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Abstract

Context: Menopause has been associated with adverse cardiovascular disease (CVD)
risk profile, yet it is unclear whether the changes in CVD risk factors differ by
reproductive stage independently of underlying ageing trajectories.

Design: The Colaus study is a prospective population-based cohort study in
Lausanne, Switzerland.

Patients: We used data from women at baseline and follow-up (mean: 5.6 + 0.5 years)
from 2003 to 2012 who did not use hormone therapy. We classified women into (i)
premenopausal, (i) menopausal transition, (iii) early (<5 years) and (iv) late (>5 years)
postmenopausal by comparing their menstruation status at baseline and follow-up.
Measurements: We measured fasting lipids, glucose and cardiovascular inflamma-
tory markers. We used repeated measures (linear mixed models) for longitudinal
analysis, using premenopausal women as a reference category. We adjusted analyses
for age, medications and lifestyle factors.

Results: We used the data from 1710 women aged 35-75 years. Longitudinal analysis
showed that the changes in CVD risk factors were not different in the other three
menopausal categories compared to premenopausal women. When age was used as a
predictor variable and adjusted for menopause status, most CVD risk factors increased,
while interleukin-6 and interleukin-13 decreased with advancing age.

Conclusion: The current study suggests that women have a worsening cardiovascular
risk profile as they age, and although menopausal women may have higher levels of
cardiovascular risk factors compared to premenopausal women at any given time, the

5-year changes in cardiovascular risk factors may not depend on the reproductive stage.

KEYWORDS

cardiovascular diseases, cardiovascular system, female, menopause, reproduction, risk factors

Peter F. Raguindin and Isabel Cardona contributed equally to this study.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. Clinical Endocrinology published by John Wiley & Sons Ltd.

568 wileyonlinelibrary.com/journal/cen

Clinical Endocrinology. 2022;97:568-580.

85UB017 SUOWIWOD) BAIRERID 3|deot|dde au Ag pauienoh 812 So[ole O (88N JO S9INJ 10} AR1G1T BUIUO /8|1 UO (SUORIPUOD-PUR-SWRHLIO" A3 | 1M Ae1q 1[I |UO//SANY) SUORIPUOD pUe SWIS L 84} 835 *[£202/€0/72] Uo ARIqIT8UIUO AB|IM ‘URZNT GHZ AQ 0ELYT USO/TTTT OT/I0P/W00" A3 1M AIq 1 UIIUO//SONY WOI) PRPROjUMOQ ‘G ‘2202 ‘S9ZZSIET


https://orcid.org/0000-0001-9716-4746
https://orcid.org/0000-0003-1488-2668
https://orcid.org/0000-0001-7240-5822
https://orcid.org/0000-0002-4606-4929
https://orcid.org/0000-0002-4548-8500
https://orcid.org/0000-0002-0108-2576
mailto:peter.raguindin@ispm.unibe.ch
https://wileyonlinelibrary.com/journal/cen
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcen.14730&domain=pdf&date_stamp=2022-04-15

RAGUINDIN ET AL.

569
Wi LEY—‘—

1 | INTRODUCTION

Natural menopause is defined as the absence of menstrual periods
for 12 consecutive months for which there is no other obvious
pathological or physiologic cause.! It is a consequence of the
depleted pool of primary ovarian follicles and the termination of
folliculogenesis, resulting in a decline in oestrogen production and an
increase in iron body stores due to the cessation of menses.!
Although women reach menopause at the average age of 50-52
years, the menopausal transition may start several years before the
last menstrual period.?® The menopause transition phase is a period
characterized by fluctuations in sex hormones and the presence of
menopausal symptoms that could be highly troublesome, requiring
hormone therapy.*®

Changes in the sex hormone levels occurring around the
menopause onset have been associated with metabolic changes,
resulting in slower lipid metabolism, impairment of glucose toler-
ance and increased body weight,® leading to higher cardiovascular
morbidity and mortality in ageing women.” 2° Further, menopausal
symptoms have been associated with increased cardiovascular risk
factors, increased risk of coronary heart disease, and increased all-
cause and cardiovascular disease (CVD) mortality.®1%1! Thus,
menopause has been suggested as a risk factor for developing
cardiometabolic diseases (CVD, metabolic syndrome and type 2
diabetes).'?"** Indeed, the incidence of CVD is increased in the
postmenopausal period, thus, consensus statements from leading
experts have made this a priority for cardiovascular prevention in
women's health.’>1® Cross-sectional studies have consistently
reported more adverse cardiovascular risk profiles for post-
menopausal women than premenopausal women.2”"24 Although
the findings from longitudinal studies have been conflicting, some
studies suggested increased cardiometabolic risk factors for
advanced reproductive stages.?>"2? Therefore, it remains insuffi-
ciently explored whether increased cardiometabolic risk after
menopause is a direct consequence of transitioning through meno-
pause or it is a result of cumulative ageing. In this context, we
performed a cross-sectional and longitudinal analysis using data from
a prospective cohort of Swiss women to explore the changes in CVD
risk factors according to the reproductive stage and considering the

role of chronological age.

2 | MATERIALS AND METHODS
2.1 | Study population

The Colaus study is a single-centre, population-based cohort study in
Lausanne, Switzerland established in 2003 to investigate the
epidemiology of CVD and metabolic syndrome in the area.>>3! The
study enrolled adults between 35 and 75 years of age of Caucasian
origin from 2003 to 2006. Caucasian origin was defined as having
both parents and grandparents from a list of countries specified by
the study group. The total population of adults meeting these criteria

was 56,694, of which 19,830 were selected through simple random
sampling by electronic draw, comprising 35% of the source
population. Among these 15,109 (76.19%) responded to the
invitation, for which 799 were ineligible, and 6189 refused to
participate. Thus, only 8121 were eligible for baseline interviews.
Ultimately, 6104 adults completed the baseline interview. A follow-
up visit was then scheduled between 2009 and 2012. The average
time between the visits was 5.6 (+0.5) years. For the current analysis/

study, we used data on baseline and first follow-up (Figure S1).

2.2 | Classification of exposure (reproductive
stage)

The reproductive staging was based on a self-reported prospective
evaluation of menstrual bleeding at baseline and follow-up. Women
were asked if they had menstrual bleeding during the year preceding
the clinic visit. We classified the women into four reproductive stages
based on their baseline menstruation status and follow-up. The
groups were as follows: premenopause (PRE), transition or perime-
nopause (TRANS), early postmenopause (EPOST) and late post-
menopause (LPOST) (see Figure 1). PRE was identified as having
menstrual bleeding at baseline and follow-up. TRANS were those
who had menstrual bleeding at baseline but had no bleeding on
follow-up (women became postmenopausal during the follow-up
period), EPOST those women without menstrual bleeding for 1-5
years at baseline, and LPOST those with amenorrhoea for 5 years or
more at baseline. Women with ovarian cancer or any malignancy
requiring ovarian surgery, hysterectomy (with or without oophorec-
tomy), or chemotherapy were classified under postmenopause and
analysed in this group. Statistical analysis of natural menopause
(those without any surgery) and those with concurrent medication
use (antihypertensives, statins/antilipidemic and oral hypoglycae-

mics/antidiabetic drugs) are discussed in another section.

2.3 | Inclusion and exclusion criteria

We included all women from the Colaus cohort (35-75 years, of
Caucasian origin, with consent to participate). We restricted our
analyses to all women with known menstruation status to facilitate
their reproductive stage classification. Furthermore, we removed
dropouts for our cross-sectional and longitudinal analysis (women
with no information at follow-up).

Of 6104 Colaus participants, we included 3544 women (see
Figure 1). We removed 891 who had no available follow-up data. We
also removed 95 women who did not have information on
menstruation status or with inconsistent menstruation information.
In detail, we used the age of last menstruation to detect inconsistent
menstruation information. At baseline, 39 of 1906 women who
reported no menstrual bleeding had no age of last menstrual period
(2.04% erroneous response), and 41 of 1908 women who had an age
of last menstrual period claimed menstrual bleeding (2.14%
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6,104 Subjects (COLAUS cohort)

Removed 2560 men

3,544 women

FIGURE 1 Flowchart of study participants

986 women removed from analyses

(891 had no available follow-up data and 95 women did
not have information on menstruation status)

2,558 women
707, Premenopause (PRE)
507, Menopause in transition (TRANS)
280, Early menopause (EPOST)

1,064, Late menopause (LPOST)

1,710 women (Main analysis cohort)
696, Premenopause (PRE)
463, Menopause in transition (TRANS)
164, Early menopause (EPOST)
387, Late menopause (LPOST)

erroneous response). At follow-up, 59 of 1935 women with no
menstrual bleeding reported no age of last menstrual period (3.04%
erroneous response), and 59 of 1885 women with a reported age of
last menstrual period claimed menstrual bleeding (3.12% erroneous
response). Furthermore, we found eight women who replied not
having menstrual bleeding (menopause) at baseline but reported
menstrual bleeding (premenopausal) on follow-up (8/2653 women
with follow-up data or 0.3% erroneous response). A total of 2558
women were eligible for analysis. For the final analysis cohort, we
excluded 848 women with current and ever-use of hormone therapy.
Thus, we used data on 1710 women for cross-sectional and
longitudinal analysis (Figure 1).

From this database, we extracted the age, incident and prevalent
cardiometabolic diseases, smoking, drinking habits, physical activity,
medication use and menstrual bleeding status of women at baseline
(2003-2006) and first follow-up visit (2009-2012).

2.4 | Measurement of outcome (cardiovascular
risk factors)

Weight and height were measured using the same scale that
underwent serial calibration during the study period. Body mass
index (BMI) was calculated from the standard formula (weight in
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kilograms divided by height in metres squared). Systolic and diastolic
blood pressure (BP) were assessed in a seated position after a 10 min
rest using Omron® HEM-907 automated oscillometric sphygmo-
manometer. We recorded the average of the last two measurements
(out of three attempts) expressed in mmHg. We computed the 10-
year cardiovascular risk of women using the Framingham risk score

32 We also

(FRS) using a formula from a previous publication.
computed for insulin resistance index using Homeostatic Model
Assessment for Insulin Resistance based on a previous publication.>®

Venous blood samples (50 ml) were obtained from each partici-
pant after overnight fasting. Serum lipids and glucose assays were
performed by the Centre Hospitalier Universitaire Vaudois (CHUV)
Clinical Laboratory. Inflammatory markers were also measured,
namely, high-sensitivity C-reactive protein (hsCRP), interleukin-6
(IL-6), interleukin-1B (IL-1pB), adiponectin, leptin and tumour necrosis
factor-alpha (TNF-a). Laboratory analyses were performed within the
time frame of blood sample collection.

Baseline TNF-a, IL-6 and IL-13 were measured using multiplex
particle-based flow cytometric cytokine assay (Luminex®) with the
lowest detection limit of 0.2 pg/ml. Intra- and interassay coefficients
of variation were 12.5% and 13.5% for TNF-a, 16.9% and 16.1% for
IL-6, and 15% and 16.7% for IL-1pB. Leptin and adiponectin at baseline
were measured using enzyme-linked immunoassay (ELISA) (R&D
Systems Inc.) with a maximum interassay coefficient of variation (CV)
of 12.8% and 8.3%, respectively. On follow-up, we used multiplexed
particle-based flow cytometric cytokine assay (Luminex®) with CV
9.5%. hsCRP was measured using latex immunoassay (Roche
Diagnostics, interbatch coefficient of variability, CV, 4.6%-1.3% on
baseline and 8.0%-7.4% on follow-up). Leptin and adiponectin were
measured using ELISA (American Laboratory Products Co., CV:
12.8%-5.8% and R&D Systems Inc., CV: 8.3%-8.3%). Details of
other routine laboratory assays can be found in the online Supporting

Information.

2.5 | Measurement of covariates

Information on age, educational attainment, alcohol consumption,
tobacco use and physical activity were obtained through a self-
administered questionnaire. Educational attainment was defined as
‘high’ for those with at least a university degree, ‘middle’ for those
who finished secondary school or apprenticeship and ‘low’ for those
who completed mandatory elementary education. Alcohol use was
obtained by asking if participants regularly consume alcohol and
asking for their weekly consumption before the assessment (wine,
beer and spirits; units per week). Tobacco use was self-reported, and
participants were classified as current, former smoker or never
smokers. Physical activity was elicited by asking the frequency of
exercise for at least 20 min in a day per week in each participant.
Prevalent CVD, diabetes and medication use (antihypertensive drugs,
antidiabetic drugs or statins) were collected using a recruiter
administered questionnaire. Hormone therapy use was also obtained

through a questionnaire (current or ever used).

2.6 | Statistical analysis

We used linear regression analysis to determine the association
between reproductive stages (independent variable) and cardiovas-
cular risk factors (dependent variable). Iterative models were
developed to correct for (a) outcome-specific medication use
(antilipid drugs/statins for cholesterol, triglycerides, high-density
lipoprotein (HDL) and low-density lipoprotein (LDL); antidiabetics/
hypoglycemic drugs for insulin, fasting glucose and insulin resistance
index; and antihypertensive drugs for systolic and diastolic BP), (b)
chronologic age, (c) baseline health and social factors (baseline CVD,
educational attainment, alcohol consumption, tobacco use and
physical activity), (d) BMI that was added incrementally. We used
PRE as the reference group in the linear regression model. Covariates
selected for adjustments were based on current literature and
scientific plausibility for the association of menopause and CVD (see
online Supporting Information).

To explore the longitudinal changes, we examined the changes
(mean difference) of cardiovascular risk factors between baseline and
follow-up within each reproductive stage using paired t-test. We
used a multilevel mixed-model approach fitted using a random-slope
model to examine the association of cardiovascular risk factors
(dependent variable) of different reproductive stages (independent
variable). The PRE was used as a reference category. Since the
reproductive stage could be correlated with the time gap of
observation, we included an interaction term of these two factors
(reproductive stage and time gap) in our regression model.

To determine the influence of chronologic age, we iterated the
cross-sectional and longitudinal analysis using age as the independent
variable. We performed regression using the adjustments as
previously mentioned, with the addition of menstruation status. We
compared the fully adjusted models using reproductive stage and
chronologic age as independent variables to determine which was
more associated with longitudinal changes in cardiovascular risk
factors.

In sensitivity analyses, we compared the women included in
the cohort and those excluded from the analysis to investigate any
selection bias in cross-sectional and longitudinal analyses. In
addition, we restricted the analyses to specific women groups,
namely: (i) women who reported natural menopause (removed
women with ovarian surgery, hysterectomy with or without
oophorectomy and chemotherapy menopause), and (i) women
without comorbidities (no intake of medications namely, antilipids/
statins, antidiabetics/oral hypoglycemics and antihypertensive
drugs, no prevalent CVD and no prevalent diabetes). We iterated
for both cross-sectional and longitudinal analyses for both of these
groups. We explored the use of time-varying covariates consider-
ing changes in smoking and alcohol consumption habits across
time. Finally, to gain higher statistical power, we performed
iteration of all mentioned models to include women with hormone
therapy use (data on 2558 women).

All analyses were performed using STATA 15.1 for Windows
(STATA Corp.). All computations were done using two-tailed tests.
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p Value less than .05 was considered significant, yet we used
Bonferroni correction to adjust for multiple testing. We analysed the
women with available outcomes (baseline and follow-up). We did list-

wise deletion for those with incomplete outcomes.

2.7 | Ethical consideration

The institutional Ethics Committee of the University of Lausanne,
which afterwards became the Ethics Commission of Canton Vaud
(www.cer-vd.ch), approved the baseline Colaus study (reference
16/03). The approval was renewed for the first (reference 33/09)
follow-up. The study is compliant with the Swiss Human Research
Act (810.30 Federal Act of 30 September 2011 on Research
involving Human Beings) and Federal Regulations on Data
Protection (235.1 Federal Act of 19 June 1992 on Data
Protection). The database was managed and kept at the Institute
of Social and Preventive Medicine—University of Bern. Written
informed consent was obtained from the participants upon their
visit for clinical assessment. To maintain the anonymity of the
participants, we removed all identifying information not relevant

to the analysis.

3 | RESULTS
3.1 | Baseline characteristics

We used data from 1710 women for both cross-sectional and
longitudinal analysis. Based on menstruation status at baseline and
follow-up, women were classified as premenopausal (PRE, n = 696),
women in menopause transition (TRANS, n=463), women in early
(EPOST, n = 164) and late menopause (LPOST, n = 387), Figure 1. The
baseline characteristics are summarized in Table 1. The clinical
characteristics of excluded participants, clinical profile of included
participants on follow-up, and missing data table can be found in
Table S1A-C. The details of women with paired data used for the
analysis (outcome data on baseline and follow-up) can be found in
Table S1B.

At baseline, most of the advanced reproductive stages have
higher cardiovascular risk factors, with some exceptions. Insulin,
leptin, TNF-a, and IL-1B were higher in PRE (insulin: 7.27 + 4.54 micro
IU/ml; leptin: 1.25+0.90 ng/ml; TNF-a: 11.4+131.6 pg/ml; and
IL-18  5.64+52.4pg/ml) compared to TRANS (insulin:
7.08 £4.27 micro 1U/ml; leptin 1.28 +0.96 ng/ml; and IL-13 4.15 +
15.5) (Table 1). The mean BMI was highest (26.8 + 5.4 kg/m?), and
hypertension (47.6%), diabetes (9.8%), CVD (9.3%) and the use of
antihypertensive (25.6%) and antidiabetic (6.5%) medications were
the most prevalent in LPOST group (Table 1). In women without a
history of CVD, FRS were also substantially higher in EPOST and
LPOST (6.37+4.08 and 10.92 +7.2) compared to PRE and TRANS
(2.32+1.76 and 3.94 +2.57).

3.2 | Reproductive stage versus chronologic age:
Association with cardiovascular risk factors
(cross-sectional analysis)

Using reproductive stage as independent variable (fully-adjusted
model) (Tables 2 and S2a), the EPOST and LPOST groups had higher
BMI (B = 1.5, 95% confidence interval [Cl]: 0.5, 2.4; and B=2.4, 95%
Cl: 1.3, 3.4), total cholesterol (B = .4, 95% Cl: 0.2, 0.6; and B =.2, 95%
Cl: 0.02, 0.5), adiponectin (B=.2,95% CI: 0.1, 0.4; and B = .2, 95% Cl:
0.1,0.4) and IL-6 (B =.4,95% CI: 0.1, 0.7; and B = .5, 95% CI: 0.1, 0.9)
compared to PRE group (Table 2). Serum triglyceride (8 =.1, 95% Cl:
0.02, 0.2), fasting glucose (B=.2, 95% CI: 0.03, 0.4), hsCRP (8=.2,
95% CIL: 0.03, 0.3), and leptin (8 =.2, 95% Cl: 0.03, 0.3) was higher in
LPOST compared to the reference group (PRE). The incremental
addition of covariates showed that the coefficients (EPOST and
LPOST) were positive for BMI, diastolic BP, total cholesterol, LDL,
triglycerides, fasting glucose, insulin, insulin resistance index, leptin,
and IL-6 (Table S2A, Model 1-3).

Using age as the independent variable, fully adjusted models
showed increasing systolic BP (8=.7, 95% Cl: 0.5, 0.8), total
cholesterol (B=.03, 95% Cl: 0.02, 0.04), HDL (B=.005, 95% ClI:
0.001, 0.009), LDL (B=.025, 95% CI: 0.02, 0.03), triglycerides
(8=.005, 95% CI: 0.0008, 0.009), and IL-6 (B =-.03, 95% CI: -0.04,
-0.01) with increasing age (Table 2).

3.3 | Reproductive stage versus chronologic age:
Changes in cardiovascular risk factors across time
(longitudinal analysis)

We examined the mean difference in CVD markers comparing
women at baseline and follow-up in each group (Table S3A). Using
linear mixed models for longitudinal analyses, fully corrected models
did not show any statistically significant differences in 5-year
changes on all cardiovascular risk factors comparing TRANS,
EPOST and LPOST to PRE (Table 3). On the incremental addition
of covariates (Table S3B), we found that medication-adjusted model
(Model 1) showed higher cholesterol and LDL in early- and late
postmenopausal women. There is also an increase in triglycerides in
the menopause transition group compared to premenopausal women
in medication-, age-, and lifestyle-adjusted models (Model 1-3).
Using age as the independent variable in the linear mixed models,
we observed age to be associated with changes in cardiovascular risk
factors. In particular, there was an increase in systolic BP (8=.7, 95%
Cl: 0.6, 0.8), diastolic BP (B =.09, 95% Cl: 0.02, 0.16), total cholesterol
(B=.03, 95% Cl: 0.03, 0.04), HDL (B =.006, 95% Cl: 0.003, 0.009),
LDL (B=.02, 95% CI: 0.02, 0.03), triglycerides (8=.006, 95% CI:
0.003, 0.009), fasting glucose (B=.006, 95% Cl: 0.002, 0.01), and
adiponectin (8=.008, 95% Cl: 0.003, 0.01) with increasing chrono-
logic age (Table 3). Other inflammatory markers, IL-6 (8=-.02, 95%
Cl: -0.03, -0.006) and IL-1B (B=-.02, 95% CI: -0.03, -0.009),

decreased with age.
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TABLE 1 Baseline characteristics of women across different reproductive stages
Premenopause Transition Early postmenopause Late postmenopause
(n=696) (n=463) (0-5years) n=164 (25 years) N =387 p Value®
Average follow-up time, years, mean (SD) 5.6 (0.5) 5.6 (0.5) 5.6 (0.5) 5.5 (0.4) 313
Demographic and lifestyle factors
Age, mean (SD) 40.7 (3.6) 47.2 (4.1) 53.2 (4.2) 62.5 (7.4) <.001
Age at menopause onset, mean (SD) - - 50.7 (3.9) 47.8 (5.4) <.001
Educational attainment (%)
High 189 (27.2) 98 (21.2) 27 (16.5) 36 (9.3) <.001
Middle 201 (28.9) 129 (27.9) 42 (25.6) 93 (24.0)
Low 306 (43.9) 236 (50.9) 95 (57.9) 258 (66.7)
Physical activity®
None 197 (28.9) 168 (36.6) 65 (39.9) 135 (35.6) <.001
1 per week 91 (13.3) 48 (10.5) 13 (8.0) 15 (4.0)
2x per week 383 (56.2) 233 (50.8) 84 (51.5) 228 (60.2)
>3 per week 11 (1.6) 10 (2.2) 1 (0.6) 1(0.2)
Drinker (%) 449 (64.5) 300 (64.8) 97 (59.2) 230 (59.4) 215
Alcohol consumption (units/week) 3.7 (5.5) 4.2 (6.3) 3.4 (4.1) 3.7 (5.2) 379
Smoking
Current smoker (%) 186 (26.7) 143 (30.9) 36 (22.0) 93 (24.0) 176
Former smoker (%) 183 (26.3) 127 (27.4) 47 (28.7) 104 (26.9)
Never (%) 327 (47.0) 193 (41.7) 81 (49.3) 190 (49.1)
Hypertension (%) 69 (9.9) 70 (15.1) 52 (31.7) 184 (47.6) <.001
Use of antihypertensive 30 (4.3) 29 (6.3) 26 (15.9) 99 (25.6) <.001
Diabetes (%) 5(0.7) 6 (1.3) 6 (3.7) 38 (9.8) <.001
Use of antidiabetic meds (%) 2 (0.3) 4 (0.9) 5(3.1) 25 (6.5) <.001
Baseline cardiovascular disease (%) 9 (1.3) 5(1.1) 10 (6.1) 36 (9.3) <.001
Use of statins (lipid lowering drugs) (%) 5(0.7) 7 (1.5) 8 (4.9) 56 (14.5) <.001
Body mass index (kg/m?) 23.8 (4.3) 24.2 (4.4) 25.6 (5.2) 26.8 (5.4) <.001
Blood pressure
Systolic blood pressure (mmHg) 114.6 (12.4) 118.9 (14.8) 123.2 (16.5) 133.1 (19.6) <.001
Diastolic blood pressure (mmHg) 74.6 (10.1) 76.7 (10.9) 78.4 (11.1) 80.1 (11.0) <.001
Lipid profile
Total cholesterol (mmol/L) 5.1 (0.8) 5.3(0.9) 5.9 (1.0) 6.0 (1.0) <.001
High-density lipoprotein (mmol/L) 1.8 (0.4) 1.8 (0.5) 1.8 (0.4) 1.8 (0.5) .029
Low-density lipoprotein (mmol/L) 2.9 (0.7) 3.0 (0.8) 3.5(0.9) 3.5(0.9) <.001
Triglycerides (mmol/L) 0.95 (0.48) 1.02 (0.53) 1.12 (0.54) 1.37 (0.72) <.001
Glucose metabolism
Fasting glucose (mmol/L) 5.09 (0.74) 5.19 (0.59) 5.31 (0.86) 5.64 (1.38) <.001
Insulin (micro 1U/ml) 7.27 (4.54) 7.08 (4.27) 7.37 (3.78) 9.35 (6.34) <.001
Insulin resistance index® 1.68 (1.25) 1.66 (1.05) 1.81 (1.13) 2.48 (2.09) <.001
Cardiovascular/inflammatory markers
High sensitivity C-reactive protein (pg/ml)° 2.26 (3.52) 2.07 (3.09) 2.25 (3.35) 3.03 (3.94) <.001

(Continues)
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TABLE 1 (Continued)

Premenopause Transition Early postmenopause Late postmenopause
(n=696) (n=463) (0-5years) n= 164 (25 years) N =387 p Value®
Leptin (ng/ml)*¢ 1.25 (0.90) 1.28 (0.96) 1.47 (0.99) 1.69 (1.10) <.001
Adiponectin (ng/ml)¢ 1.19 (0.80) 1.17 (0.63) 1.51 (1.31) 1.38 (0.93) <.001
Tumour necrosis factor-alpha (pg/ml)° 11.4 (131.6) 4.4 (11.0) 12.8 (96.6) 4.7 (13.4) <.001
Interleukin-6 (pg/ml)° 9.27 (65.4) 18.5 (247.1) 10.8 (43.8) 10.3 (98.2) .576
Interleukin-1B (pg/ml)° 5.64 (52.4) 4.15 (15.5) 6.27 (25.7) 2.58 (9.2) .049
Framingham risk score’ 2.32 (1.76) 3.94 (2.57) 6.37 (4.08) 10.92 (7.2) <.001

2Analysis of variance for continuous variables and x? test for categorical variables.

bPhysical activity was obtained by self-report of doing physical activity for more than 20 min/day/week.

“Crude values. Transformation of values done in logarithmic scale before testing for statistical significance. Summary values expressed as median

(interquartile range).

9Based on Homeostatic Model Assessment for Insulin Resistance, HOMA IR. (Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia.

1985;28:412-19).

€Converted to standardized scores (subtracting the assay values by the mean, and divided by the standard deviation).

fFramingham risk score computed only for women without a history of cardiovascular disease (PRE 687, TRANS 458, EPOST 256, LPOST 351) (Formula
based on D'Agostino RB, Sr., Vasan RS, Pencina MJ, et al. Circulation. 2008 Feb 12;117(6):743-53).

3.4 | Sensitivity analyses

In comparison to women who were excluded from the study
(Table S1A), women included in our study were younger (mean age:
48.6 £9.7 vs. 57.1+9.9 years), with a higher proportion of current
smokers (26.8% vs. 23.0%). We also noted a lower proportion of
diabetes (3.2% vs. 4.7%) and hypertension (21.9% vs. 37.7%). The
women included in the study had lower BMI, BPs, lipid profiles,
glucose metabolism indices and cardiovascular/inflammatory markers
compared to those excluded.

Upon restricting our analyses to specific groups of women (i.e.,
1590 women with natural menopause, and 1213 women without
comorbidities) in our cross-sectional analyses, our estimates were
similar except when restricting to women without comorbidities
(Table S2B). For women without comorbidities, early postmenopause
had higher cholesterol and LDL compared to premenopausal women.
Both early and postmenopausal women without comorbidities had
higher adiponectin and IL-6 compared to premenopausal women. In
our longitudinal analyses, early menopause women had higher total
cholesterol compared to premenopausal women for those with no
comorbidities (B =1.99, 95% CI: 0.09, 3.9) (Table S3C). Furthermore,
triglycerides were higher in the menopause transition group than
premenopausal women upon restriction to those who had natural
menopause (8 =.55, 95% Cl: 0.04, 1.1). Although, both comparisons
did not reach statistical significance when adjusting for multiple
testing.

We also explored our models by using time-varying covariates.
Our longitudinal model showed higher triglyceride levels (8=.52,
95% Cl: 0.001, 1.04) for the menopause transition group than
premenopausal women considering changes in smoking and alcohol
intake habits over time (Table S4).

Finally, to explore changes in cardiovascular risk in women with a
larger sample size, we iterated all our models using 2558 women,
including hormone therapy users. Results were in line with our main
results (Tables S5-57).

4 | DISCUSSION

Women in midlife experience dramatic hormonal, physiologic,
psychologic and social changes. As women in midlife transition to
menopause, previous studies have associated this critical period with
increased cardiovascular risk. Ageing is the strongest predictor of
cardiovascular risk. However, in women, this relationship is more
complex because of their transitions through reproductive stages.
Since chronologic age and reproductive stage are closely related, it is
challenging to determine whether reproductive stage or cumulative
ageing are more relevant to increased cardiovascular risk after
menopause.

In cross-sectional analyses we observed a poorer cardiovascular
risk factor profile among women in advanced reproductive stage
(postmenopausal). While postmenopausal women still had the worst
cardiovascular profile after 5 years of follow-up, the longitudinal
changes in cardiovascular risk factors were similar across all
reproductive stages. In our sensitivity analyses, we removed women
with surgical- or chemotherapy-induced menopause as they carry
higher cardiovascular risk due to their primary condition. The models
did not result in statistically significant changes. On the other hand,
age risk models showed statistically significant associations with
cardiovascular risk factors even after adjusting for the reproductive
stage. We surmise that age is still a stronger predictor of poorer

cardiovascular risk than advancing reproductive stage.
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Cross-sectional analyses investigating the role of the reproduc-
tive stage in cardiovascular risk factors have unanimously identified a
poorer CVD risk profile in postmenopausal compared to premeno-
pausal women.'?"2% Our findings reiterate these findings. CVDs
result from accumulated stress on several pathways that ultimately
lead to vascular damage and heart disease. However, the clinical
profiles of premenopausal and postmenopausal women within the
same age range are different and incomparable. Women of the same
age with different reproductive stages are deemed to have different
health status and lifestyle that confounds their cardiovascular risks.
Also, the directionality of the variables (cause and effect) is
something that the cross-sectional analysis cannot resolve. Thus,
cross-sectional study designs are inherently limited in resolving this
issue.

Longitudinal analyses allow one to follow through with each
subject and consider variability among women with a reproductive
stage, and variability between stages. More importantly, the direction
of causality can only be determined through this study design. To our

h,2°>72% and far fewer

knowledge, only a few studies used this approac
were done in Europe.?” Body composition was studied in two
analyses with divergent results.?®?° One study demonstrated an
increased fat mass seen in advanced reproductive stage,?’ but no
difference was seen in another study.?® Our study was limited to
BMI, for which we observed no significant changes across different
reproductive stages. Various longitudinal studies were consistent on
the association of older reproductive stage and poorer lipid profile,
although there was incoherence as to which specific lipid molecule. In
a women's cohort in Australia with 150 participants, the longitudinal
analysis showed a difference with the older reproductive stage
(postmenopause). These women underwent repeated measures
across 7 years of observation as they transitioned to menopause.
HDL was lower in the postmenopausal phase compared to the
premenopausal phase of their reproductive life.?®> In another
women's cohort in the United States with 1054 participants
compared across different reproductive stage groups, Matthews

et al.2¢

reported total cholesterol, apoB, and LDL were higher in the
menopause transition. We did not find any statistically significant
difference in changes in serum lipids across different reproductive
stages on our fully adjusted models. In our sensitivity analyses, we
found triglycerides levels were higher for women in menopause
transition in medication-, age-, and lifestyle-adjusted models than the
premenopausal women (Table S3B, Model 1-3). Cholesterol and LDL
were also higher in early and late postmenopausal group than the
premenopausal group only in the medication-adjusted model
(Table S3B, Model 1). However, owing to multiple comparisons, it is
highly possible that these are merely chance findings with limited
clinical significance.

Most cross-sectional data consistently showed a higher preva-
lence of diabetes in postmenopausal compared to the premenopausal
group.®#73¢ However, the ageing trajectory is rarely considered or
treated inappropriately in all these studies. Our findings are
consistent with other menopause longitudinal studies showing no
significant changes among different reproductive stages.?*>” Thus,
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menopause, per se, seems to be less important, and the ageing
process and other lifestyle factors are still dominant factors in the
development of diabetes. A systematic review has found that
postmenopausal obesity influences the development of diabetes,>®
therefore, highlighting the importance of lifestyle modification during
menopause transition and thereafter.

IL-6 and IL-1B are inflammatory markers that are known to be
higher in the ageing population.3’ Both are proinflammatory
cytokines that are sometimes used as markers of chronic disease
and frailty in the elderly.***! Our analysis showed no significant
changes in IL-6 and IL-1p according to the reproductive stage but we
report inverse association (decreases) with age. Changes in laboratory
standards across time, selection bias towards the healthy group, and
missing data could have led our results to an opposite trend.
Nevertheless, these finding warrants to be investigated further.

Our study has important differences in the study design and
analysis compared to the other women's health studies. We assumed
a linear relationship, used two-time points with a 5.5 (+0.4) year
interval, and specified premenopausal women as the comparison
group. The Study of Women's Health Across the Nation (SWAN) in
the United States and the Melbourne Women's Midlife Health
Project in Australia both used piecewise regression (and explored
nonlinear relationship), used multiple data points across time, and
used menopause transition as a reference. These crucial differences
could be the main reason for the disparity of our results to these
women's cohorts.

The normal ageing process in women is accompanied not only by
a decline in ovarian function but also by changes in epigenetic profile,
increased oxidative damages, and varied iron metabolism. All these
are known to contribute to elevated cardiovascular risk profiles in
ageing women. For example, the changes in sex hormones accompa-
nying menopause affect the baseline chronic inflammation, endothe-
lial function and serum lipid levels, which puts them at higher risk for
CVD.*? However, genetic variations and epigenetic changes that are
related to early-onset menopause had been discovered to be
associated with increased cardiovascular risk factors.* Also, ageing
is associated with the accumulation of oxidative stress, one of the
main drivers of heightened risk, independent of menopause status.
Together, all these factors make it challenging to associate whether

menopause alone is an independent risk factor for CVD.

41 | Strengths and weaknesses

The onset of menopause has been largely affected by region and
ethnicity. External and other environmental factors such as diet,
physical activity, smoking, mental health and socioeconomic factors
influence the menopause onset. We present one of the few studies
from a cohort of women in Europe, with a growing ageing population,
and thus, at a high burden of CVDs. This is with a background of
varying menopausal ages and practices in hormone replacement
therapy in European compared to North American women cohorts

that may significantly affect the cardiovascular risk. Europeans have a
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better dietary pattern, higher physical activity, and better health-
seeking behaviour than in the United States.****> Women in
Switzerland, and Europe in general, have higher rates of smokers
compared to women in the other cohorts.** Our cohort had 53.9%
(923/1710) women who never smoked, which is higher compared to
SWAN cohort in the United States (42.7%)?° and to Melbourne
Womens' Health in Australia (22%).254748 Also, our study is one of
the largest longitudinal analyses in terms of sample size and has a
lower dropout rate compared to other cohorts that have longitudinal
data on reproductive stage and cardiovascular risk factors?®47-53
Lastly, we analysed inflammatory markers utilized in cardiovascular
risk stratification, which were reported in few cohorts.?%%”
However, our study has important limitations that merit to be
discussed. First, the included participants had more favourable
lifestyle and cardiovascular risk factor profiles compared to the
excluded (Table S1A). Our study population had higher baseline
physical activity levels, lower proportion of smokers and higher
educational attainment. All of which could point to a bias similar to
healthy users or adherers. This is a common bias in observational
studies when individuals with healthier lifestyles have higher
participation rates than nonparticipants or those lost to follow-up.
A selection bias towards the healthy individuals could have been the
reason for our null findings or finding no statistically significant
difference among different reproductive stages across time. As a
result, our results on CVD risk factors prevalence across different
reproductive stages might have been underestimated. The true
differences between reproductive stages may be revealed if women
with poorer lifestyles were included. Second, our exposure classifica-
tion (menstruation status) is based on self-reported data. Women
were classified into reproductive stage groups based on the baseline
guestionnaire, and the status was confirmed using self-reported age
at last menstruation. Also, there was no active follow-up on the
women between the 5-year gaps to confirm the menstrual status. We
did the necessary counterchecks to confirm the menstruation status
of the women in our cohort. All women with invalid responses to
menopause were removed from the analysis. With the erroneous
response rate (as mentioned in the methods), we surmise that up to
5% of the women may have been misclassified in our analysis and
would be unlikely to change our estimates dramatically. Third,
focusing on a specific population can remove other confounding
factors, but this also raises the question of the generalizability of
results with women of different ethnicities. Fourth, our laboratory
assays were done in real-time between baseline and follow-up, and
not simultaneously performed on biobank blood samples. Although
all samples were processed by one laboratory (CHUV), the laboratory
standards could have changed across the period, and these were not
accounted for in our models. Fifth, women who underwent
hysterectomy, oophorectomy, and chemotherapy were all classified
as nonnatural menopause. Women who underwent hysterectomy
with preserved ovaries are a particular group of women with
different endocrinologic profiles than those who underwent oopho-
rectomy (ovaries removed). Unfortunately, our data was not able to

distinguish these two groups, and we iterated our models on women

with natural menopause. Finally, we only compared two data points
to characterize the early changes in cardiovascular risk factors. We
expect a more optimized model that would likely capture the true
effects by increasing the data points. Corollary to this, we also
assumed that associations are mostly linear, which is different from
some studies that performed a piecewise linear regression model

(over multiple time points) and performed spline modelling.2®

4.2 | Future direction and outlook

Women in menopausal transition are a particular phenotype as the body
begins to experience hormonal changes (reproductive stage) and
advancing age (chronologic age). Studies have shown that women in
the transition phase of menopause have higher cardiovascular risk
factors (i.e., lipid profile, glucose, BP, fat composition), and a longitudinal
analysis had further strengthened the influence of the reproductive
stage on lipid profile. However, women in the transition phase are not
being targeted by current clinical guidelines on CVD prevention. This is
likely due to the absence of universally accepted reproductive ageing
criteria that are in use by healthcare providers, and thus, precluding
preventive care to this group. Currently, there is no validated biomarker
that aids in the classification or a widely accepted scoring system in
determining those at the transition phase of menopause.>* The sine qua
non for the diagnosis, and the operational definition of menopause
remain the absence of menstrual bleeding for a year. More research is
needed to look for biomarkers in aid of classification. More longitudinal
studies on biomarkers for ovarian age are still lacking.

Aside from a standard classification of reproductive stage, there is
still a considerable discussion over menopause and sex hormones' effect
on women's cardiovascular health. As of now, there is no large women's
cohort in Europe with detailed information on their reproductive and
menstrual history, combined with biomarkers and genetic information.
The cohorts in North America have driven much of our current
knowledge, although with different dietary patterns, lifestyle habits and
genetic predispositions. Lastly, there is a need for more longitudinal
studies accounting for the natural ageing process and, most importantly,

explain the directionality and causality of cardiovascular risk differences.

5 | CONCLUSION

All women increase their cardiovascular risk as they get older, and in
our study, we found no differences in cardiovascular risk changes
comparing women in advanced reproductive stages with premeno-
pausal women. This highlights the strong association between
chronological age and the cumulative deleterious effects in CVD risk
for women. More longitudinal studies that use novel biomarkers for
ovarian age are still needed to disentangle the association between
menopause and CVD risk in postmenopausal women and women in
the menopause transition. Although the proof of menopause and the
menopause transition is still lacking, it would be prudent to do

screening and preventive measures during menopause transition as
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these are also ageing women with inherent cardiovascular risks.
Cardiovascular preventive measures should target not only post-
menopausal women but also women in the transition phase while

waiting for more conclusive evidence.
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