considered the associations between VMS 
and the onset of clinical CVD. A report from 2 combined 
European cohorts found VMS to be associated with in-
cident coronary heart disease, but VMS were assessed 
with limited and ambiguous questions administered at 
a single time point.24 An Australian study found that 
frequent VMS, assessed 6 times over midlife, were as-
sociated with greater risk of coronary heart disease.27 
However, in this study, the event rate was low (1.6%), 
precise information on the timing of events was not avail-
able, key risk factors were not measured, and the cohort 
was composed almost exclusively of White women. 
The WHI (Women’s Health Initiative) Study showed that 
late-occurring VMS were associated with incident cor-
onary heart disease,26 whereas a report from the WISE 
(Women’s Ischemia Syndrome Evaluation) Study found 
that VMS occurring early in midlife were associated with 
greater subsequent CVD mortality.25 In both of these 
studies, VMS reports were assessed at a single time 
point and relied on recalled information from many years 
earlier. With its repeated prospective assessments of 
VMS over 16 visits and 22 years and prospective collec-
tion of CVD events, the present study provides among 
the strongest evidence to date that frequent VMS expe-
rienced either early in the menopause transition or per-
sistently over the course of the transition are associated 
with incident CVD.

Future work is required to elucidate the nature of 
and underlying mechanisms linking VMS to CVD. 

Although frequent VMS can serve as a marker of or 
be causally involved in poor or degrading cardiovas-
cular health during midlife, the precise nature of this 
VMS-CVD relation warrants ongoing empirical atten-
tion. Furthermore, the potential mechanisms underly-
ing the link between VMS and subsequent CVD should 
be further elucidated. The investigation of these mech-
anisms has been limited by the somewhat uncertain 
etiology of VMS. Although changes in endogenous sex 
hormones play a role in VMS, they are not the sole 
determinant of VMS,42 and most evidence indicates 
that VMS are hypothalamic thermoregulatory events43 
induced by the hypothalamic neuropeptide neuroki-
nin B.44 Further, sex hormones have typically not ex-
plained relations between VMS and indicators of CVD 
risk.16,22,45 Other mechanisms may include traditional 
CVD risk factors. Although women with frequent VMS 
have a poorer CVD risk factor profile,13,15,40 adjusting for 
CVD risk factors somewhat attenuated but did not ex-
plain observed associations. Notably, VMS are charac-
terized by transient reductions in vagal influence over 
the heart,18 VMS have been linked to poorer endothelial 
function,16,17,41 and more limited literature links VMS to 
a proinflammatory or procoagulant profile20,21 and de-
ranged hypothalamic pituitary adrenal axis function.46 
The role of these factors, as well as any genetic fac-
tors that may underlie VMS-CVD links, warrants further 
investigation.

These study findings should be interpreted in light 
of several limitations. The proportion of nonfatal events 
that was adjudicated was relatively low, likely due in 
part to the fact that collection of information required 
for adjudication occurred in follow-up visits 12/13 and 
15. Thus, women who did not attend these visits, who 
died, or who dropped out before attending these visits 
did not provide information required for adjudication 
events. Furthermore, not all women correctly identi-
fied the hospital where the event was treated or the 
date on which the event occurred. Other women did 
not provide consent to access their medical records 

Table 2.  Association Between Baseline VMS and 
Combined Incident Fatal and Nonfatal CVD Events in SWAN 
(N=3083)

Frequency of VMS

Model 1: 
HR (95% CI), 

P Value

Model 2: 
HR (95% CI), 

P Value

1–5 d/2 wk 1.33 (0.98–1.79), 
0.065

1.02 (0.75–1.39), 
0.89

≥6 d/2 wk 2.16 (1.53–3.04), 
<0.001

1.51 (1.05–2.17), 
0.026

Relative to no VMS in prior 2 weeks; missing covariate values imputed on 
the basis of mean levels. For 1 to 5 days/2 weeks: N=873, CVD events=73; for 
≥6 days/2 weeks: N=335, CVD events=51. Model 1: adjusted for site, baseline 
age, and race/ethnicity. Model 2: adjusted for model 1 covariates+baseline 
education, financial strain, menopause stage, systolic blood pressure, body 
mass index, low-density lipoprotein cholesterol, triglycerides, homeostatic 
model assessment insulin resistance, smoking, physical activity, medication 
use (blood pressure lowering, lipid lowering, or antidiabetic), and proportion 
of follow-up visits using hormone therapy. CVD indicates cardiovascular 
disease; HR, hazard ratio; SWAN, Study of Women’s Health Across the 
Nation; and VMS, vasomotor symptoms.

Figure 1.  Baseline vasomotor symptoms (VMS) in relation 
to fatal and nonfatal cardiovascular disease (CVD) events, 
N=3083, 231 events.
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required for adjudication. It also is possible that some 
of these reported CVD events were not actual CVD 
events. However, secondary analyses restricted to ad-
judicated CVD events were consistent with the main 
study findings. Furthermore, <7% of women were ex-
cluded from the primary analyses, but these women 
were more often Black women, were more often finan-
cially strained, and had a poorer CVD risk factor pro-
file, which are also features of women with the highest 
burden of VMS. Women with a lower socioeconomic 
status were also less likely to participate in SWAN as a 
whole. Thus, the most high-risk, symptomatic women 
may have been underrepresented in this analysis, po-
tentially biasing our findings to the null. Several sec-
ondary models were tested that should be regarded 
with caution given issues of multiple testing. Women 
reported approximately yearly the number of days in 
the prior 2 weeks they had experienced VMS, but the 
daily frequency or severity of VMS was not assessed. 
Thus, women who had different patterns of VMS in the 
past 2 weeks from the other parts of the year would 
have been misclassified. Furthermore, the VMS mea-
sure was relatively crude, and women with inconsis-
tent patterns of VMS over the 2-week recall period (eg, 
frequent VMS some days and few/no VMS other days) 
may have been misclassified.

This study had several strengths. It was conducted 
in a well-characterized cohort of women who have 
been observed for up to 22 years over the course of 
the menopause transition. Five racial/ethnic groups 
were represented. Prospective assessments were 
conducted on both exposures and outcomes. VMS 
were assessed repeatedly and approximately annually, 
and CVD events were characterized. Multiple covari-
ates and potential confounders were assessed repeat-
edly over the menopause transition.

In conclusion, in this longitudinal cohort study of the 
menopause transition, we found that frequent VMS or 
persistent VMS over midlife are associated with a 50% 
to 77% increased risk of future CVD events. Thus, VMS 
may represent a novel, female-specific CVD risk fac-
tor, as VMS may point to women at risk of future CVD 
events beyond those identified on the basis of tradi-
tional CVD risk factors. These findings underscore that 
women with frequent or persistent VMS warrant par-
ticular attention for CVD risk reduction and prevention.
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Table S1. Baseline characteristics by inclusion in analytic sample: The Study of Women’s 

Health Across the Nation (SWAN). 

 

 

Included  

(N=3083) 

Excluded 

(N=219) 

Age, median (Q1-Q3) 46.0 (44.0 - 48.0) 46.0 (44.0 - 48.0) 

Race/Ethnicity, % (n)   

Black 28.4 (875) 26.9 (59) 

White 47.5 (1464) 39.7 (87) 

Chinese 7.8 (242) 3.7 (8) 

Hispanic 7.4 (227) 26.9 (59) 

Japanese 8.9 (275) 2.7 (6) 

Education, % (n)   

High school or less 23.8 (727) 42.8 (92) 

Vocational/some college 32.5 (993) 27.0 (58) 

College or higher 43.7 (1336) 30.2 (65) 

Financial strain, % (n)   

Somewhat/very hard 38.6 (1182) 60.5 (130) 

Not hard 61.4 (1883) 39.5 (85) 

Menopause stage, % (n)   



 

Included  

(N=3083) 

Excluded 

(N=219) 

Early perimenopause 45.7 (1402) 46.7 (99) 

Premenopause 54.1 (1658) 52.8 (112) 

Unknown 0.2 (5) 0.5 (1) 

BMI, median (Q1-Q3) 26.5 (22.8 - 32.0) 28.6 (24.5 - 33.6) 

SBP (mmHg), median (Q1-Q3) 115.0 (106.0 - 127.0) 119.0 (111.0 - 130.0) 

DBP (mmHg), median (Q1-Q3) 74.0 (69.0 - 81.0) 80.0 (71.0 - 84.0) 

LDL-C cholesterol (mg/dl), median (Q1-

Q3) 
114.0 (94.0 - 135.0) 119.0 (99.0 - 136.5) 

HDL-C (mg/dl), median (Q1-Q3) 54.0 (46.0 - 64.0) 50.0 (42.0 - 58.0) 

Triglycerides (mg/dl), median (Q1-Q3) 90.0 (67.0 - 129.0) 106.0 (75.0 - 156.0) 

HOMA-IR, median (Q1-Q3) 1.8 (1.3 - 3.0) 2.5 (1.5-4.5) 

Smoking status, % (n)   

Past/never 83.3 (2568) 69.4 (152) 

Current 16.7 (513) 30.6 (67) 

Physical activity score, median (Q1-Q3) 7.6 (6.4 - 8.9) 7.3 (5.8 - 8.8) 

Medication use   

         BP lowering, % (n) 14.2 (439) 14.6 (32) 



 

Included  

(N=3083) 

Excluded 

(N=219) 

         Lipid lowering, % (n) 1.0 (31) 1.4 (3) 

         Anti-diabetics, % (n) 2.7 (84) 6.8 (15) 

Estradiol (pg/mL), median (Q1-Q3) 54.8 (32.8 - 88.2) 62.7 (34.5 - 96.3) 

 

VMS = vasomotor symptoms; BMI = body mass index; BP = blood pressure; SBP = systolic 

blood pressure; DBP = diastolic blood pressure; LDL-C = low density lipoprotein cholesterol; 

HDL-C = high density lipoprotein cholesterol; HOMA-IR = homeostatic model assessment 

insulin resistance   

 

  



Table S2. Relation between baseline VMS and adjudicated nonfatal CVD events in SWAN 

(N=3083). 

 Model 1 

HR (95% CI) 

P value 

Model 2 

HR (95% CI) 

P value 

Frequency of VMS, prior two weeks   

     1-5 days 1.94 (1.12-3.36) 

0.02 

1.64 (0.93-2.88) 

0.087 

     6 days 2.58 (1.33-5.00) 

0.01 

2.25 (1.12-4.51) 

0.02 

 

Relative to no VMS, prior two weeks 

Model 1: Adjusted for site, baseline age, race/ethnicity 

Model 2: Adjusted for model 1 covariates + baseline education, financial strain, menopause 

stage, SBP, BMI, LDL-C, triglycerides, HOMA-IR, medication use (BP-lowering, lipid-lowering, 

anti-diabetic, hormone therapy), smoking, physical activity 

  



Table S3. Relation between VMS over the study and adjudicated nonfatal CVD events in 

SWAN (N=3083). 

 Model 1 

HR (95% CI) 

P value 

Model 2 

HR (95% CI) 

P value  

Persistent frequent VMS (>33% of attended 

visits with frequent VMS)* 

2.15 (1.30, 3.55) 

0.003 

1.99 (1.16, 3.40) 

0.01 

 

*Relative to ≤33% of attended visits with frequent VMS 

Frequent VMS: VMS 6 days in the prior two weeks; Missing covariate values imputed based 

upon mean levels  

Model 1: Adjusted for site, baseline age, race/ethnicity, number of attended visits 

Model 2: Adjusted for model 1 covariates + baseline education, average financial strain, 

baseline menopause stage, average systolic blood pressure, average body mass index, 

average low density lipoprotein cholesterol, average triglycerides, average homeostatic model 

assessment insulin resistance, average physical activity, proportion of visits smoking, 

medication use (proportion of visits using blood pressure-lowering, lipid-lowering, anti-diabetic, 

hormone therapy), number of attended visits 

 

  



Table S4. Relation between VMS and combined incident fatal and nonfatal CVD events in 

SWAN, adjusting for endogenous estradiol concentrations (N=3083). 

 HR (95% CI) 

P value 

Baseline frequency of VMS, past two weeks* 

     1-5 days 

     

     6 days 

 

1.01 (0.74, 1.37) 

0.98 

1.48 (1.03-2.14) 

0.03 

Persistent frequent VMS over the study (>33% of attended visits 

with frequent VMS)§ 

1.75 (1.32, 2.33) 

0.0001 
 

*Relative to no VMS, prior two weeks, §Relative to ≤33% of attended visits with frequent (6 

days in the prior two weeks) VMS; baseline VMS and persistent VMS considered in two 

separate models 

Missing covariate values imputed based upon mean levels; For baseline VMS models, 

covariates derived from baseline; for persistent VMS models, covariates averaged over study 

(proportion of visits for categorical variables) with the exception of age, menopause stage, and 

education which were baseline values for both models 

Adjusted for site, age, race/ethnicity, education, financial strain, menopause stage, SBP, BMI, 

LDL-C, triglycerides, HOMA-IR, medication use (BP-lowering, lipid-lowering, anti-diabetic, 

hormone therapy), smoking, physical activity, endogenous estradiol, cycle day of blood draw 

(baseline VMS models), and number of attended visits (VMS persistence models) 

 


