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Association Between Premature
Menopause and Cardiovascular Diseases
and All-Cause Mortality in Korean Women
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BACKGROUND: Mortality from cardiovascular diseases in Asian populations is considerable. Menopause is a risk-enhancing
factor for cardiovascular disease, but it is unclear whether menopause is an independent risk factor for cardiovascular disease
and mortality in Asian women.

METHODS AND RESULTS: A total of 1159405 postmenopausal women, who had participated in the health examinations of the
Korean National Health Insurance Service in 2009, were analyzed, and their reproductive histories were taken. A multivariable
Cox proportional hazard model assessed the hazard ratios (HRs) of myocardial infarction (MI), ischemic stroke, and all-cause
mortality, according to the history of premature menopause and age at menopause. After an average 10-year follow-up, there
were 31606, 45052, and 77680 new cases of M, ischemic stroke, and all-cause mortality, respectively. The women with
premature menopause exhibited increased risks of MI (HR, 1.40 [95% Cl, 1.31-1.50]), ischemic stroke (HR, 1.24 [95% ClI, 1.17-
1.31]), and all-cause mortality (HR, 1.19 [95% ClI, 1.14-1.24]) when compared with women with menopause aged >50years.
The highest risk was evident with menopause between the ages of 30 and 34 years (HR for MI, 1.52 [95% ClI, 1.30-1.78]; HR
for ischemic stroke, 1.29 [95% ClI, 1.12-1.48]; HR for all-cause mortality, 1.33 [95% CI, 1.20-1.47]) when compared with women
with menopause aged >50years.

CONCLUSIONS: Earlier age at menopause was associated with increased risks for M, ischemic stroke, and all-cause mortal-
ity. Future guidelines and risk assessment tools should consider menopause as an independent risk factor of cardiovascular
disease in Korean women.
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ardiovascular disease (CVD) is the leading cause
of mortality globally.! Among all the worldwide
deaths attributed to CVD in 2019, Asia accounted
for nearly 60%.2 Ever since the hypothesis on the re-
lationship between menopause and CVD risk was in-
troduced 20years ago,® studies have accumulated to
highlight the importance of menopause transition as

the period when CVD risk accelerates.* Menopause
is defined as the cessation of the menstrual cycle for
>12 months from the last menstruation. When menstru-
ation ceases before the age of 40years, it is defined as
premature menopause,® and when menstrual termina-
tion occurs between the ages of 40 and 44 years, it
is termed early menopause.® Nowadays, women from
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CLINICAL PERSPECTIVE
What Is New?

Both premature and early menopause were as-
sociated with significantly increased risks for
myocardial infarction, ischemic stroke, and all-
cause mortality compared with women under-
going normal menopause.

e The earlier menopause occurred, the higher the
risks of cardiovascular disease and mortality,
which increased in an inverse dose-response
pattern.

What Are the Clinical Implications?

e FEarlier age at menopause is a predictor for myo-
cardial infarction, ischemic stroke, and all-cause
mortality in healthy Korean women.

e Menopause should be considered as an inde-
pendent risk factor for cardiovascular disease in
future risk assessment and major guidelines.

Nonstandard Abbreviation and Acronym

NHIS National Health Insurance Service

both Western and Eastern countries undergo meno-
pause at an average age of 51 to 52years,”® but the
prevalence of premature menopause differs accord-
ing to race or ethnicity.® Korean women experience a
higher prevalence of premature and early menopause
than North American women.8'%"! Considering the
large Asian population and high CVD burden in this
population, it is important to study the public health
risks associated with earlier age at menopause with
respect to race.

Many American and Europeans studies have em-
phasized the associations between premature meno-
pause, with higher risks of premature death, CVD,
and strokes. A multinational study from Zhu et al
(N=301438; pooled data from 15 observational stud-
ies) demonstrated that premature and early meno-
pause escalated the risk of nonfatal CVD before the age
of 60years by factors of 1.88 and 1.4, respectively.”?
UK Biobank study from Honigberg et al (N=144260;
7-year follow-up) suggested that natural or surgical
premature menopause was significantly associated
with 1.36 and 1.87 times higher risk for CVD, respec-
tively."® Furthermore, US population cohort study from
Malek et al (N=30239; 7.1-year follow-up) reported
that premature or early menopause increased the risk
of all-cause mortality in women who had ever under-
gone hormone replacement therapy (HRT) by a fac-
tor of 1.31."* A pan-European case-cohort study from
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Dam et al (N=15402; 11-year follow-up) prospectively
analyzed how earlier age at menopause in European
women increased the risk of higher coronary heart dis-
ease.'® Yet, menopause is not regarded as an inde-
pendent risk factor for primary CVD in major guidelines
and risk assessment calculations.

The 2019 Primary Prevention of Cardiovascular
Disease Guidelines defined premature menopause as
a risk-enhancing factor for individuals in the borderline
(5% to <7.5%) and intermediate (>7.5% to <20%) CVD
risk categories.'® Furthermore, the recent statement
from the American Heart Association has highlighted
the role of menopause as an independent risk factor
for CVD.* However, more robust data are warranted to
impact clinical decisions on when to initiate statin and
other CVD preventive treatments in women with ear-
lier age at menopause, especially in Asian populations.
Furthermore, physicians often use the pooled cohort
equations to evaluate the atherosclerotic CVD risk of
patients, but the current equations derived the data
from community-dwelling White and Black individuals
in the United States.'” Hence, recent cohort data on
CVD risk factors in Asian populations were limited.

Asian populations in general have lower CVD risk
than other racial groups, and Koreans have a rela-
tively low CVD mortality rate among Asian subgroups.?
Korean women would make an ideal reference sam-
ple for studying the relationship between earlier age
at menopause and the risk of CVD and mortality
among Asian populations. Therefore, we aim to study
the association between age at menopause with risks
of CVD and all-cause mortality in community-dwell-
ing postmenopausal Korean women and to evaluate
menopause as an independent risk factor for primary
CVD.

METHODS

Data

This present study used the database of the National
Health Insurance System (NHIS) as the primary
source. Researchers with a research proposal and an
Institutional Review Board approval letter may request
the data at (http://nhiss.nhis.or.kr). On reasonable re-
quest, some of the data will be available from the au-
thors with the permission of the NHIS committee. The
NHIS of the National Health Insurance Corporation in
South Korea collects medical information from =50 mil-
lion citizens, and National Health Insurance Corporation
is the single insurer under the South Korean govern-
ment. The NHIS database contains the demographic
and medical information of the citizens from birth to
death, such as residence, age, sex, medical use/trans-
action information, claims and deduction data, the in-
surers’ payment coverage, International Classification
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of Diseases, Tenth Revision (ICD-10), codes, treat-
ments, and health screening data. The NHIS database
contains =97.0% of the health insurance claims of the
Korean people. The database has been thoroughly de-
scribed in previous studies.'®'® The NHIS recommends
that all insured Korean people aged >40years partici-
pate in the health checkup every 2years. On the other
hand, the annual checkup is recommended for the
employee subscribers who are aged >20years. The
NHIS health checkup includes anthropometric meas-
urements; hearing and visual acuity checks; laboratory
tests; and family, medical, surgical, and social history.
Moreover, the NHIS manages the qualification and
training of examiners and hospitals. The hospitals may
then participate in the health checkups after receiving
certification by the NHIS.

National Cancer Screening Program is a part of the
NHIS health screening program. Within the question-
naire of National Cancer Screening Program, there was
a separate section dedicated only to women asking a
specific question about the current status of menstru-
ation. Three answer choices are provided, ‘| still have
regular periods,” “I had undergone a hysterectomy,”
or “I am menopaused.” If she answered “I am meno-
paused,” then there was an additional question asking
to report the age at menopause. The survey addition-
ally queried about the age at menarche and, if there
was any, the duration of HRT (0, <2, 2-5, and >5years).

Patient and Public Involvement

The current study used the data from the NHIS data-
base, especially of the women who had participated
in the health screenings in 2009. The year 2009 was
chosen because that is when more comprehen-
sive screening items were introduced to the health
checkup programs, which include the personal history
related to smoking, alcohol, and physical activity, the
waist circumference, and lipid panel.?® No additional
participants were enrolled for the study. This is retro-
spective research using the NHIS data, and the oper-
ating regulations of NHIS were strictly obeyed during
the analyses. According to the research guidelines
and ethics of Institutional Review Board and NHIS, no
individual consent was necessary for the study. The
Strengthening the Reporting of Observational Studies
in Epidemiology reporting guidelines were followed.?’

Study Participants

Of the participants who had undergone the health
screenings in 2009, those who were women and aged
>30vyears were initially pooled from the NHIS database
(n=3291974). The women who did not answer the
question related to the age at menarche or answered
“never experienced menarche” (=107 394), those with
a history of hysterectomy (n=205537), and those with
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menarche before 5 or after 30years of age plus those
reported to have experienced menopause before 30 or
after 60years of age (n=177563) were excluded. The
participants with missing data in the general health
screening questionnaire (123629), those with missing
data in the National Cancer Screening Program ques-
tions (216 808), the women who have not experienced
menopause at the checkup (n=1164430), and those
with a history of myocardial infarction (MI) or isch-
emic stroke before the health checkup (n=137208)
were also excluded from the analysis. Finally, a total
of 1159405 postmenopausal women (premature
menopausal women=19999; and without premature
menopause=1139406) were included in the study
(Figure 1 and Table 1). The women were followed up
until December 31, 2019. This study was approved
by the Institutional Review Board of Korea University
Anam Hospital (No. 2020AN0112), and permission
was granted to use the NHIS health checkup data.
Deidentified and anonymized data were used for the
analyses, and informed consent was waived.

Anthropometric Measurements
Anthropometric measurements, such as weight (kg),
height (cm), waist circumference (cm), systolic blood
pressure (MmHg), and diastolic blood pressure
(mmHQg) were measured by trained examiners. Body
mass index was calculated by dividing the weight by
square of the height and was categorized by the defini-
tion of obesity as body mass index =25 kg/m?, accord-
ing to the World Health Organization recommendations
for Asian populations.?? Abdominal obesity in women
was defined as waist circumference >85cm.

Biochemical Measurements

The NHIS health checkup includes the laboratory tests,
such as fasting blood glucose (mg/dL), total cholesterol
(mg/dL), triglycerides (mg/dL), high-density lipoprotein
cholesterol (mg/dL), low-density lipoprotein cholesterol
(mg/dL), aspartate aminotransferase (IU/L), alanine
aminotransferase (IU/L), y-glutamyl transferase (IU/L),
serum creatinine levels (mg/dL), and urine analyses.
The Korean Association of Laboratory Quality Control
warrants the quality of the laboratory tests, and the
hospitals performing the health checkups were certi-
fied by the NHIS.

Definitions of Premature Menopause and
Early Menopause

On the basis of the self-reported age at menopause
on the questionnaire, premature menopause was de-
fined as having experienced menopause before the
age of 40years, and early menopause was defined as
having experienced menopause between the ages of
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3291 974 women participated in the
“National Cancer Screening Program (NCSP)”
of NHIS in 2009

Screening

2132 569 Excluded

107 394 answered “never experienced menarche” or
no answers

205 537 a history of hysterectomy

177 563 menarche < 5 years-old or > 30 years-old,
menopause < 30 years-old or > 60 years-old,

123 629 missing values in the general health screening
questionnaire

216 808 missing values in the NCSP questions

1164 430 who still had regular menstrual cycles at the time
of the screening

137 208 a history of MI or ischemic stroke before enrollment

1159 405 postmenopausal women enrolled

Baseline

19 999 with premature menopause*
1 139 406 without premature menopause

*Premature menopause:
menopause before the age of 40

Follow-up 10-years of follow-up
31 606 Myocardial infarction (MI)
45 052 Ischemic stroke
77 680 All-cause mortality
Figure 1. Flowchart of the study population selection.

MI indicates myocardial infarction; NCSP, National Cancer Screening Program; and NHIS, National Health Insurance Service.

40 and 44years, in accordance to the 2019 Primary
Prevention of Cardiovascular Disease Guidelines.'®
Table 2 provides an overview of the reproductive his-
tory of the study population.

Primary End Points and Definitions

The primary end points were newly diagnosed M, is-
chemic stroke, or all-cause mortality. Ml was defined
as the recording of /ICD-10 codes 121 or 122 during
hospitalization or these codes having been recorded
at least 2 times. Ischemic stroke was defined as the
recording of ICD-10 codes 163 or 164 during hospitali-
zation with claims for brain magnetic resonance imag-
ing or brain computed tomography. All-cause mortality
was counted between January 1, 2009 and December
31, 2019 for each participant from the NHIS database.
In women with a history of premature menopause, the
average follow-up durations were 9.9+1.86 years for M,
9.82+2years for ischemic stroke, and 10.06+1.61 years
for all-cause mortality.

Definitions of Chronic Diseases

Type 2 diabetes was defined as a fasting blood glu-
cose level >126mg/dL or at least 1 claim per year for
the prescription of hypoglycemic drugs under /ICD-10
codes E11 to E14. Hypertension was defined as a sys-
tolic blood pressure >140mmHg or a diastolic blood
pressure >90mmHg or at least 1 claim per year for
antihypertensive medication prescription under ICD-10
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codes 110 to 13 and 115. Dyslipidemia was defined by
total cholesterol >240mg/dL or at least 1 claim per
year for the prescription of antidyslipidemic agents
under ICD-10 code E78. Chronic kidney disease was
defined as estimated glomerular filtration rate <60mL/
min per 1.73m>.

General Health Behavior and Economic
Variables

Participants were categorized as nonsmokers, ex-
smokers, and current smokers. Ever smoking was de-
fined as being an ex-smoker or current smoker. Alcohol
drinking was categorized into none, mild (alcohol drink-
ing <30g/day in men and <20g/day in women), and
heavy (alcohol drinking >30g/day in men and >20g/
day in women). Regular exercise was defined as mod-
erate exercise >5 days or vigorous exercise >3days in a
week. Income level was divided by quartile as follows:
quartile 1 (the lowest), quartile 2, quartile 3, and quar-
tile 4 (the highest). Quartile 1 was defined as receiving
medical aid and income in the low 25th percentile.

Statistical Analysis

The general characteristics of participants were
analyzed by t test for continuous variables and y?
test for categorical variables and are expressed as
meansxSDs for continuous variables and percent-
ages for categorical variables between participants
with and without premature menopause. The hazard
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Table 1. General Characteristics of the Study Participants
Premature menopause

Characteristic No Yes P value ASMD
No. 1139406 19999
Age, y 61.15+8.25 63.08+10.48 <0.01 0.20

30-39 0(0) 114 (0.57) <0.01 0.1

40-49 40933 (3.59) 2379 (11.9) 0.31

50-59 485430 (42.6) 4006 (20.03) 0.50

60-69 405102 (35.55) 7099 (35.5) 0.00

70-79 182814 (16.04) 5704 (28.52) 0.30

>80 25127 (2.21) 697 (3.49) 0.08
Height, cm 153.62+5.69 152.39+6 <0.01 0.21
Weight, kg 57+8.24 56.27+8.96 <0.01 0.08
BMI, kg/m? 24.13+3.13 24.19+3.39 0.01 0.02

Obesity, yes 416280 (36.53) 7681 (38.41) <0.01 0.04
Waist circumference, cm 79.83+8.24 80.65+8.77 <0.01 0.10

Abdominal obesity, yes 308102 (27.04) 6346 (31.73) <0.01 0.10
Fasting blood glucose, mg/dL 99.28+23.69 100.25+25.86 <0.01 0.04
SBP, mmHg 125.34+16.11 126.35+16.81 <0.01 0.06
DBP, mmHg 76.82+10.15 77.34+10.34 <0.01 0.05
Total cholesterol, mg/dL 208.49+38.54 206.74+39.18 <0.01 0.05
HDL-C, mg/dL 57.73+33.2 56.55+32.01 <0.01 0.04
LDL-C, mg/dL 126.05+38.16 123.75+37.55 <0.01 0.06
Triglyceride, mg/dL 132.3+78.37 139.6+82.44 <0.01 0.09
Creatinine, mg/dL 0.87+0.85 0.88+0.81 0.62 0.00
eGFR 82.4+28.12 81.82+27.53 <0.01 0.02

CKD, yes 125499 (11.01) 2815 (14.08) <0.01 0.09
Smoking, yes <0.01

None 1097620 (96.33) 18846 (94.23) 0.10

Ex-smoker 11708 (1.03) 296 (1.48) 0.04

Current smoker 30078 (2.64) 857 (4.29) 0.09
Ever smoking, yes 41786 (3.67) 1163 (6.77) <0.01 0.10
Alcohol drinking <0.01

None 995245 (87.35) 17546 (87.73) 0.01

Mild 138314 (12.14) 2318 (11.59) 0.02

Heavy 5847 (0.51) 135 (0.68) 0.02
Alcohol drinking, yes 144161 (12.65) 2453 (12.27) 0.10 0.01
Regular exercise, yes 212351 (18.64) 3137 (15.69) <0.01 0.08
Income (quartile 1; lowest quartile) 248527 (21.81) 4193 (20.97) <0.01 0.02
Diabetes, yes 135544 (11.9) 2916 (14.58) <0.01 0.08
Hypertension, yes 490538 (43.05) 9390 (46.95) <0.01 0.08
Dyslipidemia, yes 356143 (31.26) 6112 (30.56) 0.04 0.02
Qutcome event, yes

Myocardial infarction 30721 (2.7) 885 (4.43) <0.01

Ischemic stroke 43866 (3.85) 1186 (5.93) <0.01

All-cause mortality 75479 (6.62) 2201 (11.01) <0.01
Follow-up duration, y

Myocardial infarction 10.08+1.48 9.9+1.86 <0.01

Ischemic stroke 10.02+1.61 9.82+2 <0.01

All-cause mortality 10.18+1.28 10.06+1.61 <0.01

Data are given as mean=SD or number (percentage). P value was obtained by t test for continuous variables and x? test for categorical variables. ASMD
indicates absolute standardized mean difference; BMI, body mass index; CKD, chronic kidney disease; DBP, diastolic blood pressure; eGFR, estimated
glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; and SBP, systolic blood pressure.
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Table 2. Reproductive History of the Participants

Premature menopause

Variable No Yes P value
No. 1139406 19999
Age at 50.22+3.55 36.75+2.59 <0.01
menopause, y
Lifetime duration 33.79+3.96 19.91+3.31 <0.01
of menstruation, y
Lifetime duration of menstruation, y <0.01

<30 139331 (12.23) 19987 (99.94)

30-34 484365 (42.51) 12 (0.06)

35-39 444468 (39.01) 0(0)

>40 71242 (6.25) 0(0)
HRT, yes 183459 (16.1) 3697 (18.49) <0.01
HRT duration <0.01

No 955947 (83.9) 16302 (81.51)

<2y 107 473 (9.43) 1623 (8.12)

2-5y 43781 (3.84) 843 (4.22)

=5y 32205 (2.83) 1231 (6.16)

Data are given as mean+SD or number (percentage). P value was obtained
by t test for continuous variables and y? test for categorical variables. HRT
indicates hormone replacement therapy.

ratios (HRs) and 95% Cls for MI, ischemic stroke, and
all-cause mortality were obtained by using multivari-
able Cox proportional hazard models with no adjust-
ment in model 1 after adjusting for age in model 2;

Premature Menopause and CVD and Mortality

age, ever smoking, alcohol drinking, regular exercise,
and income (quartile 1) in model 3; and covariates of
model 3 and body mass index, type 2 diabetes, hy-
pertension, dyslipidemia, chronic kidney disease, and
HRT in model 4 (Tables 3 and 4). The incidence rate
per 1000 person-year and HRs for M, ischemic stroke,
and all-cause mortality were analyzed in women with
premature menopause or early menopause compared
with menopause at the age of >50years (Table 3). The
incidence rates and HRs for MI, ischemic stroke, and
all-cause mortality, and P for trend, were calculated
among 5 menopausal age groups (30-34, 35-39, 40—
44, 45-49, and >50years) compared with menopause
at >50vyears (Table 4).

The risks of MI, ischemic stroke, and all-cause
mortality according to age at menopause were ana-
lyzed using the Kaplan—Meier method (Figures 2 and
3). The cumulative hazard for MI, ischemic stroke, and
all-cause mortality for up to 10years was obtained ac-
cording to menopause status (Figure 2) and age at
menopause (Figure 3). Subgroup analysis was also
performed for the following markers: aged >65years,
obesity, type 2 diabetes, hypertension, dyslipidemia,
and HRT duration; and the HRs of MI, ischemic stroke,
and all-cause mortality according to age at meno-
pause were obtained after adjusting for all covariates
(Table 5). All statistical analyses were calculated using
SAS, version 9.3 (SAS Institute, Cary, NC), and all
2-tailed P<0.05 values were considered statistically
significant.

Table 3. Incidence Rates and HRs of M, Ischemic Stroke, and All-Cause Mortality in the Women With PM or EM
No. of Duration Incidence | Model 1, HR Model 2, HR Model 3, HR Model 4, HR
Age at menopause,y | women | Events, n | (person-years) | rate (95% Cl) (95% Cl) (95% CI) (95% Cl)
M
30-39 (PM) 19999 885 198 064.75 4.47 1.75 (1.63-1.87) | 1.42 (1.33-1.53) | 1.40 (1.31-1.50) | 1.40 (1.31-1.50)
40-44 (EM) 66279 | 2370 658 875.37 3.60 1.41 (1.35-1.47) | 119 (1.14-1.25) | 118 (1.13-1.23) | 1.18 (1.13-1.24)
45-49 317609 | 8825 3200098 2.76 1.08 (1.05-1.10) | 1.1 (1.07-1.13) 110 (1.07-1.13) | 1.10 (1.08-1.13)
>50 755518 | 19526 7 627 023.7 2.56 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Ischemic stroke
30-39 (PM) 19999 1186 196 296.47 6.04 1.64 (1.54-1.73) | 1.26 (1.19-1.33) | 1.24 (1.17-1.32) | 1.24 (1.17-1.31)
40-44 (EM) 66279 | 3580 653 283.96 5.48 1.48 (1.43-1.54) | 118 (114-1.23) | 1.18 (1.14-1.22) | 118 (1.14-1.22)
45-49 317609 | 12226 3181 666.08 3.84 1.04 (1.02-1.06) | 1.05 (1.03-1.07) | 1.05 (1.03-1.07) | 1.06 (1.03-1.08)
>50 755518 | 28060 7 582 102.8 3.70 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
All-cause mortality
30-39 (PM) 19999 2201 201 131.2 10.94 1.79 (1.71-1.86) | 1.22 (1.17-1.27) | 1.20 (1.15-1.25) | 1.19 (1.14-1.24)
40-44 (EM) 66279 | 6715 667 247.51 10.06 1.64 (1.60-1.69) | 116 (113-119) | 1.14 (1.11-117) | 113 (1.11-1.16)
45-49 317609 | 21660 3231 556.47 6.70 1.09 (1.08-1.11) | 1.06 (1.05-1.08) | 1.06 (1.04-1.08) | 1.06 (1.04-1.08)
>50 7565518 | 47104 7 695 54415 6.12 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Incidence rate in 1000 person-years. The HRs for MI, ischemic stroke, and all-cause mortality were calculated using the women with menopause at >50years
as areference. The HRs and 95% Cls were obtained by using multivariable Cox proportional hazard models. Each model was adjusted for the following Model 1:
none. Model 2: age. Model 3: age, ever smoking, alcohol drinking, regular exercise, and income (quartile 1; lowest quartile). Model 4: age, ever smoking, alcohol
drinking, regular exercise, income (quartile 1), body mass index, type 2 diabetes, hypertension, dyslipidemia, estimated glomerular filtration rate <60mL/min
per 1.73m?, and hormone replacement therapy. PM: age at menopause is between 30 and 39years. EM: age at menopause is between 40 and 44 years. EM
indicates early menopause; HR, hazard ratio; MI, myocardial infarction; and PM, premature menopause.

J Am Heart Assoc. 2023;12:e030117. DOI: 10.1161/JAHA.123.030117
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Table 4. Incidence Rates and the HRs of M, Ischemic Stroke, and All-Cause Mortality According Age at Menopause
Menopause age Duration Incidence | Model 1, HR Model 2, HR Model 3, HR Model 4, HR
group, y No. Events, n | (person-years) | rate (95% Cl) (95% CI) (95% CI) (95% Cl)

M
30-34 3436 157 34 019.72 4.62 1.81 (1.54-2.11) | 1.57 (1.34-1.84) | 1.53(1.31-1.79) | 1.52 (1.30-1.78)
35-39 16563 728 164 045.03 4.44 1.74 (1.61-1.87) | 1.40 (1.30-1.51) | 1.38(1.28-1.48) | 1.38(1.28-1.48)
40-44 66279 | 2370 658 875.37 3.60 1.41 (1.35-1.47) | 119 (1.14-1.25) | 1.18 (1.13-1.23) | 1.18 (1.13-1.24)
45-49 317609 | 8825 3200098 276 1.08 (1.05-1.10) | 1.1 (1.07-1.13) 110 (1.07-1.13) | 110 (1.08-1.13)
>50 755518 | 19526 7 627 023.7 2.56 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
P value for trend <0.01 <0.01 <0.01 <0.01

Ischemic stroke
30-34 3436 197 33 745.53 5.84 1.58 (1.37-1.82) | 1.32 (1.14-1.51) | 1.30 (1.13-1.49) | 1.29 (1.12-1.48)
35-39 16563 989 162 550.94 6.08 1.65 (1.55-.75) 1.25(1.17-1.33) | 1.23 (1.16-1.31) | 1.23 (1.15-1.31)
40-44 66279 | 3580 653 283.96 5.48 1.48 (1.43-1.54) | 118 (1.14-1.23) | 118 (1.14-1.22) | 1.18 (1.14-1.22)
45-49 317609 | 12226 3181 666.08 3.84 1.04 (1.02-1.06) | 1.05(1.03-1.07) | 1.05 (1.03-1.07) |1.06 (1.03-1.08)
>50 755518 | 28060 7 582 102.8 3.70 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
P value for trend <0.01 <0.01 <0.01 <0.01

All-cause mortality
30-34 3436 383 34 587.29 11.07 1.81(1.64-2.00) | 1.37 (1.24-1.51) | 1.34(1.21-1.48) | 1.33 (1.20-1.47)
35-39 16563 | 1818 166 543.9 10.92 1.78 (1.70-1.87) | 119 (1.14-1.25) | 117 (1.12-1.23) | 117 (1.11-1.22)
40-44 66279 6715 667 247.51 10.06 1.64 (1.60-1.69) | 1.16 (1.13-1.19) 114 (1.11-1.17) 1.13 (1.11-1.16)
45-49 317609 | 21660 3231 556.47 6.70 1.09 (1.08-1.11) | 1.06 (1.05-1.08) | 1.06 (1.04-1.08) | 1.06 (1.04-1.08)
>50 755518 | 47104 7 695 54415 6.12 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
P value for trend <0.01 <0.01 <0.01 <0.01

Incidence rate in 1000 person-years. The HRs for Ml, ischemic stroke, all-cause mortality, and P values for trend were calculated using the women with
menopause at >50years as a reference. The HRs and 95% Cls were obtained by using multivariable Cox proportional hazard models. Each model was adjusted
for the following. Model 1: none. Model 2: age. Model 3: age, ever smoking, alcohol drinking, income (quartile 1; lowest quartile), and regular exercise. Model 4:
age, ever smoking, alcohol drinking, income (quartile 1), regular exercise, body mass index, type 2 diabetes, hypertension, dyslipidemia, estimated glomerular
filtration rate <60 mL/min per 1.73m?, and hormone replacement therapy. HR indicates hazard ratio; and MI, myocardial infarction.

RESULTS

Baseline Characteristics

Figure 1 described the flowchart of the study popula-
tion selection, including the primary outcomes during
the 10-year follow-up duration. Table 1 showed the
general characteristics of the participants with or with-
out a history of premature menopause. From a total
of 1159405 postmenopausal women, 19999 (1.72%)
women had a history menopause before the age of
40years. Women with premature menopause were
older (average age, 63.1years) and more likely to have
higher values of waist circumference, systolic blood
pressure, diastolic blood pressure, fasting glucose, and
triglyceride when compared with women without pre-
mature menopause (all P<0.01). In addition, the women
with premature menopause had a higher percentage
of chronic kidney disease, ever smoking, obesity, ab-
dominal obesity, type 2 diabetes, and hypertension,
but a lower percentage of alcohol drinking and regular
exercise, compared with the women without prema-
ture menopause (all P<0.01). Table 2 summarized the
reproductive history of the study population based on
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the answers from the questionnaire. In the study popu-
lation, the average age at menopause was 36.8years
with premature menopause and 50.2years without
premature menopause (Table 2).

Risks of MI, Ischemic Stroke, and
All-Cause Mortality in Premature
Menopause and Early Menopause

Table 3 showed how premature menopause and early
menopause were associated with higher risks of M, is-
chemic stroke, and all-cause mortality compared with
normal menopause. The risks for MI, ischemic stroke,
and all-cause mortality were all increased in prema-
ture menopause (HRs [95% Cls] were 1.40 [1.31-1.50],
1.24 [1.17-1.31], and 1.19 [1.14-1.24], respectively) when
compared with women with menopause at >50years
after adjusting for all covariates (model 4; Table 3).
The women with early menopause, defined by age at
menopause between 40 and 44 years, demonstrated
the increased risk of MI, ischemic strokes, and all-
cause mortality compared with women who experi-
enced menopause at >50years (HRs [95% Cls] were
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Figure 2. Kaplan-Meier curves of cumulative hazard for myocardial infarction (Ml), ischemic stroke, and all-cause mortality
up to 10years according to history of premature menopause (PM) or early menopause (EM).

History of PM was associated with increased risk of Ml (A), ischemic stroke (B), and all-cause mortality (C) during the follow-up period
compared with menopause at >50years (P<0.0001). PM: menopause at <40years; EM: menopause between 40 and 44 years.

118 [1.13-1.24], 118 [1.14-1.22], and 1.13 [1.11-1.16],
respectively) (model 4; Table 3).

Table 4 demonstrated the risks of MI, ischemic
stroke, and all-cause mortality according to age at
menopause in 5 different groups. More important,
the women with a history of menopause between
30 and 34 years showed the highest risk of M, isch-
emic strokes, and all-cause mortality compared with
women who experienced menopause at >50years
(HRs [95% Cils] were 1.52 [1.30-1.78], 1.29 [1.12-1.48],
and 1.383 [1.20-1.47], respectively). The women who
experienced menopause between the ages of 35 and
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39years exhibited the second-most increased risk of
MI, ischemic strokes, and all-cause mortality com-
pared with women who experienced menopause at
>50years (HRs [95% Cls] were 1.38 [1.28-1.48], 1.23
[1.15-1.31], and 1.17 [1.11-1.22], respectively).

Figure 2 demonstrated the higher cumulative hazard
of MI, ischemic stroke, and all-cause mortality in the
women with premature menopause and early meno-
pause compared with the women with menopause at
>50years. Of note, the women with menopause be-
tween the ages of 45 and 49years also displayed higher
risks of MI, ischemic stroke, and all-cause mortality
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Figure 3. Kaplan-Meier curves of cumulative hazard for myocardial infarction (Ml), ischemic stroke, and all-cause mortality

up to 10years according to age at menopause.

Earlier age at menopause was associated with increased risk of Ml (A), ischemic stroke (B), and all-cause mortality (C) during the
follow-up period compared with menopause at >50years (P<0.0001).

compared with normal menopause (Figure 2). Figure 3
showed a detailed Kaplan—Meier curve of the cumulative
hazard for MI, ischemic stroke, and all-cause mortality
according to age at menopause in 5 different groups.
Because a large number of women were excluded
(Figure 1), additional analyses were conducted to com-
pare any differences in the general characteristics and
primary outcomes in both the enrolled and excluded
women (Tables S1 and S2). The baseline characteristics
of the excluded women did not significantly differ from
the enrolled women (all absolute standardized mean
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difference, <0.1) (Table S1). Furthermore, there were
no significant differences in the risks of MI, ischemic
strokes, or all-cause mortality between the enrolled and
excluded women, even after adjusting for age (Table S2).

Inverse Dose-Response Relationship
Between Age at Menopause With CVD
and All-Cause Mortality

The earlier the menopause occurred, the higher the
HRs of MI, ischemic stroke, and all-cause mortality
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were throughout the menopausal age groups when
compared with the women who experienced meno-
pause at >50years (Table 4; model 4). The relation-
ship remained consistent even after adjusting for all
covariates (P for trend <0.01). The highest HRs of M,
ischemic stroke, and all-cause mortality were found
in the women who experienced menopause between
the ages of 30 to 34years (HRs [95% Cls] were 1.52
[1.30-1.78], 1.29 [1.12-1.48], and 1.33 [1.20-1.47],
respectively).

Subgroup Analysis

Table 5 described the subgroup analysis of the women
with history of premature menopause, early meno-
pause, menopause between 45 and 49years, or meno-
pause at >50years. In the subgroup analysis according
to old age, <65-year-old women with premature men-
opause, early menopause, or menopause between 45
and 49years were associated with significantly higher
risks of MI, ischemic stroke, and all-cause mortality
when compared <65-year-old women with meno-
pause at >50vyears. The respective risks in >65-year-
old women were also slightly elevated. Irrespective of
the age at menopause, women with dyslipidemia were
associated with a higher risk of ischemic stroke com-
pared with those without dyslipidemia. In the women
with premature menopause, those with diabetes were
associated with a higher risk of Ml than those without.
However, such association attenuated in early meno-
pause and menopause between 45 and 49years. In
the women with premature or early menopause, those
who did not have hypertension were associated with
greater risks of ischemic stroke than in those with hy-
pertension. The women with premature menopause
who had undergone HRT, regardless of the treatment
duration, were not associated with significant risk of
M, strokes, and all-cause mortality.

DISCUSSION

In the large cohort of postmenopausal Korean women,
premature menopause was associated with 1.4 times
the risk of MI, 1.24 times the risk of ischemic stroke, and
1.19 times the risk of all-cause mortality when com-
pared with the women with menopause at >50years.
As the age at menopause became younger, the HRs
for MI, ischemic stroke, and all-cause mortality were
increased in an inverse dose-response manner (P for
trend <0.01). The women with menopause between
the ages of 30 and 34 years were associated with 1.52
times the risk of MI, 1.29 times the risk of ischemic
stroke, and 1.33 times the risk of all-cause mortal-
ity compared with the women with menopause at
>50vyears, and such associations persisted even after
adjusting for conventional cardiovascular risk factors.

J Am Heart Assoc. 2023;12:e030117. DOI: 10.1161/JAHA.123.030117
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The current study has many strengths. It is the first
large-scale population study to suggest the associa-
tion between age at menopause with the risks of MI,
ischemic strokes, and all-cause mortality in Korean
women. The number of events of MI, stroke, and all-
cause mortality in premature menopause were 885,
1186, and 2201, respectively, and in early menopause,
the number of events were 2370, 3580, and 6715, re-
spectively. Second, we have adjusted for the various
CVD covariates during the analyses. Third, we have
successfully demonstrated an inverse dose-response
relationship between age at menopause and risks
of MI, ischemic strokes, and mortality, and the trend
was true as premature or early menopausal women
became older, at least up until 10years. Previous pop-
ulation research studies were either outdated?® or
have suggested a mixed view on the association be-
tween CVD and mortality risks with premature or early
menopause.2-14:23-26

This study extends beyond past studies. Past re-
ports are inconsistent on the association between
earlier age at menopause and CVD and mortality with
respect to race. Malek et al analyzed a cohort consist-
ing of 40% Black women but found meaningful associ-
ation between earlier age at menopause and all-cause
mortality only in White women.'* Association between
earlier age at menopause and stroke was not found
in that study," but our study observed this associa-
tion in Korean women (Tables 3 and 4). The study from
Honigberg et al reported the association between ear-
lier age at menopause with CVD in only White women,
and no mortality data were present,”® whereas our
study presented the mortality risk associated with ear-
lier age at menopause in Korean women (Tables 3 and
4). Zhu et al analyzed a diverse set of races and ethnic-
ities, including Asian women, but the total numbers of
Asian women with premature or early menopause were
rather small (h=131 and 510, respectively) and per-
haps inadequate to represent Asian population.’? But
our data included a huge number of Korean women
with premature and early menopause (n=19999 and
66279, respectively). Korean people experience lower
CVD mortality than other Asian subgroups;? therefore,
it can be inferred that the CVD burden may be much
higher in other Asian countries with a limited access to
health care.

The present study concurs well with the past re-
search studies.’®'3524 Honigberg et al demonstrated
how the risks of coronary artery disease and stroke
increased with earlier age at menopause, showing that
the earlier the age at menopause, the higher the risk of
CVD was."® Such findings were displayed in the cur-
rent study as well. Zhu et al reported that earlier age at
menopause had an increased risk of first nonfatal CVD
event before the age of 60years, but not after the age
of 70years.”? This is in line with our subgroup analysis.
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Among <65-year-old women, those with premature
menopause, early menopause, or menopause be-
tween the ages 45 and 49years displayed significantly
higher risks of the primary outcomes compared with
those with menopause at >50years. Honigberg et al
found the association between earlier age at meno-
pause and increased risk of CVD in White women,'®
but we were able to find the association between ear-
lier age at menopause with higher risks of CVD and
all-cause mortality in Korean women. Dam et al pro-
spectively analyzed the European women and found
the inverse dose-response relationship between ear-
lier age at menopause and coronary heart disease.”®
Our data reported the similar inverse dose-response
pattern in Korean women, and we were able to report
the increased risk of stroke and all-cause mortality in
Korean women.

The findings in this study will improve the under-
standing of the association between CVD and mortal-
ity related to earlier age at menopause in Asian women
and guide further research on the underlying mecha-
nism behind the association. The current data provide
the evidence for updates in the guideline on the primary
prevention of CVD with respect to risk assessment and
statin initiation in women with early menopause (meno-
pause between the ages of 40 and 44 years), at least
in Korean women.

Earlier age at menopause presents a great thera-
peutic window period where the primary prevention
of CVD can be initiated. The FHS (Framingham Heart
Study) has suggested the bidirectionality of the associ-
ations between menopause and CVD risk, where earlier
age at menopause may be interpreted as an alarming
signal of poor underlying premenopausal cardiovascu-
lar health.?” Although menopause could have occurred
because of the baseline CVD risk, in the current study,
we have adjusted for common CVD risk factors, and
the analyses consistently displayed the association be-
tween earlier age at menopause with increased risks of
M, stroke, and all-cause mortality during the 10-year
follow-up. Therefore earlier age at menopause, both
premature and early menopause, in Korean women is
an independent CVD risk factor. The study’s results in-
dicate that the initiation of statins should be considered
beyond the current guideline, which identifies prema-
ture menopause only as a risk-enhancing factor,'® in
Korean women with premature menopause (aged
<40vyears), early menopause (aged <45years), and
menopause before the age of 49years.

Unfortunately, there is limited research on the use of
statin in Korean women with premature menopause,
early menopause, or menopause before the age of
49years. However, there is a report on the use of statin
for dyslipidemia in young women. According to Korean
Dyslipidemia Guideline 2018, the treatment rates for
dyslipidemia in individuals aged 30 to 49years were
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found to be 24.7% for men and 18.2% for women.?®
In general, men are more likely to be prescribed sta-
tin than women are, and younger women are partic-
ularly undertreated.?® This may be because women in
their childbearing age generally have a lower CVD risk
than men, but it may also be attributable to the cur-
rent guidelines not recognizing menopause as an in-
dependent risk factor for CVD. Considering the higher
CVD risk in women with premature menopause, early
menopause, or menopause before the age of 49years,
clinicians should pay sufficient attention to lowering the
vascular risks in the women.

This study presents meaningful data to clinicians
and policy makers. The 2019 Primary Prevention of
Cardiovascular Disease Guidelines acknowledged
premature menopause as a risk-enhancing factor. The
data supporting the association between menopause
and CVD risk in White and Black women exist.'2~14:0
The studies on age at menopause and incident CVD
and mortality were not consistent. Recent population
cohort data on the subject were limited in the Asian
population. Because Korean women received regular
health screenings, we considered the women a good
candidate to study the risks of CVD and mortality as-
sociated with age at menopause. The association be-
tween earlier age at menopause and risks of CVD and
mortality was clearly demonstrated in Korean women,
who have a relatively low CVD mortality risk among
Asian subgroups. Therefore, menopause is an inde-
pendent risk factor for CVD and mortality, at least in
Korean women.

Many researchers have proposed the underlying
mechanisms behind the association between meno-
pause and CVD. As women get older, the level of
estrogen in the body subsequently decreases and hy-
pertension and CVD are more likely to be observed.3!
Therefore, earlier age at menopause will inevitably offer
less protection against CVD risk.'”> Endogenous estro-
gen confers a protective effect on the cardiovascular
system via maintaining vasodilatory status.'* Changes
in the levels of androgens and sex hormone-binding
globulins were associated with increased risk of CVD
in postmenopausal women.®? Postmenopausal state is
associated with increased oxidative stress and cyto-
kines, and perhaps it plays a role in osteogenesis of
valvular cells.33-3% Yet, more data are needed to under-
stand the mechanism between premature menopause
and aortic stenosis. Incident atrial fibrillation and ve-
nous thromboembolism were significantly associated
with earlier menopause in past studies.'®3® However,
it has been suggested that the general risk factors of
CVD, such as hypertension, diabetes, obesity, smok-
ing, high cholesterol, and family history of CVD if pres-
ent in early life, may contribute to both premature or
early menopause and subsequent cardiovascular
events.®° But for this precise reason, we have adjusted
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the data for various covariates, including body mass
index, diabetes, hypertension, dyslipidemia, smoking,
and chronic kidney disease.

There are limitations in this study. First, surgical
menopause was excluded so the CVD risks related
to those women were not represented in the study.
However if surgical menopause was included in the
present study, then the association between age at
menopause and risks of CVD and mortality could
have been stronger. The risk of CVD in surgical meno-
pause compared with natural menopause has been
reported to be higher.'®> Second, we used self-re-
ported age at menopause, and recall bias is possi-
ble. The average age of the women who responded
as having experienced premature menopause was
63.08years. However, the use of self-reported age
at menopause for research purposes has been vali-
dated in the past.®”3 Furthermore, future research will
be restricted if menopause is categorized as a binary
variable. Third, serum hormone levels of the partici-
pants were not available to validate the menopausal
status. Fourth, the regimen and dosing information of
HRT were not available. But in the current study, HRT
had no meaningful effect on the association between
earlier age at menopause and CVD and all-cause mor-
tality, which is in line with past research.'?8%39 Fifth, the
current research only included Korean population, so
it is difficult to generalize the findings to other races
and ethnicities. But considering how South Korea has
one of the lowest CVD mortality rates among Asian
countries® and most Korean people receive health
screenings, including serum lipid profile, such as tri-
glycerides, high-density lipoprotein cholesterol, and
low-density lipoprotein cholesterol,?° earlier age at
menopause may confer higher risks of CVD and mor-
tality in other Asian countries with limited access to
health care. Sixth, healthy user effect is a possibility.
However the current study aimed to find primary CVD
risk factors in asymptomatic women without estab-
lished CVD, which is in line with the American College
of Cardiology/American Heart Association guideline
on the primary prevention of CVD.'® Seventh, the as-
sociations between premature menopause with CVD
and mortality could have been underestimated be-
cause the follow-up began at the time of health exam-
ination rather than at the time of menopause and the
women who experienced Ml or ischemic stroke before
the examination were excluded. Eighth, hemorrhagic
stroke was not included in the analysis. Under the op-
erational definition of NHIS database, ischemic stroke
can be accurately measured. But on the other hand,
hemorrhagic stroke is difficult to identify from the
database.*® In addition, the present study serves as
evidence supporting the use of statin in women with
premature menopause. Therefore, we sought to ex-
plore the association between premature menopause
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and the risk of atherosclerotic CVD. Ninth, there were
statistical differences in the baseline characteristics of
the participants in Table 1, so the HRs were adjusted
for the clinically meaningful variables with multiple re-
gression analyses (Tables 3 and 4). In addition, we also
calculated absolute standardized mean differences in
the participants, which demonstrated that the differ-
ences in distribution were small (Table 1). Furthermore,
because of the possibility of unmeasured confounding
in Table 1, the E-values were calculated to assess the
effects that the unmeasured confounders may have
on the outcomes. The E-values indicated that it was
less likely to affect the outcome in the present study
(Table S3). Tenth, the statistical analysis in the present
study was done excluding the missing data rather than
performing imputation because the data were missing
completely at random.*" At most, the percentage of
the missing data was 13.6%. Moreover, among the ex-
cluded and included women, the baseline characteris-
tics and the risks of MI, ischemic stroke, and all-cause
mortality did not differ significantly (Tables S1 and S2).
Finally, given the current retrospective design, causal-
ity cannot be drawn. Although bidirectionality between
menopause with CVD and mortality has been men-
tioned in the past, the current study has successfully
adjusted for the conventional CVD risk factors; and the
association between earlier age at menopause and
CVD and mortality in Korean women persisted over
a 10-year period. Future prospective studies and re-
search on the mechanisms beneath the observed as-
sociation are warranted.

CONCLUSIONS

In the present cohort study of postmenopausal Korean
women, age at natural menopause was associated
with the risks of MI, stroke, and all-cause mortality
in an inverse dose-response manner over a 10-year
period. The earlier menopause occurred, the higher
the risks of CVD and mortality were. Just as in North
American and European women, elevated risks of CVD
and mortality were linked with age at menopause in
Korean women. To provide optimal CVD risk assess-
ment and to reduce the public health care burden for
Asian women, menopause should be considered as
an independent risk factor for CVD in future risk as-
sessment and major guidelines.
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