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OBJECTIVE

Early menopause may be associated with higher cardiovascular disease (CVD)
risk. Type 2 diabetes mellitus (T2DM), coupled with early menopause, may result
in even greater CVD risk in women. We examined CVD risk in women with early
compared with normal-age menopause, with and without T2DM overall, and by
race/ethnicity.

RESEARCH DESIGN AND METHODS

We pooled data from the Atherosclerosis Risk in Communities study, the Multi-
Ethnic Study of Atherosclerosis, and the Jackson Heart Study. We included
women with data on menopausal status, menopausal age, and T2DM, excluding
pre- or perimenopausal women and those with prevalent CVD. Outcomes
included incident coronary heart disease (CHD), stroke, heart failure (HF), and
atherosclerotic cardiovascular disease (ASCVD) (CHD or stroke). We estimated
the risk associated with early (<45 years) compared with normal-age menopause
using Cox proportional hazards models. Covariates included age, race/ethnicity,
education, BMI, blood pressure, cholesterol, smoking, alcohol consumption, anti-
hypertensive medication, lipid-lowering medication, hormone therapy use, and
pregnancy history.

RESULTS

We included 9,374 postmenopausal women for a median follow-up of 15 years.
We observed 1,068 CHD, 659 stroke, 1,412 HF, and 1,567 ASCVD events. T2DM
significantly modified the effect of early menopause on CVD risk. Adjusted hazard
ratios for early menopause and the outcomes were greater in women with T2DM
versus those without (CHD 1.15 [95% CI 1.00, 1.33] vs. 1.09 [1.03, 1.15]; stroke
1.21 [1.04, 1.40] vs. 1.10 [1.04, 1.16]; ASCVD 1.29 [1.09, 1.51] vs. 1.10 [1.04,
1.17]; HF 1.18 [1.00, 1.39] vs. 1.09 [1.03, 1.16]). The modifying effect of T2DM on
the association between early menopause and ASCVD was only statistically sig-
nificant in Black compared with White women.

CONCLUSIONS

Early menopause was associated with an increased risk for CVD in postmeno-
pausal women. T2DM may further augment the risk, particularly in Black
women.
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One in three women dies as a result of
cardiovascular disease (CVD) worldwide
(1,2). The risk of CVD increases markedly
after menopause (3). Menopause is
characterized by a decrease in endoge-
nous production of estrogen (4), which is
associated with vascular dysfunction,
increased blood pressure, redistribution
of body fat toward abdominal areas, and
hyperlipidemia, all of which increases
CVD risk (4). The typical age range for
menopausal transition is between 45
and 55 years; menopause onset at an
age younger than 45 years is considered
early menopause (5,6). Early menopause
may be more detrimental to women’s
cardiovascular health because of the
early cessation of estrogen’s cardiovascu-
lar protection (3). Early menopause has
been associated with increased risk of
coronary heart disease (CHD) (7–9) and
heart failure (HF) (10,11) and less consis-
tently with stroke (9,12).
Midlife women with underlying meta-

bolic disorders, such as type 2 diabetes
mellitus (T2DM), face a higher risk of
CVD. It is reported that postmenopausal
women with T2DM are three times
more likely to develop CHD or stroke
than women without T2DM (13). The
extent to which early menopause com-
pounded by T2DM places women at an
even higher risk of CVD is unknown.
Additionally, despite previous evidence
showing racial/ethnic heterogeneities in
menopausal age (14), burden of T2DM
(15), and postmenopausal CVD risk
(15,16), it is unclear whether the effect
of early menopause on CVD risk differs
among races/ethnicities. Prior studies
were limited by insufficient clinical
events to determine whether early men-
opausal age contributes to a higher risk
for CVD in racial minorities, such as non-
Hispanic Blacks (Blacks) (8,10). Moreover,
clinical studies examining the effect of
menopausal transition and treatments
on CVD risk often had limited or no rep-
resentation of women with T2DM
(17,18). Therefore, these studies were
unable to shed light on the collective
effect of early menopause and T2DM on
subsequent CVD risk in postmenopausal
women. In the current study, we used
pooled data from three large multiethnic
prospective studies to compare CVD risk
in early menopausal women versus
women who experienced menopause at
normal age with or without T2DM, over-
all, and by racial group.

RESEARCH DESIGN AND METHODS

Study Population
Participants were pooled from three
major U.S. prospective studies of CVD:
the Atherosclerosis Risk in Communities
(ARIC) study, the Multi-Ethnic Study of
Atherosclerosis (MESA), and the Jackson
Heart Study (JHS). ARIC is a prospective
epidemiologic study that enrolled 15,792
adults 45–64 years of age from four U.S.
communities, including Forsyth County,
North Carolina; Jackson, Mississippi; Min-
neapolis, Minnesota; and Washington
County, Maryland (19,20). MESA is a pop-
ulation-based study that enrolled 6,815
adults 45–84 years of age from six U.S.
communities, including Baltimore, Mary-
land; Chicago, Illinois; Forsyth County,
North Carolina; Los Angeles County, Cali-
fornia; New York, New York; and St. Paul,
Minnesota (21). JHS is a single-site, pro-
spective, community-based study of Afri-
can American adults recruited from Jac-
kson, Mississippi (22). Detailed methods
of each cohort’s study design, recruitment
strategy, and visit protocols have been
described previously (19–22) (Supple-
mentary Appendix 1). The de-identified
data were acquired from the National
Heart, Lung, and Blood Institute Biologic
Specimen and Data Repository Informa-
tion Coordinating Center. This included
most data elements from ARIC visit 1
through visit 5, MESA visit 1 through visit
5, and JHS visit 1 through visit 3. Written
informed consent was provided by partic-
ipants for the original three studies. In
this analysis, we included women from
ARIC visits 1, 3, and 4; MESA visit 1; and
JHS visit 1 who were $45 years of age
with information on menopausal status,
age at menopause, T2DM (yes/no), and
follow-up for CVD events. We did not
include other visits from the three
cohorts because of unavailable informa-
tion on menopausal status, age at meno-
pause, or key covariates of reproductive
health information, such as ever used
menopausal hormone therapy (MHT).
This secondary analysis that involved
existing de-identified data did not require
review from the Tulane University institu-
tional review board.

Measurements
T2DM was defined as a self-reported
physician’s diagnosis, current insulin or
hypoglycemic medication use, and/or a
measured fasting glucose of$126 mg/dL.

Postmenopause, Early Menopause, and Men-

opausal Type

At the first, third, and fourth ARIC visits
and JHS baseline, women were asked the
following questions: “Have you had any
menstrual periods during the past 2
years?” “Have you reached menopause?”
“What was your age at your last men-
strual period.” Women who had not had
a menstrual period within the previous 2
years were classified as postmenopausal.
(23,24). At MESA baseline, women were
asked whether they had gone through
menopause and were required to state
the age at which they experienced meno-
pause. Women who reported that they
were going through menopause at base-
line were asked to provide the date of
their last menstrual period and the num-
ber of periods they had experienced in
the past 12 months. Women who did not
experience menstruation for $12 months
before baseline were classified as being
postmenopausal (11). Participants were
classified as having early menopause if
they experienced menopause before 45
years of age (10,11). Among postmeno-
pausal women in all cohorts, those who
reported menstrual cessation as a result
of bilateral oophorectomy or radiation
were classified as having surgical meno-
pause, whereas those who reported ces-
sation of menstrual bleeding that was
not preceded by oophorectomy or radia-
tion were classified as having natural
menopause.

CVD Outcome Definitions and Ascertain-

ments

For all three cohorts, incident CHD was
defined as a myocardial infarction (MI),
CHD death, or cardiac procedure (percu-
taneous coronary intervention, bypass
surgery, or coronary revascularization).
Stroke was defined as an ischemic or
hemorrhagic stroke. Incident atheroscle-
rotic cardiovascular disease (ASCVD)
was defined as MI, CHD death, cardiac
procedure(as just mentioned), or stroke.
The adjudication process for events
involved a panel to review hospitaliza-
tion and death data per study protocols
previously reported for all three cohorts
(21,25,26). All events were adjudicated
from medical records and death certifi-
cates for end point classification.

Covariates

We included baseline age, race/ethnic-
ity (non-Hispanic White [White], Black,
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and other), education attainment, smo-
king status, alcohol drinking status, ever
used MHT, and ever pregnant. This info-
rmation was collected using standard
questionnaires from the three studies.
We also included baseline health indica-
tors, including blood pressure, total cho-
lesterol, and BMI. Detailed measure-
ment procedures for the ARIC, MESA,
and JHS can be found in previous publi-
cations (21,25,26).

Analysis
From an original 25,725 participants
(ARIC, 15,028; MESA, 6,814; JHS, 3,883),
we excluded men, women with pre- or
perimenopause or with missing meno-
pausal status, and ARIC and JHS overlap
participants. Among postmenopausal
women, we further excluded women
with prevalent CVD; those with missing
key covariates, T2DM status, or meno-
pausal age; or those with missing CVD
outcomes. We had a total number of
9,374 postmenopausal women (T2DM,
1,237; non-T2DM, 8,137) eligible for
analysis. A detailed sample selection
process from the cohorts, individually
and overall, is shown in Supplementary
Fig. 1. Missingness for covariates was
minimal (<0.07%), except for alcohol
drinking (9% missing), menopausal type
(4% missing), and ever used MHT (11%
missing). We conducted multiple impu-
tations for these three covariates.

We used x2 and t tests to compare
the differences of characteristics between
postmenopausal women with and with-
out T2DM. CVD event rates were calcu-
lated per 1,000 person-years. Poisson
regression was conducted to compare
the difference in incidence rate between
menopause at <45 and $45 years of
age. The association between early meno-
pause and CVD outcomes was examined
in Cox proportional hazards models. The
model was first adjusted for age and
race/ethnicity and then further adjusted
for CVD risk factors, including smoking
status, alcohol drinking status, blood pres-
sure, total cholesterol, BMI, ever used
MHT, ever pregnant, and cohort indicator.
Interaction terms between early meno-
pause and T2DM were added to models
to test the potential modifying effect of
T2DM on early menopause and CVD out-
comes. The primary analysis included the
overall sample; secondary analyses were
conducted in race-specific subgroups. We

also conducted a series of sensitivity anal-
yses, including assessment of the relation-
ship between early menopause and CVD
risk in individuals <70 years old, accord-
ing to fasting glucose level and in each
individual cohort. All analyses were per-
formed using SAS 9.4 statistical software
(SAS Institute, Cary, NC).

RESULTS

Table 1 presents the descriptive charac-
teristics of the pooled cohort. Mean age
was 58 years; the T2DM group was
older than the non-T2DM group (59 vs.
58 years). Self-reported race among the
postmenopausal women in this study
was 58%, 32%, and 10% for White,
Black, and other, respectively. In the
T2DM group, there was a higher pro-
portion of Black than White women or
women of other racial groups (52% vs.
35% and 13%, respectively). In the non-
T2DM group, there were more White
than Black women or women of other
racial groups (61% vs. 29% and 10%,
respectively). Compared with women
without T2DM, individuals with T2DM
were more likely to have less than a
high school education (65% vs. 52%), be
obese (61% vs. 31%), be hypertensive
(55% vs. 35%), have experienced early
menopause (41% vs. 36%), have had
surgical menopause (42% vs. 37%), and
have a pregnancy history (94% vs. 92%).
However, they were less likely to be cur-
rent smokers (14% vs. 19%) or current
alcohol users (33% vs. 57%).

Baseline characteristics by racial group
are displayed in Supplementary Table 1.
Overall, postmenopausal women from
other racial minorities were older and
more likely to have less than a high
school education than White and Black
women at baseline. Black women had
higher rates of obesity and hypertension
(i.e., systolic blood pressure $140
mmHg or diastolic blood pressure $90
mmHg) compared with women from
White or other racial groups. White
women, however, were more likely to
have elevated total cholesterol, be cur-
rent smokers, and be current alcohol
drinkers than the other two racial
groups. Black women reported meno-
pause onset at a younger age and had
the highest proportion of surgical meno-
pause among the three racial groups in
the cohort. White women were more
likely to use MHT than the Black and

other racial groups. Across all racial
groups, women with T2DM were older
and more likely to have less than a high
school education. They were more likely
to be obese and hypertensive, less likely
to be smokers or alcohol drinkers, and
less likely to use MHT at baseline than
women without T2DM (Supplementary
Table 1).

In Supplementary Table 2, we pre-
sent baseline characteristics in early ver-
sus normal-age menopause. Compared
with women with normal-age meno-
pause, women with early menopause
were younger and more likely to have
less than a high school education, be a
smoker, have T2DM, be obese, and
have undergone surgical menopause.
However, women with early menopause
were less likely to be a current alcohol
drinker or hypertensive.

Baseline characteristics by cohort are
presented in Supplementary Table 3.
There were fewer participants from JHS
(only Black women) compared with the
other two cohorts. Compared with ARIC
or MESA, JHS participants had a higher
proportion of obesity, T2DM, antihyper-
tensive medication usage, early meno-
pause, and surgical menopause.

During a median follow-up of 15 years
for 9,374 postmenopausal women, 1,068
CHD, 659 stroke, 1,412 HF, and 1,567
ASCVD events were observed. Women
with early menopause experienced signif-
icantly higher crude CHD, ASCVD, and HF
event rates (incidence per 1,000 person-
years) than those who had menopause at
normal age (Fig. 1). Women with T2DM
who reported early menopause showed
significantly higher incident rates across
all outcomes than those who reported
menopause at normal age with or with-
out T2DM (Fig. 1). This remained the case
after stratifying by race.

Age- and race-adjusted associations
between early menopause and all out-
comes were statistically significant (each
P < 0.05) (Supplementary Table 4). In
fully adjusted models, the association
between early menopause and risk for
CHD (hazard ratio [HR] 1.11 [95% CI
1.06, 1.17]), stroke (1.11 [1.06, 1.17]),
ASCVD (1.12 [1.06, 1.19]), and HF (1.09
[1.03, 1.16]) remained significant (Fig. 2).
Notably, T2DM significantly modified the
relationship between early menopause
and CHD, stroke, and ASCVD (P for inter-
action #0.05). In fully adjusted Cox
models, HRs for early menopause and
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the outcomes were greater in women
with than those without T2DM (CHD,
1.15 [1.00, 1.33] vs. 1.09 [1.03, 1.15];
stroke, 1.21 [1.04, 1.40] vs. 1.10 [1.04,
1.16]; ASCVD, 1.29 [1.09, 1.51] vs. 1.10
[1.04, 1.17]; HF, 1.18 [1.00, 1.39] vs.
1.09 [1.03, 1.16]) (Fig. 2).
In fully adjusted analyses stratified by

race, early menopause was significantly
associated with increased risk of CHD,
stroke, ASCVD, and HF in White women.
In Black women, early menopause was
significantly associated with an increased
risk of stroke and ASCVD (Fig. 2). In
women of other racial groups, there was
a trend of increased risk of CHD, stroke,
ASCVD, and HF with early menopause,
despite absent statistical significance
(Supplementary Table 5). The modifying

effect of T2DM on the association
between early menopause and CVD was
especially evident in Black women (P
value for interaction between early men-
opause and T2DM was 0.07, 0.03, 0.04,
and 0.03 for CHD, stroke, ASCVD, and
HF, respectively). The risk of ASCVD asso-
ciated with early menopause was higher
in Black women with T2DM than Black
women without T2DM (Fig. 2).

To rule out the heightened CVD risk
as a result of chronological aging in the
elderly rather than our exposures of
interest (early menopause and T2DM),
we conducted a sensitivity analysis for a
cohort of women <70 years old. The
association between early menopause
and risk of CVD was attenuated. How-
ever, the modifying effect of T2DM on

the association remained significant and
was of greater magnitude (Supplemen-
tary Table 6).

We also examined the association
between early menopause and CVD risk
by fasting glucose level (<100, 100–125,
or$126 mg/dL).We found that the mag-
nitude of the association increased as the
glucose level increased (i.e., glycemic con-
trol) (Supplementary Table 7). When rep-
licating the analyses in each original
cohort, we observed similar findings to
the pooled cohort (Supplementary Table
8). Similar to results from the pooled
analysis, early menopause was associated
with significantly increased risk of CHD,
stroke, ASCVD, and HF, specifically in
ARIC and MESA. In each cohort, those
with T2DM showed higher HRs of early

Table 1—Baseline characteristics of postmenopausal women by T2DM from three cohorts

All
(n = 9,374)

T2DM
(n = 1,237)

Non-T2DM
(n = 8,137) P

Age (years) 57.7 ± 8.6 58.9 ± 8.4 57.6 ± 8.6 <0.0001

Race/ethnicity <0.0001

Non-Hispanic White 5,391 (57.5) 436 (35.2) 4,955 (60.9)
Non-Hispanic Black 3,016 (32.2) 641 (51.8) 2,375 (29.2)
Other 967 (10.3) 160 (13.0) 807 (9.9)

Education <0.0001

High school or less 5,027 (53.7) 804 (65.1) 4,223 (52.0)
More than high school 4,332 (46.3) 432 (35.0) 3,900 (48.0)

Current smoking 1,709 (18.2) 176 (14.2) 1,533 (18.9) <0.0001

Current alcohol drinking 5,064 (54.0) 407 (32.9) 4,657 (57.2) <0.0001

BMI

BMI (kg/m2) 28.5 ± 6.3 32.4 ± 6.7 27.9 ± 6.0 <0.0001
BMI $30 kg/m2 3,263 (34.8) 747 (60.5) 2,516 (30.9) <0.0001

Blood pressure

SBP (mmHg) 125.1 ± 21.2 133.3 ± 22.5 123.9 ± 20.7 <0.0001
DBP (mmHg) 71.1 ± 10.6 71.6 ± 10.9 71.0 ± 10.5 0.05
SBP $140 mmHg or DBP $90 mmHg 3,535 (37.8) 680 (55.1) 2,855 (35.1) <0.0001

Cholesterol

Total (mg/dL) 212.2 ± 40.9 212.3 ± 47.0 212.2 ± 39.9 0.96
Total cholesterol $200 mg/dL 5,542 (59.6) 689 (57.5) 4,853 (59.9) 0.11

Antihypertensive medication 3,167 (33.8) 743 (60.2) 2,424 (29.8) <0.0001

Lipid-lowering medication 2,294 (24.6) 494 (40.2) 1,800 (22.2) <0.0001

Menopausal age (years) 45.4 ± 7.0 44.7 ± 7.6 45.6 ± 6.9 <0.0001

Early menopause (<45 years) 3,447 (36.8) 511 (41.4) 2,936 (36.1) 0.0004

Menopausal type

Natural 5,757 (61.4) 703 (56.8) 5,054 (62.1) 0.001
Surgical 3,519 (37.5) 516 (41.7) 3,003 (36.9)
Not specified 98 (1.1) 18 (1.5) 80 (1.0)

Ever used hormone therapy 5,051 (54.1) 591 (48.1) 4,460 (55.1) <0.0001

Ever pregnant 8,609 (91.9) 1,158 (93.7) 7,451 (91.6) 0.01

Data are mean ± SD or n (%). Missing n for covariates: education, 15; smoking, 4; BMI, 5; blood pressure, 10; cholesterol, 69; antihyperten-
sive medication, 11; lipid-lowering medication, 40; and ever pregnant, 5. DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Unadjusted ASCVD event rates per 1,000 person-years

Unadjusted HF event rates per 1,000 person-years
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Unadjusted CHD event rates per 1,000 person-years

Unadjusted stroke event rates per 1,000 person-years

15

20

0

5

10

< 45
≥ 45

Combined White Black Others

< 45
≥ 45

0

8

10

2

4

6

Combined White Black Others

< 45
≥ 45

0

5

10

15

20

25

Combined White Black Others

< 45
≥ 45

25

0

5

10

15

20

Combined White Black Others

** p<0.0001; * p<0.05; ns: not significant

for menopause <45 vs ≥ 45
for T2DM vs non-T2DM

** p<0.0001; * p<0.05; ns: not significant

for menopause <45 vs ≥ 45
for T2DM vs non-T2DM

** p<0.0001; * p<0.05; ns: not significant

for menopause <45 vs ≥ 45
for T2DM vs non-T2DM

** p<0.0001; * p<0.05; ns: not significant

for menopause <45 vs ≥ 45
for T2DM vs non-T2DM

* *

* *

*

ns

ns

ns ns
ns

ns

ns

ns

ns ns

ns

**

**

**

** **
**

**
**

**

**
**

**

**

*

*

ns

Overall T2DM Non-T2DM

Overall T2DM Non-T2DM

Overall T2DM Non-T2DM

Figure 1—Unadjusted event rates (per 1,000 person-years) of CHD, stroke, ASCVD, and HF.
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menopause and CVD outcomes than
those without T2DM (Supplementary
Table 8). The modifying effect of T2DM
was especially pronounced in JHS, which
consisted of only Black women, among
whom T2DM was more prevalent than
other racial groups in the study (Supp-
lementary Tables 1 and 8).

CONCLUSIONS

The main finding of this study is the aug-
mentation of the association between

early menopause and the incidence of
CVD by T2DM. The hazard of CVD associ-
ated with early menopause was more
evident in women with T2DM than
those without, particularly among Black
participants. In our study, more Black
women had poor glycemic control (i.e.,
fasting glucose $136 mg/dL) than White
women (5.5% vs. 1.7%). The nonsignifi-
cant modifying effect of T2DM in White
women was possibly due to the smaller
number of individuals with T2DM and/or

a relatively better glycemic control. Addi-
tionally, the association between early
menopause and CVD risk is similarly
strong across Black and White women.
T2DM is the most common chronic dis-
ease in postmenopausal women and a
significant predictor of CVD (27); how-
ever, few studies have examined CVD
risk in postmenopausal women with pre-
existing T2DM, especially among those
with early menopause. T2DM accelerates
reproductive aging and contributes to
premature ovarian failure by various
mechanisms, including lower levels of sex
hormone–binding globulin, estradiol, hyp-
othalamic-pituitary hypofunction, and
hyperandrogenism (27). Menopause,
on the other hand, is associated with
increased abdominal fat, insulin resis-
tance, and excess hepatic lipid accu-
mulation (27), which increase risks of
CHD and stroke in postmenopausal
years (28). Moreover, menopausal estro-
gen deficiency alters glucose homeosta-
sis. Glycemic control could be further
compromised by increased cortisol dur-
ing menopause, which favors atheroscle-
rosis and is associated with cardio-
vascular consequences in postmeno-
pausal years (29). T2DM and early meno-
pause have been individual predictors of
morbidity and mortality as a result of
CVD in women. The current study under-
scores the importance of both early
menopause and T2DM with regard to
CVD risk among women and identifies
for clinicians a new high-risk subgroup of
women to monitor and treat to reduce
the burden of postmenopausal CVD.

Our study extends prior findings by
confirming a positive association between
early menopause and stroke and ASCVD.
Estrogens increase vasodilatation (26),
inhibit the response of blood vessels to
injury, and delay the development of ath-
erosclerosis (25). Early loss of estrogen
impairs vascular function and increases
inflammatory cytokine production at you-
nger ages, which further damages vascu-
lar function (27) and leads to ASCVD.
However, observational findings about
the effect of early menopause on stroke
have been inconclusive. Two meta-analy-
ses reported a statistically nonsignificant
hazard of stroke following early meno-
pause (9,30), which was also reported in
three separate studies (31–33). Two of
these studies, however, were restricted
to women who never used MHT (31,33),
while another was limited by a small
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Non-T2DM 1.06 (0.96, 1.17)
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Figure 2—Adjusted HRs of early menopause and CHD (A), stroke (B), ASCVD (C), and HF (D).
HRs were adjusted for age, race, cohort indicator, education, smoking status, alcohol drinking
status, BMI, mean blood pressure, mean total cholesterol, antihypertensive medication, lipid-
lowering medication, ever used hormone therapy, pregnancy history, and T2DM. *P< 0.05.
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number of stroke events (32). Conversely,
the Framingham Heart Study, the Nurses’
Health Study, and a Chinese cohort study
all reported that women with early men-
opause had a significantly elevated risk
for ischemic or hemorrhagic stroke (34–
36). In two meta-analyses, researchers
also found that early menopause is signif-
icantly associated with increased risk of
stroke (12,37). Here, we leveraged three
large longitudinal cohorts of CVD and
confirmed a significant positive relation-
ship between early menopause and stroke

or ASCVD. Furthermore, our findings on
the positive association between early
menopause and HF aligned with previous
reports (10,11).

We also addressed a limitation of the
literature where most studies of post-
menopausal CVD risk were predomina-
ntly based on a single-race or a com-
bined racial/ethnic sample (31–36). Tim-
ing and reasons for reaching meno-
pause differ by race/ethnicity. Black
women reach menopause earlier than
White women (14) and are more likely

to receive premenopausal hysterectomy
with oophorectomy, leading to early
surgical menopause (38). There is also a
large heterogeneity in the risk and bur-
den of CVD by ethnicity among women,
with Black women facing significantly
higher rates of T2DM and subsequent
CVD than White women (39). In our
study, we provided a racial-specific per-
spective in the relationship between
early menopause and CVD risk.

The strengths of this study include
the use of three large and well-charac-
terized multiethnic cohorts, which pro-
vides an opportunity to investigate the
relationship between early menopause
and CVD by T2DM status and race. The
three cohorts also included a standard-
ized evaluation of risk factors and ascer-
tainment of CVD events that were adj-
udicated by end point committees. Add-
itionally, the participant-level data from
the established CVD cohorts enabled us
to harmonize variables using common
definitions, coding, and cutoff points,
which is superior to meta-analysis of
published aggregated results. Several
limitations of the study warrant consid-
eration. First, the inadequate power
from participants who did not identify
as non-Hispanic White or non-Hispanic
Black (i.e., other race/ethnicity) pre-
cludes a precise estimation of the effect
of early menopause as well as the
potential modifying effect of T2DM on
CVD risk in this subpopulation. This
highlights the importance of including
more racial minority women in future
epidemiological studies to support rob-
ust analysis regarding women’s post-
menopausal cardiovascular health. Sec-
ond, the self-reported menopausal age
may be subject to error and may have
resulted in misclassification. The preci-
sion of recollecting age at menopause is
likely to decrease as time since meno-
pause increases (40). This may dilute
the relative hazard estimates, as women
who had undergone early menopause
may subsequently report an older age
at menopause (10). Third, it remained
unanswered in the literature whether
early cessation of reproductive function
etiologically increases risk of CVD or
whether latent CVD causes reproductive
aging (or both) (3). On the basis of our
data, we were unable to assess direc-
tionality of the association, but through
exclusion of those with prevalent CVD
and adjustment for conventional CVD
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Figure 2—Continued.
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risks in analysis, we were able to exam-
ine the role of early menopause in CVD
risk.
In conclusion, early menopause is

associated with increased risk of CHD,
stroke, ASCVD, and HF in postmeno-
pausal women. T2DM further augments
the CVD risk in early menopausal
women, specifically the Black subgroup.
Early menopause is an important deter-
minant of future CVD risk and should
be included in CVD risk stratification
and assignment of early interventions
for postmenopausal women, especially
among those with T2DM.
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