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Abstract
Objective—Cardiovascular disease is the number one killer of women. Identifying women at risk
of cardiovascular disease has tremendous public health importance. Early menopause is associated
with increased cardiovascular disease events in some predominantly white populations, but not
consistently. Our objective was to determine if a self-reported early menopause (menopause at an
age <46) identifies women as at risk for future coronary heart disease or stroke.

Methods—The study population came from the Multi-Ethnic Study of Atherosclerosis, a
longitudinal, ethnically diverse cohort study of US men and women aged 45 to 84 years enrolled
in 2000–2002 and followed up until 2008. The association between a personal history of early
menopause (either natural menopause or surgical removal of ovaries at an age <46) and future
coronary heart disease and stroke was assessed in 2509 women (ages 45–84, 987 White, 331
Chinese, 641 Black, 550 Hispanic) from the Multi-Ethnic Study Atherosclerosis, who were free of
cardiovascular disease at baseline.

Results—693/2509 (28%) of women reported either surgical or natural early menopause. In
survival curves, women with early menopause had worse coronary heart disease and stroke-free
survival (log rank p=<0.008 and 0.0158). In models adjusted for age, race/ethnicity, Multi-Ethnic
Study Atherosclerosis site and traditional cardiovascular disease risk factors, this risk for coronary
heart disease and stroke remained (HR 2.08, 95% CI 1.17, 3.70 and 2.19, 95% CI 1.11, 4.32,
respectively).

Conclusions—Early menopause is positively associated with coronary heart disease and stroke
in a multiethnic cohort, independent of traditional cardiovascular disease risk factors.
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INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of death in US women.1 The early
identification of women at high risk of CVD and implementation of appropriate lifestyle and
medical therapy is of tremendous public health importance. Current strategies for identifying
high risk women involve counting major coronary heart disease (CHD) factors and
estimating 10-year risk with algorithms.2–4 The algorithm most commonly used to identify
women at high risk of CHD, the Framingham risk score, relies heavily on age and
biomarkers. Clinical history including smoking history is incorporated. However,
reproductive health history is not, yet a number of cohort studies have identified an
association between early menopause and cardiovascular risk.5–12

The second Adult Treatment Panel (ATP II) report included a history of premature
menopause in global CVD risk assessment.13 It considered premature menopause without
estrogen therapy a risk factor for CHD. This plus one other risk factor (family history of
premature CHD, current cigarette smoking, hypertension, low high-density lipoprotein
(HDL) HDL cholesterol, or diabetes) identified a woman as having high CHD risk. This was
based on observational studies that indicated that increases in LDL with menopause were
reversed by hormone therapy (HT).14 The panel posited that the presence of estrogen may
protect women from CHD. However, subsequent panels (ATP III3, 15) dropped early
menopause as a risk factor. This may have been because HT was not shown to confer
protection from CHD in randomized trials.16,17

Whether HT benefits vascular health is intensely debated. However, observational studies
consistently show that early age at menopause is associated with CHD7,10 and possibly
stroke.9 These studies have included mostly white or European populations and may not be
generalizable to US women not of European origin. Therefore, we investigated whether
early menopause (menopause before age 46 yrs) was associated with CHD and stroke in a
multi-ethnic population of US women. We further investigated whether this relationship was
independent of traditional CVD risk factors.

METHODS
Design Overview, Setting, and Participants

Multi-Ethnic Study Atherosclerosis (MESA) is a multi-center, longitudinal cohort study of
the prevalence and correlates of subclinical CVD and the factors that influence its
progression.18 Between July 2000 and August 2002, 3213 men and 3601 women who
identified themselves as white, black, Hispanic, or Chinese, reported that they were free of
CVD, and were 45 to 84 years of age, were recruited from 6 US communities: Baltimore
City and Baltimore County, Maryland; Chicago, Illinois; Forsyth County, North Carolina;
Los Angeles County, California; Northern Manhattan and the Bronx, New York; and St.
Paul Minnesota. Details on the sampling frames and the cohort examination procedures have
been published previously.18 Informed consent was obtained from each participant and the
study was approved by the Institutional Review Boards of each institution.

At the baseline exam (July 2000 to August 2002), medical history, anthropometric
measurements, and laboratory data were obtained. Age, gender, ethnicity, and medical and
medication histories were obtained by questionnaire. Family history of CVD was defined as
having a self-reported history of a first-degree relative (parent, sibling, or child) with heart
attack. Ever smoking was defined as having smoked ≥100 cigarettes in a lifetime. Diabetes
mellitus was defined as a fasting glucose ≥126 mg/dL19 or use of a hypoglycemic
medication.
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Blood pressure, weight and height were measured using standardized protocols.18, 20

Hypertension was defined as a systolic blood pressure (BP) >140 mm Hg, diastolic BP >90
mm Hg (JNC VI21), or self report of hypertension plus the use of an antihypertensive
medication. Body mass index (BMI) was calculated as the weight (kg) ÷ height squared
(m2). Plasma total and HDL cholesterol and glucose were measured after a 12-hour fast.

As part of the in-person MESA baseline assessment questions relevant to menopausal status
were asked of women participants. Natural menopause was determined with the questions:
“Have you gone through menopause (change of life)?” or “Are you currently going through
menopause?” Age at natural menopause was determined with the question “At what age did
you go through menopause (year)?” Surgical menopause was determined with the question
“Have you had surgery to remove your ovaries?” Age at surgical menopause was
determined with the question “At what age?” All women were asked “Have you ever taken
hormone replacement therapy?”

These questions were asked as part of an interviewer-administered form. For each question,
possible responses are “Yes”, “No,” ‘Don’t Know,” and/or ‘Not Applicable” or “N/A” (not
applicable). The interviewer was instructed to have the participant choose the appropriate
responses for each question. The interviewers were instructed not to probe or to make
interpretations about a participant’s specific symptoms. They were instructed to ask
questions as written and record answers as given. Chart reviews were not performed to
confirm menopausal status or surgical history.

For our study, early menopause was defined as a self-reported menopause at age <46. The
use of the age cutpoint of 46 allowed for the categorization of any woman not reporting
menopause at baseline as unexposed to early menopause. This was because all MESA
women were at least age 45 at enrollment.

Among all MESA women (n=3601), 1261/3601 (35%) reported hysterectomy. This
prevalence of hysterectomy appears consistent with a previously published report from the
National Women’s Health Information Center that 1/3 of women age 60 in the US have
undergone hysterectomy.22 In our study, participants with hysterectomy without
oophorectomy, missing data, or inconsistent data regarding menopausal status were
excluded from our sample (Figure 1). In our sample, 27% of women reported an early
menopause (either natural or surgical). In comparison, in a cohort study of age at natural
menopause and mortality by Snowden et al, age 46 represented the 25th percentile for age at
natural menopause.12

CHD and Stroke Outcomes
The MESA cohort has been followed for incident cardiovascular events for a median of 57.3
months (range of 1.3 to 73.2 months). The primary means of identifying possible events in
MESA is participant self-report via post-baseline contacts (follow-up calls) conducted by
telephone. Field center staff may also learn of potential events in other ways: participants
may notify the clinic when they experience an event; a MESA examination may identify a
possible event; investigation of one event may identify another event; National Death Index
search could identify a death; or field center staff may learn of a participant’s death through
an obituary or other public notice.

At intervals of 9 to 12 months, a telephone interviewer contacted each participant regarding
hospital admissions, cardiovascular outpatient diagnoses, and deaths. To verify self-reported
diagnoses, copies of all death certificates and medical records for hospitalizations and
outpatient cardiovascular diagnoses were requested. For out-of-hospital cardiovascular
deaths, next-of-kin interviews were performed. Records on an estimated 98% of reported
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hospitalized cardiovascular events and some information on 95% of reported outpatient
diagnostic encounters were obtained. Two physicians independently reviewed and classified
CVD events and assigned incidence dates. If they disagreed, they adjudicated their
differences via discussion.

Periodically, the Coordinating Center will search the National Death Index for participants
with whom the study has lost touch. The Field Centers will then be notified of these deaths
so that additional information can be obtained and so that the death can go to physician
review. Criteria for events are available on the MESA website (http://www.mesa-nhlbi.org/
Mesa-Internal/manuals.asp) and are described in published MESA manuscripts.23

Reviewers classified a myocardial infarction (MI) as definite or probable if either abnormal
cardiac biomarkers (two times upper limits of normal) regardless of pain or ECG findings;
evolving Q waves regardless of pain or biomarker findings; or a combination of chest pain,
and ST-T evolution or new LBBB, and biomarker levels 1–2 times upper limits of normal
was present. Reviewers classified a resuscitated cardiac arrest as present when a subject had
successfully recovered from a full cardiac arrest through cardiopulmonary resuscitation
(including cardioversion). The reviewers classified CHD death as present or absent based on
hospital records and interviews with families. Definite fatal CHD required an MI within 28
days of death, chest pain within the 72 hours before death, or a history of CHD and the
absence of a known non- atherosclerotic or non-cardiac cause of death. Neurologists
reviewed and classified stroke as present if there was a focal neurologic deficit lasting 24
hours or until death, with a clinically relevant lesion on brain imaging and no nonvascular
cause.

For this report, we defined incident CHD as definite or probable MI, resuscitated cardiac
arrest, and definite CHD death. Incident stroke included fatal and nonfatal stroke. Follow-up
was from the baseline examination until first CVD event, loss to follow-up, death, or
October 14, 2008, whichever came first.

Statistical Analyses
The association between early menopause and incident CHD and stroke was examined in
Kaplan Meier survival analyses and Cox proportional hazards models. Proportional hazards
models were first adjusted only for age. The models were then adjusted for demographics
(race/ethnicity and MESA site) and traditional CVD risk factors (hypertension, ever
smoking, diabetes mellitus, total and HDL cholesterol). Additional models included BMI
and family history of CHD. Secondary analyses included adjustment for HT use and type of
menopause (natural vs. surgical). Interactions between early menopause and 1) HT use 2)
type of menopause and 3) ever smoking were performed after adjustment for age, race/
ethnicity, and MESA site. We also performed sensitivity analyses that included adjustment
for education as a proxy for socioeconomic status.

To assess discrimination of a model including traditional CVD risk factors only
(hypertension, ever smoking, diabetes mellitus, total and HDL cholesterol) verses a model
that also includes early menopause, we performed multiple statistical tests. Hazard ratios
were estimated for each regression model. The incremental statistical significance of early
menopause when added to the traditional CVD risk factor model was evaluated with the
Wald test of significance of the beta coefficient. Discrimination was assessed using the area
under the receiver operator characteristic curve (ROC-AUC, or C-statistic). The C-statistic
for each model was compared with the C-statistic for the baseline model using a binomial
test (Mann-Whitney U test). All statistical analyses were performed with Stata version 8.0
(Stata Corp, Austin, Tex; http://www.stata.com) with significance set at P<l0.05 (2-tailed).
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Results
Table 1 includes baseline characteristics of participants with early menopause (n=693)
versus no early menopause (n=1816). Compared to participants without early menopause, a
greater percentage of women with early menopause was black or Hispanic, age 75–84 at
baseline, surgically menopausal, and had ever used HT.

Table 2 includes baseline CVD risk characteristics of participants with or without early
menopause. Women with early menopause were more often smokers, had diabetes, and had
a higher average BMI.

Coronary Heart Disease and Stroke Events
Fifty CHD events occurred (23 with early menopause vs. 27 without) and 37 stroke events
(18 with early menopause vs. 19 without) during a median follow-up of 4.78 years
(interquartile range 4.59 to 4.97 years). Traditional CVD risk factors were associated with
incident CHD and stroke events (see Table, Supplemental Digital Content, http://
links.lww.com/MENO/A28). CHD-free and stroke-free survival was significantly lower for
women with early menopause (Figures 2 & 3).

Early Menopause as a Predictor of CHD and Stroke
Early menopause was an independent predictor of CHD and stroke after adjustment for age,
race/ethnicity, and MESA site (2.11, 95% CI 1.19, 3.75 and 2.10, 95% CI 1.08, 4.07). It
remained an independent predictor of CHD and stroke after further adjustment for
traditional CVD risk factors (2.08, 95% CI 1.17, 3.70 and 2.19, 95% CI 1.11, 4.32). The
HRs were attenuated after adjustment for family history of CVD (1.80, 95% CI 0.99, 3.29
and 1.98, 95% CI 0.98, 4.00). Further adjustment for HT use did not alter the HRs
appreciably (1.85, 95% CI 1.01, 3.37 and 2.03, 95% CI 1.00, 4.10) (Table 3). In sensitivity
analyses that also adjusted for education, the HRs were not significantly different.

Discrimination for CHD
The C-statistic for the traditional CVD risk factors was 0.68 in our sample. When the
predicted hazard due to both early menopause and traditional CVD risk factors was used, the
C-statistic was 0.70 (p=0.55 vs. traditional CVD risk factors alone).

Secondary Analyses
Adjustment for type of menopause did not alter the results significantly. Analyses did not
provide evidence for interactions between early menopause and the covariates 1) HT use, 2)
type of menopause, and 3) ever smoking. However, power was limited for these analyses.

Discussion
Early menopause was a significant predictor of future CHD and stroke in our population-
based sample of multi-ethnic US women, independent of traditional CVD risk factors. We
found that women with early menopause have approximately a 2-fold increased risk of a
future CHD or stroke event. Our findings align with other large-scale epidemiologic studies
of early age at natural menopause and CHD. However, most of these studies assessed CHD
mortality and were predominantly in European or white cohorts.7, 8, 11, 24 For example,
studies of Norwegian, Netherlands, and Seventh Day Adventist cohorts have all shown a 1.5
to 2-fold increase in CHD mortality in women with menopause at early ages (various ages
<45) versus those with menopause at more average ages (various ages >49).7, 8, 11 In the
Nurses’ Health Study, early natural menopause (age at menopause 40–44 vs. 50–54) and
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myocardial infarction were significantly related (RR 1.42, 95% CI 1.08–1.86) after
adjustment for traditional risk factors.10

As compared with prior studies of early age at surgical menopause and CHD events, our
findings are not as strong.6, 25 However prior studies did not always adjust for other risk
factors5, 25 and included women close to the time of their surgical menopause. For our
study, we defined early menopause as a self-reported menopause that occurred naturally or
surgically before age 46. We lacked adequate power to test for interactions between type of
menopause (natural vs. surgical) and early menopause and our CVD outcomes. Longer
follow-up of the MESA cohort may provide sufficient power. This could provide valuable
information for women weighing the risks and benefits of hysterectomy and oophorectomy.
Currently, the risks and benefits of early hysterectomy and oophorectomy are unclear. A
recent study of the Women’s Health Initiative (WHI) observational cohort found that, in
women who underwent hysterectomy at age <40, oophorectomy is associated with a slightly
lower risk of ovarian and possibly breast cancer without an increased risk of CVD.26

Early Menopause and Stroke
Our study showed that early menopause was associated with an increased risk of stroke.
Prior studies have found a relationship between early menopause and stroke, although not
consistently. Studies of a Japanese cohort27 and the Framingham cohort9 have found a two-
fold increased risk of stroke in women with menopause age ages <42 as compared with
women without early menopause. In the Framingham cohort, this increased risk persisted
even when the sample was restricted to women who never smoked9. However, in a
Norwegian cohort28 and the Nurses’ Health Study10 age at natural menopause and stroke
appeared unrelated.

Factors affecting Early Menopause
Smoking and age at menopause are closely linked29–31 and smokers reach menopause on
average two years earlier than non-smokers.32 Thus studies of the relationship between early
menopause and CVD that do not adjust for smoking are likely confounded. Even in studies
that control for smoking, significant interactions between smoking and early menopause
may remain. For example, in the Nurses’ Health Study cohort (35,000 women), the
significant relationship between early natural menopause and myocardial infarction
disappeared among the non-smokers but remained in the smokers when these two groups
were stratified. We did not have adequate power to test for an interaction between smoking
history and early menopause when assessing our CVD outcomes. Longer follow-up of the
MESA cohort may provide us with this information in the future.

In our study, after adjustment for family history of CVD, early menopause was no longer a
statistically significant predictor of CVD events. This may be because 1) of insufficient
power 2) family history of CVD is a better predictor of CVD than early menopause, or 3)
the variables are highly related. The timing of menopause and CVD both appear highly
heritable. Family history of premature CHD is included in CVD risk algorithms developed
for postmenopausal women2. Family history of menopausal age is highly associated with
age at natural menopause.33, 34 Because of these observations, cross-cohort analyses of
genetic variation in cardiovascular disease and reproductive aging are currently
underway.35, 36 But studies of both family history of menopause and family history of CVD
are also needed. These studies could identify the optimal family and reproductive history
variables for inclusion in CVD risk algorithms.
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Limitations
Validity and Accuracy of Self-Report of Age at Menopause—Our study has
several limitations including the accuracy and precision of self-reported menopause. Given a
recent NIH consensus definition of natural menopause as “12 months of amenorrhea
following the final menstrual period (FMP)”37, menstrual calendars performed at the time of
waning ovarian function are a reasonable gold standard for determining menopause.
However, this requires following women beginning early in life. One menstrual calendar
study that began during college life found that at ~7 years post-menopause, 76% of women
accurately report menopause within 1 year of their final menstrual period. On average, this
recalled age is slightly higher the menstrual calendar age at menopause.

Studies of precision of natural menopause recall from the Nurses’ Health Study38 and
NHANES39 have found worsening precision over time. Depending on the follow-up
interval, 82%-44% of women recalls an age at menopause within 1 year of their initial
report. Precision appears to decrease as time since menopause increases, but this decrease is
not related to current age or education.39 It may have a regression toward the mean pattern,
with women initially reporting early menopause subsequently reporting an older age at
menopause.40 These previous studies of menopausal recall suggest that our findings may be
biased toward the null.

Women’s accuracy of reporting ovarian removal at hysterectomy appears low with a bias
toward underreporting when checked against medical records (sensitivity and PPV, 64% and
100%).41 Women’s precision in recalling age at surgical menopause appears superior to
recalling age at natural menopause, with less variance over time.38, 39, 42 Given these data,
some participants excluded for reporting simple hysterectomies were likely surgically
menopausal; however, it is unlikely that surgically menopausal participants were
misclassified. In general, accuracy and precision issues surrounding self-reported surgical
menopause should not bias our findings significantly.

Exclusion of Simple Hysterectomy—Bias may be introduced by the exclusion or
inclusion of women with simple hysterectomy in studies of the timing of menopause and
clinical outcomes.43, 44 Loss of menstrual bleeding due to a waning of ovarian function
cannot be observed in hysterectomized women. Age at menopause is thus unknown in this
group. Studies including women with simple hysterectomy use varying definitions for age at
menopause in women with simple hysterectomy (based on symptoms, surgery, or arbitrary
age cutpoints). These varying definitions have been shown by some43 but not other44

researchers to alter conclusions significantly. We excluded women with simple
hysterectomy from our analyses and our findings are not applicable to this group.

Survival Bias—MESA participants were CVD-free at baseline at ages 45–84. Women in
MESA may represent survivors of early menopause who did not develop CHD or die prior
to enrollment. The true point estimate for the relationship between early menopause and
CVD may be larger than we observed because of survival bias.

Strengths and Implications—We found that early menopause is a moderate predictor of
CHD and stroke, even after adjusting for traditional CVD risk factors in a diverse population
of US women. This may suggest that early menopause, if possible, should be avoided and
that women with early menopause may be a group to target for aggressive CVD prevention
strategies. Prior to the WHI trial findings, physicians recommended oral HT anticipating that
this therapy would negate any detrimental cardiovascular effects associated with menopause.
Given the lack of cardioprotective benefit and potential harms of menopausal HT16, 17, long
term therapy with HT is no longer recommended for postmenopausal women.45 However,
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the use of HT in women with early menopause until the time of an average age of
menopause (~50) remains in guidelines46, 47, although a paucity of data exists regarding the
risks and benefits of this approach.

Given the current lack of evidence that peri-menopausal or menopausal HT is
cardioprotective, reducing the incidence of early surgical menopause by reducing elective
oophorectomy may be an important step to reduce CVD risk. Since the release of the WHI
results, the elective oophorectomy rate has decreased.48 In 2008, the American College of
Obstetrics and Gynecology suggested that elective oophorectomy should be avoided in
premenopausal women.49 However, although women from the WHI observational cohort
with hysterectomy have worse CVD risk as compared with women without hysterectomy50,
recent data from the WHI suggests that simple hysterectomy and hysterectomy with
oophorectomy carry equivalent CVD risks.26 This suggests that CVD risk factors may
contribute to problems underlying to the decision to undergo hysterectomy as well as to the
development of CVD.

It is possible that CVD risk early in life contributes to both early menopause and CVD
through similar mechanisms. Trajectories of risk factors for CVD (such as cholesterol,
weight, and blood pressure) measured during the premenopause have been associated with
the timing of subsequent natural menopause in one study.51 Smoking is associated with
early natural menopause in numerous studies29–31, although there is no available evidence
that smoking cessation extends menopausal age. Reducing early menopause by eliminating
smoking exposure could provide an additional benefit from smoking cessation.

Conclusion
In summary, our findings demonstrate a moderate association between early menopause and
future CHD and stroke. This adds to the body of evidence that early menopause may
identify the at-risk woman who may benefit from aggressive CVD primary prevention.
Strategies to prevent early menopause, such as avoidance of smoking and oophorectomy,
may have significant public health relevance for the prevention of CVD in women.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow of MESA Sample Selection of Women with and without Early Menopause.
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Figure 2.
Kaplan Meier Survival Curves for Coronary Heart Disease in Women with and without
Early Menopause.
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Figure 3.
Kaplan Meier Survival Curves for Stroke in Women with and without Early Menopause.
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Table 1

Characteristics of Women with and without Early Menopause (n=2509)

Early Menopause
(n=693)
Mean (SD) or No. (%)

No Early Menopause
(n=1816)
Mean (SD) or No. (%)

p-value

Characteristics

Age, y
   45–54
   55–64
   65–74
   75–84

162 (23%)
189 (27%)
206 (30%)
136 (20%)

368 (20%)
573 (32%)
615 (34%)
260 (14%)

0.001

Education
   < High school graduate
   ≥ High school graduate

152 (22%)
537 (79%)

268 (20%)
1443 (80%)

0.34

Race/ethnicity

   • White 241 (35%) 746 (41%) <0.001

   • Chinese 56 (8%) 275 (15%)

   • Black 213 (31%) 428 (24%)

   • Hispanic 183 (26%) 367 (20%)

Live births median [IQR] 3 [1 to 4] 3 [2 to 4] 0.31

Pregnancies [IQR] 3 [2 to 5] 3 [2 to 5] 0.40

Type of Menopause
   • Natural
   • Surgical

446 (64%)
247 (36%)

1623 (89%)
193 (11%)

<0.001

Hormone Therapy
   • Ever Use
   • Never Use

362 (53%)
319 (47%)

837 (47%)
946 (53%)

0.006
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Table 2

Cardiovascular Disease Risk Factors of Women with and without Early Menopause (n=2509)

Early
Menopause
(n=693)

No Early
Menopause
(n=1816)

p-value

CVD Risk Factors (Baseline exam)

Smoking
   Never
   Past
   Current

380 (55%)
209 (30%)
104 (15%)

1110 (61%)
532 (29%)
174 (10%)

<0.001

Total cholesterol mg/dL 203±37 201±36 0.36

HDL Cholesterol mg/dL 56±15 57±15 0.44

Diabetes (%)a 97 (14%) 195 (11%) 0.021

Systolic Blood Pressure mm Hg 129±25 128±23 0.29

Diastolic Blood Pressure mm Hg 69±11 69±10 0.68

Hypertension (%)b 337 (49%) 863 (48%) 0.25

Family History of CVD 323 (50%) 811 (47%) 0.23

BMI 28.9±6.3 28.2±6.0 0.023

a
ADA 2003 definition19 or use of diabetes medication.

b
JNC VI definition or use of antihypertensive medication.
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Table 3

Incident Coronary Heart Disease and Stroke Events in Women with and without Early Menopause (n=2509)

Early
Menopause
n=693

No Early
Menopause
n=1816

Rate per 1000 (Annualized %) Hazard ratio (95%
CI)

p-value

Coronary Heart Disease Events 7.33/1000/yr 3.22/1000/yr

Model 1 2.11 [1.20, 3.71] 0.009

Model 2 2.11 [1.19, 3.75] 0.010

Model 3 2.08 [1.17, 3.70] 0.013

Model 4 2.08 [1.17, 3.70] 0.013

Model 5 1.80 [0.99, 3.29] 0.054

Model 6 1.85 [1.01, 3.37] 0.045

Stroke Events 5.72/1000/yr 2.26/1000/yr

Model 1 2.19 [1.14, 4.21] 0.018

Model 2 2.10 [1.08, 4.07] 0.028

Model 3 2.19 [1.11, 4.32] 0.025

Model 4 2.20 [1.11, 4.35] 0.023

Model 5 1.98 [0.98, 4.00] 0.058

Model 6 2.03 [1.00, 4.10] 0.049

Model 1: Early menopause + age (inherent time scale)
Model 2: Early Menopause + demographics (age, race/ethnicity, MESA site)
Model 3: Early Menopause + demographics + traditional CVD risk factors: ever smoke, total cholesterol, hdl cholesterol, hypertension (JNC VI or
use of antihypertensive medication), diabetes (ADA 2003 or use of antidiabetic medication).
Model 4: Early Menopause + demographics + traditional CVD risk factors +BMI
Model 5: Early Menopause + demographics + traditional CVD risk factors + Family History of CVD
Model 6: Early Menopause + demographics + traditional CVD risk factors + Family History of CVD + HT use
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