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ORIGINAL STUDY

Early and surgical menopause associated with higher Framingham Risk
Scores for cardiovascular disease in the Canadian Longitudinal Study
on Aging
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Abstract
Objective: In women, the risk of cardiovascular disease (CVD) is higher in the postmenopausal period. The

effect that menopausal type, natural versus surgical, or the age at natural menopause has on CVD needs further
investigation. To this end, we assessed the association between menopausal type and timing and the 10-year office-
based Framingham Risk Score (FRS) in women from the Canadian Longitudinal Study on Aging.

Methods: We included women aged 45 to 85 years from the Canadian Longitudinal Study on Aging
Comprehensive cohort of seven Canadian provinces who were menopausal at the time of recruitment and had
no prior CVD. Poisson regressions were used to evaluate the association between menopausal characteristics and the
FRS. Natural menopause was defined as the cessation of menstrual periods for at least 1 year in women with no
history of hysterectomy. Surgical menopause was defined as hysterectomy with or without oophorectomy prior to
natural menopause. As main covariates, we examined age, education, province of residency, and hormone therapy.

Results: A total of 10,090 women (8,200 natural menopausal and 1,890 surgical menopausal) were eligible for
the study. In the multivariable model, surgical menopause was associated with a higher mean FRS compared with
natural menopause (CVD risk 12.4% vs 10.8%, P< 0.001). Compared with women with age at natural menopause
from 50 to 54 years (CVD risk 10.2%), natural menopause before age 40, 40 to 44, or 45 to 49 had a higher CVD risk
(12.2%, 11.4%, and 10.6%, respectively, P< 0.001).

Conclusions: Our study supports an association between menopausal type and timing on CVD risk prediction
and highlights the need to be judicious about surgical menopause. Preventative interventions for CVD should be
considered in surgical menopausal women and women with an age at natural menopause less than 45 years.

Key Words: Age at natural menopause – Cardiovascular disease – Epidemiology – Menopause – Risk
factors – Women’s health.
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rt: This research was made possible using the data/bio-

llected by the Canadian Longitudinal Study on Aging
ing for the CLSA is provided by the Government of
h the Canadian Institutes of Health Research under grant

94473 and the Canada Foundation for Innovation. This
een conducted using the CLSA Baseline Comprehensive
n 3.1, under Application Number 170318. The CLSA is led
der Raina, Christina Wolfson, and Susan Kirkland. The
as supported by a Canadian Institutes of Health Research

t: ACD 151286, PI Dr M.P.V.

osures/conflicts of interest: S.M.A.C. has received funding
nternational Center – National Institute of Health. C.M.P.

unding from the United States Center for Disease Control,
rtment of Health, and World Bank. The other authors have
close.

This manuscript was presented as an oral abstract presentation at the
Society of Obstetricians and Gynecologist of Canada 2020 Annual
Clinical and Scientific Conference. The abstract was published in the
Journal of Obstetrics and Gynecology Canada, Volume 42, Issue 5,
May 2020, Pages 689 to 690.

Contributors: M.P.V., B.E.A., C.M.P. conceived and designed the study.
N.T.A.R. conducted the statistical analysis. M.A. P. and M.PV. drafted
the manuscript. S Aires reviewed the manuscript critically. All of the
authors were involved in data interpretation, reviewed the manuscript
critically for important intellectual content, approved the final version to
be published and agreed to be accountable for all aspects of the work.
Supplemental digital content is available for this article. Direct URL
citations are provided in the HTML and PDF versions of this article on the
journal’s Website (www.menopause.org).
Address correspondence to: Maria P. Velez, MD, PhD, Department of
Obstetrics and Gynaecology, Queen’s University, Kingston General
Hospital, Victory 4, 76 Stuart Street, Kingston, ON, Canada K7L
2V7. E-mail: maria.velez@queensu.ca
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the
work provided it is properly cited. The work cannot be changed in any
way or used commercially without permission from the journal.

use, Vol. 28, No. 5, 2021

http://links.lww.com/MENO/A701
http://www.menopause.org/
mailto:maria.velez@queensu.ca


ND CARDIOVASCULAR RISK
C
ardiovascular disease (CVD) is the global leading
cause of women’s mortality.1 Sex-specific data indi-
cate that CVD mortality has decreased for both men

and women in the last three decades, especially in the greater
than 65 years age group; however, there is stagnation among
younger women (less than 55 y).2 Identifying female-specific
CVD risk factors could lead to earlier recognition and
increased screening of at-risk women.3,4 Menopause and
postmenopausal status are frequently presented as CVD risk
factors, because CVD prevalence in postmenopausal women
is significantly higher than the prevalence in premenopausal
women.3-5 However, after adjusting for age, studies have not
been able to demonstrate a convincing relationship between
postmenopausal status and CVD.4-6 In contrast, certain men-
opausal characteristics, menopausal type, and natural meno-
pausal timing have been associated with CVD risk.3,5-7 Within
menopausal type, surgical menopause (hysterectomy with or
without bilateral oophorectomy) has been associated with a
higher CVD risk when compared with natural menopause.3,5-7

Additionally, earlier age at natural menopause (ANM), spe-
cifically less than 45 years, has been associated with increased
CVD risk when compared with a later ANM.6,8,9

However, there have been methodological gaps in assessing
the direction of causality and some argue that relationship
between CVD and early ANM may be due to reverse causal-
ity.10 That is, women with a CVD event before age 35 are more
likely to have an ANM less than 45 years.10 It is also possible
that women who undergo surgical menopause may have other
concurrent CVD risk factors including hypertension, diabetes,
high cholesterol, and obesity.3,11,12 The objective of our study is
to estimate the 10-year CVD risk Framingham Risk Score
according to menopausal type, natural versus surgical, and
natural menopausal timing in women without prior known
CVD from the Canadian Longitudinal Study on Aging.

METHODS

Study sample
Canadian Longitudinal Study on Aging (CLSA) is a popu-

lation-based cohort study of adults aged 45 to 85 years at
recruitment with follow-up planned for at least 20 years or
until death. Slightly over 15,000 women across Canada’s 10
provinces were recruited at baseline between 2010 and 2013.
In the current study, we used data from CLSA comprehensive
cohort, including computer-assisted in-home interviews and
data collected at 11 study sites in 7 provinces: Alberta, British
Columbia, Manitoba, Newfoundland and Labrador, Nova
Scotia, Ontario, and Quebec. Details about CLSA design,
recruitment, and study procedures have been described else-
where.13 We selected women who were menopausal at the
time of recruitment and had no prior CVD (either reported
angina, heart disease, myocardial infarction, stroke, transient
ischemic attack, or peripheral vascular disease).

Human subjects
Institutional review for this project was obtained from all

seven provinces that the baseline data was collected from. The
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Research Ethics Boards that approved the study were Univer-
sity of Victoria for British Columbia, University of Calgary
for Alberta, University of Manitoba for Manitoba, McMaster
University for Ontario, McGill University and Université de
Sherbrooke for Quebec, Memorial University of Newfound-
land for Newfoundland and Labrador, and Dalhousie Univer-
sity for Nova Scotia. Written informed consent was obtained
from all participants.13

Cardiovascular risk
We calculated the 10-year office-based Framingham Risk

Score (FRS) for CVD risk based on age, sex, body mass index
(BMI), diabetes status, systolic blood pressure (SBP), treatment
for hypertension, and smoking. Women were excluded if they
were missing one or more items on the FRS. The office-based
FRS estimates 10-year risk of CVD outcomes (comprised of
coronary death, myocardial infarction, coronary insufficiency,
angina, ischemic stroke, hemorrhagic stroke, transient ischemic
attack, peripheral artery disease, and heart failure)14 and has been
validated in different populations.15,16 Age was self-reported,
sex was recorded by the interviewer. Height and weight were
measured following standard protocols and BMI was calculated
as weight in kg/ (height in m)2. Diabetes was defined as 1) self-
reported diabetes, and/or 2) self-reported medication use for
diabetes, and/or 3) observed medication at home visit that the
participant confirmed to use for diabetes. For SBP, we used the
average of 6 measures while excluding the first measure. SBP
data for 115 participants were missing. Blood pressure treatment
was defined as: 1) self-reported hypertension medication use; or
2) observed medications at home visit, or 3) both. Smoking status
was self-reported and participants were divided into two cate-
gories: those who currently smoked (any quantity) and those not
currently smoking.

Menopause-related variables
Women were asked whether they had gone through meno-

pause (defined as ‘‘menstrual periods stopped for at least 1 y
and did not restart’’). Women who indicated having gone
through natural menopause were asked at what age they went
through menopause. Age at natural menopause was catego-
rized into five groups: less than 40 years (premature ovarian
insufficiency-POI), 40 to 44 (early), 45 to 49, 50 to 54, and
55 years and older. The age group 50 to 54 years was set as the
reference group since it reflects median ANM of 51 years in
women from the CLSA.17 For those who were missing ANM
and did not report having had hysterectomy, we substituted
reported age at hormone therapy (HT) start, if available
(n¼ 58). Women who underwent hysterectomy before natural
menopause were considered as surgical menopause; however,
information is not available on the age at which the uterus was
removed or whether they also had oophorectomy.

Covariates
Covariates were selected based on precedent literature6,8,9

and possible confounding effects on the relationships of
interest. As main covariates, we examined age, education,
Menopause, Vol. 28, No. 5, 2021 485
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study site (province of residency), and use of HT. Education
was self-reported and categorized into three groups based on
the highest education level completed: primary completed or
less, secondary completed, postsecondary completed. Age
was calculated by deducting the birthdate from the interview
date, and the study site was recorded by the interviewer. HT
use was self-reported and was categorized into those who had
used HT and those who had never used HT.

Statistical analyses
Sample characteristics across menopausal status are

described. Means and standard deviations were used to
describe continuous variables, and counts and percentages
for categorical variables. Poisson regressions were used to
calculate mean FRS and 95% confidence intervals (CI) for
the association between menopausal type and timing with the
outcome measure (ie, continuous FRS). All multivariable
models were adjusted by age and age squared (age2), prov-
ince, education, and HT. While smoking, BMI, diabetes, and
blood pressure are potential confounders, statistical adjust-
ment on these measures would be inappropriate given their
inclusion in the FRS calculation. Additional analyses were
conducted stratifying the sample by smoking status, use of
HT, and obesity (BMI � 30 kg/m2) to examine effect modifi-
cation. We applied sampling weights (strata and analytic
sampling weight) as per the CLSA manual of procedures
to account for the sampling design.
2,6

10,090 women included: 
• 8,200 with natural me
• 1,890 with surgical me

12,660 menopaus

2,

15,320 women in Canadian Lon

FIG. 1. Flow diagram of
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RESULTS
A total of 10,090 menopausal women were included in the

study, of which 8,200 (81%) had natural menopause and
1,890 (19%) surgical menopause (Fig. 1). Table 1 describes
the sample by menopausal type and timing. The average age
of the population studied was 64 years old, with 41% of
women in the 55 to 64 years age range. The proportion of
women older than 75 years was 16%. Among natural
postmenopausal women, 8% had an ANM between age
40 and 44 years (early menopause) and 3% before age
40 (POI). HT was reported by 42% of women, being higher
in women with surgical menopause (59.2%), and in those
with menopause before age 40 (61.9%). The proportion of
women with obesity (� 30 kg/m2) was 26.5% in women with
natural menopause and 34.0% in women with surgical
menopause. Women with POI had a higher proportion of
obesity compared with those with ANM 50 to 54 years
(38.1% vs 25.3%, respectively).

Table 2 shows the bivariate analysis of the mean FRS by
exposures and covariates, adjusted by age and age2. Women
who underwent surgical menopause had a greater mean FRS
(12.34, 95% CI 11.98-12.69) than those who had natural
menopause (10.77, 95% CI 10.61-10.92). In women with
natural menopause, an ANM< 40 was related to higher mean
FRS (12.38, 95% CI 11.41-13.35) than those with ANM 50 to
54 years (10.19, 95% CI 9.97-10.40). In both groups, all
menopausal and natural menopausal women, higher mean
60 women excluded: 
• 2,557 pre-menopausal 
• 103 unknown menopause 

status 

nopause
nopause 

al women

570 women excluded:
• 2,316 with history of 

cardiovascular disease
• 254 with one or more 

missing items for 
Framingham Risk Score

gitudinal Study on Aging

participant inclusion.

� 2021 The Author(s)



TABLE 1. Population characteristics by menopausal type and natural menopausal timing in women from the Canadian Longitudinal
Study on Aging

Menopausal type Menopausal timing (ANM)

All Natural Surgical <40 40-44 45-49 50-54 �55
Characteristics N¼ 10,090 N¼ 8,200 N¼ 1,890 N¼ 257 N¼ 664 N¼ 1,891 ¼ 3,882 N¼ 1,323

Age, mean (SD) 64.2 (8.9) 63.9 (8.6) 65.6 (9.7) 64.8 (8.9) 63.2 (9.7) 62.5 (9.5) 63.5 (8.1) 66.2 (7.2)
Age, N (%)

45-54 1,425 (14.1) 1,134 (13.8) 291 (15.4) 38 (14.8) 139 (20.9) 465 (24.6) 483 (12.4) 0 (0)
55-64 4,183 (41.5) 3,576 (43.6) 607 (32.1) 90 (35.0) 247 (37.2) 691 (36.5) 1,865 (48.0) 643 (48.6)
65-75 2,827 (28.0) 2,276 (27.8) 551 (29.2) 85 (33.1) 168 (25.3) 456 (24.1) 1,032 (26.6) 469 (35.5)
�75 1,655 (16.4) 1,214 (14.8) 441 (23.3) 44 (17.1) 110 (16.6) 279 (14.8) 502 (12.9) 211 (16.0)

HT, N (%)
Ever 4,243 (42.2) 3,128 (38.3) 1,115 (59.2) 159 (61.9) 329 (49.7) 744 (39.3) 1,362 (35.1) 485 (36.9)
Never 5,818 (57.8) 5,050 (61.8) 768 (40.8) 98 (38.1) 333 (50.3) 1,147 (60.7) 2,514 (64.9) 828 (63.1)

Study site, N (%)
Alberta 1,000 (9.9) 810 (9.9) 190 (10.1) 29 (11.3) 66 (9.9) 189 (10) 370 (9.5) 140 (10.6)
British Columbia 2,174 (21.6) 1,806 (22) 368 (19.5) 45 (17.5) 133 (20) 422 (22.3) 888 (22.9) 290 (21.9)
Manitoba 1,035 (10.3) 897 (10.9) 138 (7.3) 27 (10.5) 84 (12.7) 218 (11.5) 413 (10.6) 136 (10.3)
Newfoundland and Labrador 793 (7.9) 632 (7.7) 161 (8.5) 33 (12.8) 62 (9.3) 179 (9.5) 261 (6.7) 90 (6.8)
Nova Scotia 1,013 (10) 764 (9.3) 249 (13.2) 12 (4.7) 62 (9.3) 165 (8.7) 342 (8.8) 149 (11.3)
Ontario 2,150 (21.3) 1,719 (21) 431 (22.8) 47 (18.3) 108 (16.3) 358 (18.9) 842 (21.7) 315 (23.8)
Quebec 1,925 (19.1) 1,572 (19.2) 353 (18.7) 64 (24.9) 149 (22.4) 360 (19) 766 (19.7) 203 (15.3)

Education, N (%)
Less than secondary 584 (5.8) 421 (5.1) 163 (8.6) 39 (15.2) 43 (6.5) 100 (5.3) 173 (4.5) 56 (4.2)
Secondary 1,908 (18.9) 1,515 (18.5) 393 (20.8) 59 (23.1) 134 (20.3) 355 (18.8) 663 (17.1) 264 (20)
Postsecondary 7,585 (75.3) 6,253 (76.4) 1,332 (70.6) 158 (61.7) 484 (73.2) 1,432 (75.9) 3,043 (78.5) 1,003 (75.8)

BMI, N (%)
Underweight 100 (1.0) 84 (1.0) 16 (0.9) 4 (1.6) 8 (1.2) 21 (1.1) 38 (1) 12 (0.9)
Normal weight 3,518 (34.9) 2,979 (36.3) 539 (28.5) 71 (27.6) 233 (35.1) 693 (36.7) 1,479 (38.1) 442 (33.4)
Overweight 3,659 (36.3) 2,967 (36.2) 692 (36.6) 84 (32.7) 231 (34.8) 697 (36.9) 1,382 (35.6) 504 (38.1)
Obese 2,813 (27.9) 2,170 (26.5) 643 (34.0) 98 (38.1) 192 (28.9) 480 (25.4) 983 (25.3) 365 (27.6)

Diabetes, N (%)
No 9,292 (92.1) 7,619 (92.9) 1,673 (88.5) 223 (86.8) 619 (93.2) 1,757 (92.9) 3,638 (93.7) 1,219 (92.1)
Yes 798 (7.9) 581 (7.1) 217 (11.5) 34 (13.2) 45 (6.8) 134 (7.1) 244 (6.3) 104 (7.9)

Smoking, N (%)
No 9,265 (91.8) 7,533 (91.9) 1,732 (91.6) 220 (85.6) 569 (85.7) 1,680 (88.8) 3,637 (93.7) 1,256 (94.9)
Yes 825 (8.2) 667 (8.1) 158 (8.4) 37 (14.4) 95 (14.3) 211 (11.2) 245 (6.3) 67 (5.1)

Hypertension, N (%)
No 5,019 (49.8) 4,262 (52.0) 757 (40.1) 109 (42.4) 327 (49.3) 1,023 (54.1) 2,116 (54.5) 616 (46.6)
Yes 5,070 (50.3) 3,938 (48.0) 1,132 (59.9) 148 (57.6) 337 (50.8) 868 (45.9) 1,766 (45.5) 707 (53.4)

ANM, age at natural menopause; BMI, body mass index; HT, hormone therapy; SD, standard deviation.
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FRS scores were observed among those who have never used
HT, and those with low education levels.

Table 3 shows the multivariable results. Compared with
natural menopause (10.75, 95% CI 10.59-10.90), women with
surgical menopause had higher mean FRS (12.37, 95% CI
12.01-12.74). Compared with ANM 50 to 54 (10.20, 95% CI
9.98-10.41), women with ANM< 40 (12.17, 95% CI 11.22-
13.12), ANM 40 to 44 (11.41, 95% 10.82-12.00), and ANM
45 to 49 (10.60, 95% CI 10.27-10.92) had higher FRS. In the
stratified models (Table 3), surgical menopause and POI
remained associated with higher mean FRS in nonsmokers,
ever or never HT users, and nonobese women. Early meno-
pause (40-44 y) remained associated in nonsmokers, never HT
users, and nonobese women, but not in HT users.

DISCUSSION
Our study assessed the association of menopausal type,

surgical versus natural, and ANM timing on the future CVD
risk prediction using the FRS in a national sample of Canadian
women. Women with surgical menopause had higher mean
FRS levels when compared with women with natural meno-
pause. Women with earlier ANM had higher mean FRS levels
when compared with women with later ANM. The difference
in mean FRS levels was greatest in women with POI
(ANM< 40) followed by those with early ANM (40-44 y).

Comparison with other studies
Several recent studies6,7,9 have investigated the relationship

between menopausal characteristics and CVD risk using the
outcome of CVD event or CVD mortality and have findings
similar to us. A large pan-European prospective case-cohort
study within the European Prospective Investigation into
Cancer and Nutrition (EPIC-CVD) defined surgical meno-
pause as having had a hysterectomy, unilateral, or bilateral
oophorectomy prior to natural menopause. Surgical meno-
pause was associated with a higher coronary heart disease
(CHD) risk compared with natural menopause (HR 1.25, 95%
CI 1.10-1.42). However, the risk was attenuated after addi-
tional adjustment for age at menopause and intermediates (HR
1.12, 95% CI 0.96-1.29), suggesting that a proportion of the
association was explained by cardiovascular risk factors.6

However, the study did not control for pre-existing CVD
which is increased in women undergoing hysterectomy.12 We
excluded women with prior history of CVD, and conducted
stratified analyses according to smoking status, use of HT,
and obesity. In all women, surgical menopause was associated
Menopause, Vol. 28, No. 5, 2021 487



TABLE 2. Bivariate analysis of the mean Framingham Risk Scores by exposures and covariates in women from the Canadian Longitudinal
Study on Aging

Type of menopause sample N¼ 10,090 Age at natural menopause sample N¼ 8,017a

Characteristics Mean FRS CI 95% P value Mean FRS CI 95% P value

Type of menopause <0.001 NA
Natural 10.77 10.61-10.92 NA NA
Surgical 12.34 11.98-12.69 NA NA

ANMb NA <0.001
<40 NA NA 12.38 11.41-13.35
40-44 NA NA 11.42 10.84-12.01
45-49 NA NA 10.62 10.29-10.95
50-54 NA NA 10.19 9.97-10.40
�55 NA NA 10.52 10.16-10.87

HTc 0.01 0.001
Ever 10.87 10.66-11.08 10.22 9.99-10.44
Never 11.23 11.03-11.43 10.73 10.52-10.94

Age
45-54 5.46 5.23-5.69 <0.001 5.33 5.07-5.58 <0.001
55-64 8.74 8.54-8.93 8.46 8.26-8.65
65-75 14.74 14.39-15.10 14.27 13.89-14.65
�75 22.76 22.15-23.36 22.14 21.42-22.85

Study site <0.001 <0.001
Alberta 10.31 9.88-10.73 9.89 9.42-10.35
British Columbia 10.25 9.98-10.53 9.80 9.51-10.08
Manitoba 12.67 12.18-13.17 12.14 11.62-12.65
Newfoundland and Labrador 11.51 10.98-12.04 10.83 10.29-11.38
Nova Scotia 11.55 11.06-12.04 10.74 10.20-11.28
Ontario 11.18 10.87-11.50 10.44 10.10-10.78
Quebec 10.89 10.58-11.19 10.54 10.20-10.88

Educationd

Less than secondary 12.76 12.16-13.36 <0.001 12.03 11.34-12.72 <0.001
Secondary 12.08 11.72-12-43 11.55 11.16-11.95
Post-secondary 10.64 10.48-10.80 10.12 9.95- 10.29

Poisson regression analysis, age adjusted apart from the bivariate with the age categories.
ANM, age at natural menopause; CI, confidence interval; FRS, Framingham Risk Score; HT, hormone therapy.
aFrom 8,200 women who had natural menopause, age at menopause was missing in 183.
bAge at hysterectomy not available in Canadian Longitudinal Study on Aging.
cInformation on hormone therapy is missing for 29 in the type of menopause sample and 18 in the age at natural menopause sample.
dInformation on education is missing for 13 in the type of menopause sample and 11 in the age at natural menopause sample.
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with a higher mean FRS compared with natural menopause
adjusting for age, study site, education, and HT. In the
stratified analysis, the association remained in nonsmokers,
ever or never use of HT, obese, and nonobese women. On the
contrary, the association was attenuated in smokers, a known
independent risk factor for CVD, suggesting that smoking had
greater impact on this association than type of menopause.
TABLE 3. Multivariable Poisson regression analysis of menopausal
Canadian Longitudina

All womena Smokersa Nonsmokersa Nev
Mean FRS (95% CI) Mean FRS (95% CI) Mean FRS (95% CI) Mean

Type N¼ 10,048c N¼ 823 N¼ 9,225c N
Naturald 10.75 (10.59-10.90) 14.20 (13.58-14.81) 10.43 (10.28-10.58) 9.89
Surgical 12.37 (12.01-12.74) 15.12 (13.70-15.54) 12.08 (11.72-12.44) 11.57

ANM (y) N¼ 7,988c N¼ 654 N¼ 7,334c N
<40 12.17 (11.22-13.12) 15.25 (13.06-17.44) 11.46 (10.48-12.44) 11.62
40-44 11.41 (10.82-12.00) 12.83 (11.03-14.62) 10.97 (10.41-11.54) 11.07
45-49 10.60 (10.27-10.92) 14.10 (13.10-15.11) 10.15 (9.83-10.47) 9.93
50-54d 10.20 (9.98-10.41) 13.93 (12.89-14.97) 9.95 (9.75-10.16) 9.50
�55 10.52 (10.17-10.87) 14.83 (13.12-16.55) 10.28 (9.93-10.62) 9.81

Menopausal type and ANM are separate models.
ANM, age at natural menopause by age categories; HT, hormone therapy.
aAdjusted for age, study site, education, and hormone therapy.
bAdjusted for age, study site, and education.
cP value¼<0.05.
dReference category.
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The InterLACE consortium,7 a pooled analysis of individ-
ual data from 10 international studies, reported a 20% higher
risk of CVD (HR 1.22, 95% CI 1.16-1.28) in women with
surgical menopause compared with natural menopause. In
addition, compared with natural menopause at 50 to 54 years,
women with surgical menopause before 35 (HR 2.55, 95% CI
2.22-2.94) and 35 to 39 years (HR 1.91, 95% CI 1.71-2.14)
characteristics and Framingham Risk Scores in women from the
l Study on Aging

er HT useb Ever HT useb Obesea Nonobesea

FRS (95% CI) Mean FRS (95% CI) Mean FRS (95% CI) Mean FRS (95% CI)

¼ 5,814c N¼ 4,234c N¼ 2,804c N¼ 7,244c

(9.71-10.08) 12.06 (11.80-12.32) 15.15 (14.78-15.52) 9.25 (9.10-9.39)
(11.02-12.12) 13.70 (13.21-14.20) 16.29 (15.55-17.02) 10.29 (9.94-10.63)
¼ 4,916c N¼ 3,072c N¼ 2,109 N¼ 5,879c

(10.08-13.17) 13.43 (12.16-14.70) 15.47 (13.67-17.27) 10.46 (9.44-11.48)
(10.19-11.95) 12.27 (11.48-13.06) 15.57 (14.35-16.78) 9.71 (9.12-10.31)
(9.54-10.33) 11.78 (11.22-12.35) 15.54 (14.73-16.36) 8.96 (8.68-9.25)
(9.24-9.75) 11.41 (11.03-11.80) 14.79 (14.23-15.35) 8.72 (8.53-8.90)
(9.36-10.25) 11.73 (11.14-12.31) 14.55 (13.72-15.37) 9.10 (8.77-9.44)
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had higher risk of CVD than those with natural menopause
(HR 1.59, 95% CI 1.23-2.05 and HR 1.51, 95% CI 1.33-1.72,
respectively).7 Women who experienced surgical menopause
at earlier age (<50 y) and used HT had lower risk of incident
CHD than those who were not users of HT.7 In our stratified
analysis, HT did not modify the association between surgical
menopause and a higher FRS compared with natural meno-
pause. However, this result needs to be interpreted with
caution since CLSA does not have information about the
age at hysterectomy, and as suggested in the InterLACE study
the age of surgical menopause may modify the effect of HT on
the FRS.7

POI and early natural menopause have been related to
greater CVD risk;6,9 in some studies even menopause earlier
than 49 years old has shown an association with increased
CVD risk,9 as we also found. In the EPIC-CVD study, earlier
menopause was linearly associated with higher CHD risk (HR
per-year decrease¼ 1.02, 95% CI 1.01-1.03), adjusted for
age, smoking, HT, education, and parity.6 The InterLACE
consortium reported a higher CVD risk in women with POI
(HR 1.55, 95% CI 1.38-1.73), early (HR 1.30, 95% CI 1.22-
1.39), and relatively early (45-49 y; HR 1.12, 1.07-1.18)
menopause adjusted for smoking, HT, BMI, and education.9

Obesity and smoking appear to have a significant moder-
ating effect on the relationship between POI and early meno-
pause on CVD incident risk compared with ANM 50 to 54
years. In our stratified analysis, higher mean FRS persisted in
women with POI and early menopause who were nonsmokers,
and nonobese. However, the association was attenuated in
smokers and obese women, suggesting that smoking and
obesity independently of ANM had a greater impact on this
association than ANM. HT did not modify the association
between POI and a higher FRS. That is a higher FRS persisted
in women with POI compared with ANM 50 to 54 years
independently of HT use. However, absence of information
about the underlying diagnosis resulting in POI, time from
POI diagnosis and HT initiation, HT regimen, and number of
years on HT among other factors limit the interpretation of the
finding of no association between HT and FRS in women with
POI. Prospective studies on the use of HT in women with POI
are needed.18 In women with early menopause, a higher FRS
persisted in those who never used HT compared with ANM 50
to 54 years, but was attenuated in ever users (ie, women with
early menopause who use HT have a similar FRS than women
with ANM 50-54 y who also use HT).

Strengths and limitations
The CLSA biochemical data on high-density lipoprotein

cholesterol and total cholesterol levels needed for the labora-
tory-based FRS were not available for use at the time of this
analysis. Instead, our study used D’Agostino et al’s validated
office-based FRS which replaced these variables with BMI.14

However, there are strengths to this alternative. The use of
BMI in place of cholesterol values in CVD risk scoring
systems may provide a more accurate prediction.19 It is also
a more accessible and inexpensive measurement for patients
to monitor outside of clinics.19 FRS prediction assumes that
individuals are free of CVD at baseline, which was our case. It
is possible that our calculations are underestimating our
participants’ CVD risks, if participants who had CVD were
not screened out by the CLSA questions or clinical exami-
nations. At the same time, a strength of our study is that the
FRS components were assessed by trained research personnel
and used objective medical measurements. Another limitation
is that the CLSA did not ask participants whether their
hysterectomy included or did not include bilateral oophorec-
tomy, nor the age at hysterectomy. Thus, we were unable to
further separate surgical menopausal data by ovarian preser-
vation or age at surgical menopause. Similar to our study, the
EPIC-CVD study defined surgical menopause as having had a
hysterectomy, unilateral, or bilateral oophorectomy, when age
at surgery preceded or was equal to age at menopause.6 Other
studies have shown that even with ovarian conservation,
hysterectomy is associated with an increased long-term risk
of cardiovascular and metabolic conditions.20 In fact, symp-
toms of ovarian insufficiency may occur up to 4 years earlier
in women who had hysterectomy with ovarian conservation,21

and it has been demonstrated that the Anti-Mullerian hor-
mone, an objective marker of ovarian the reserve, decreases
1 year after hysterectomy with ovarian conservation.22

CONCLUSIONS
Our study supports an association between menopausal

type and natural menopausal timing on prediction of future
CVD risk, using the FRS. Surgical menopause is associated
with a higher FRS than natural menopause. This association
should reinforce efforts to minimize the use of unnecessary
surgical menopause.23 Among natural menopausal women,
those who had an ANM of less than 45 years had a higher
CVD risk compared with women with ANM at 50 to 54 years.
Clinicians should be aware of this association to recognize
that surgical menopausal women and women with an ANM
less than 45 years may have a higher CVD development risk.
Increased and early screening and health promotion inter-
ventions for CVD should be considered in women who
present with these menopausal characteristics.

Acknowledgments: We thank CLSA participants for their valuable
commitment to the study, as well as the CLSA coordinating team.

REFERENCES

1. Global Health Estimates 2016: disease burden by cause, age, sex, by
country and by region, 2000-2016. Geneva: World Health Organization;
2018.

2. Garcia M, Mulvagh SL, Merz CN, Buring JE, Manson JE. Cardiovascular
disease in women: clinical perspectives. Circ Res 2016;118:1273-1293.

3. Kim C, Cushman M, Khodneva Y, et al. Risk of incident coronary heart
disease events in men compared to women by menopause type and race. J
Am Heart Assoc 2015;4:e001881.

4. Humphries KH, Izadnegahdar M, Sedlak T, et al. Sex differences in
cardiovascular disease—impact on care and outcomes. Front Neuro-
endocrinol 2017;46:46-70.

5. Atsma F, Bartelink M-LEL, Grobbee DE, van der Schouw YT. Post-
menopausal status and early menopause as independent risk factors for
cardiovascular disease: a meta-analysis. Menopause 2006;13:265-279.
Menopause, Vol. 28, No. 5, 2021 489



PRICE ET AL
6. Dam V, van der Schouw YT, Onland-Moret NC, et al. Association of
menopausal characteristics and risk of coronary heart disease: a pan-
European case-cohort analysis. Int J Epidemiol 2019;48:1275-1285.

7. Zhu D, Chung HF, Dobson AJ, et al. Type of menopause, age of
menopause and variations in the risk of incident cardiovascular disease:
pooled analysis of individual data from 10 international studies. Hum
Reprod 2020;35:1933-1943.

8. Muka T, Oliver-Williams C, Kunutsor S, et al. Association of age at onset
of menopause and time since onset of menopause with cardiovascular
outcomes, intermediate vascular traits, and all-cause mortality. JAMA
Cardiol 2016;1:767-776.

9. Zhu D, Chung HF, Dobson AJ, et al. Age at natural menopause and risk of
incident cardiovascular disease: a pooled analysis of individual patient
data. Lancet Public Health 2019;4:e553-e564.

10. Zhu D, Chung HF, Pandeya N, et al. Premenopausal cardiovascular
disease and age at natural menopause: a pooled analysis of over
170,000 women. Eur J Epidemiol 2019;34:235-246.

11. Howard BV, Kuller L, Langer R, et al. Risk of cardiovascular disease by
hysterectomy status, with and without oophorectomy: the Women’s
Health Initiative Observational Study. Circulation 2005;111:1462-1470.

12. Laughlin-Tommaso SK, Khan Z, Weaver AL, Schleck CD, Rocca WA,
Stewart EA. Cardiovascular risk factors and diseases in women undergoing
hysterectomy with ovarian conservation. Menopause 2016;23:121-128.

13. Raina PS, Wolfson C, Kirkland SA, et al. The Canadian longitudinal
study on aging (CLSA). Can J Aging 2009;28:221-229.

14. D’Agostino RB, Vasan RS, Pencina MJ, et al. General cardiovascular risk
profile for use in primary care. Circulation 2008;117:743-753.
490 Menopause, Vol. 28, No. 5, 2021
15. Sepanlou SG, Malekzadeh R, Poustchi H, et al. The clinical performance
of an office-based risk scoring system for fatal cardiovascular diseases in
North-East of Iran. PLoS 2015;10:e0126779-e1126779.

16. Ueda P, Woodward M, Lu Y, et al. Laboratory-based and office-based
risk scores and charts to predict 10-year risk of cardiovascular disease in
182 countries: a pooled analysis of prospective cohorts and health
surveys. Lancet Diabetes Endocrinol 2017;5:196-213.

17. Costanian C, McCague H, Tamim H. Age at natural menopause and its
associated factors in Canada. Menopause 2017;25:1-11.

18. Webber L, Anderson RA, Davies M, Janse F, Vermeulen N. HRT for
women with premature ovarian insufficiency: a comprehensive review.
Hum Reprod Open 2017;2017:hox007.

19. Faeh D, Braun J, Bopp M. Body mass index vs cholesterol in cardiovas-
cular disease risk prediction models. Arch Intern Med 2012;172:1766-
1768.

20. Laughlin-Tommaso SK, Khan Z, Weaver AL, Smith CY, Rocca WA,
Stewart EA. Cardiovascular and metabolic morbidity after hysterectomy
with ovarian conservation: a cohort study. Menopause 2018;25: 483-492.

21. Farquhar CM, Sadler L, Harvey SA, Stewart AW. The association of hysterec-
tomy and menopause: a prospective cohort study. BJOG 2005;112:956-962.

22. Trabuco EC, Moorman PG, Algeciras-Schimnich A, Weaver AL, Cliby
WA. Association of ovary-sparing hysterectomy with ovarian reserve.
Obstet Gynecol 2016;127:819-827.

23. Society of Obstetricians and Gynaecologists of Canada. Choosing Wisely
Canada. Twelve Things Physicians and Patients Should Question. Avail-
able at: https://choosingwiselycanada.org/obstetrics-and-gynaecology/.
Accessed October 30, 2020.
� 2021 The Author(s)

https://choosingwiselycanada.org/obstetrics-and-gynaecology/

	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


