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Abstract

It is known that the menopause transition (MT) is a complex period during a woman’s life, but
there has been ongoing debate on whether the increase in cardiovascular disease (CVD) during
midlife is due to chronological aging or ovarian aging. The purpose of this review is to summarize
the recent findings on the role of ovarian aging versus chronological aging on cardiovascular
disease (CVD) outcomes and its risk factors in women.

Recent data from longitudinal studies have shown that menopause-related factors, such as earlier

age at menopause and surgical menopause are associated with higher CVD outcomes. The MT is

also associated with detrimental changes in vascular health as well as cardiometabolic risk factors
including body composition, visceral fat accumulation, lipids/lipoproteins, blood pressure and the
metabolic syndrome.

The robust evidence from recent research indicating increases in CVD risk over the MT beyond
aging call for immediate efforts to rise awareness among women and their health care providers of
CVD risk acceleration accompanying the MT. Efforts should also be directed toward developing
and testing novel preventive approaches that target women during this time period to counteract
the expected increase in CVD risk.
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INTRODUCTION:

ESTABLIS

In women, progressing through midlife, a time period which coincides with the menopause
transition (MT), is associated with an increase in risk of cardiovascular disease (CVD) 1.
Whether the MT plays a role in this increased CVD risk or whether the elevated risk is a
mere consequence of chronological aging has been the subject of a major debate for many
years. Several studies tried to disentangle the contribution of chronological versus ovarian
aging on CVD risk in women using mainly a cross-sectional study design 24. However,
despite the fact that menopause is defined as a single event marked by the time of the final
menstrual period (FMP), the phase of the MT is much more complex. It is characterized
by hormonal, physiological, and symptomatic changes that start years before the FMP °
and last well into the postmenopausal period, with significant variability in these changes
among midlife women. As such, understanding the consequences of the MT on health and
well-being, and distinguishing its contributions to disease risk independent of chronological
aging can be challenging in the context of cross-sectional study designs. Longitudinal
studies that follow women over time and characterize menopause-related changes over the
MT are essential to comprehend whether the MT increases CVD risk in midlife women.

Over the last 2 decades, the science linking the MT with CVD risk significantly evolved
as a result of longitudinal data from cohort studies that have followed women over the MT
6-8, The growing data in the field pushed for the release of the first scientific statement

on menopause and CVD in 2020 by the American Heart Association (AHA) 9**. This
statement highlighted the MT as a period of increased CVD vulnerability in women,

and acknowledged the urgent need to increase awareness in identifying the escalating
cardiovascular risk linked to this stage of women’s lives at the levels of women and health
care providers. The AHA statement also stressed the need for clinical trials that target
women during the MT for better identification of preventive approaches to mitigate the
heightened disease risk.

This short review summarizes the latest relevant research from the past 20 years that
investigates how the MT might independently increase CVD risk beyond chronological
aging. Further, the review identifies the next steps that are essential to move the field of
CVD prevention in midlife women forward.

HING A LINK BETWEEN MENOPAUSE AND CVD RISK:

When it comes to establishing a link between menopause and CVD risk, most studies
utilized age at which women reach the FMP as a surrogate to understand menopause.

Due to the need for a long follow up time, earlier studies collected age at menopause
retrospectively. Although, this approach is convenient, recall bias has been a major concern
10, This bias is a problematic if the goal is to characterize changes as related to time relative
to the date of the final menstrual period. However, in studies that focused on establishing

a link between age at menopause and CVD, meta-analyses provided consistent results
411-13 For example, in a recent meta-analyses that included pooled data from 310,329
women from 32 observational studies, women who reached menopause (both naturally or
surgically) at an age younger than 45 years (early menopause) had a relative risk (RR) of
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1.50 (95% CI: 1.28-1.76) for coronary heart disease (CHD) compared to those who reached
menopause after the age of 45 years!3. Moreover, women with early menopause had higher
risk of CVD mortality [RR: 1.19 (95% CI: 1.08-1.31)] and CHD mortality [RR: 1.11 (95%
Cl: 1.03-1.20)] compared to women who reached menopause after the age of 45 years

13%* Interestingly, another recent meta-analysis from the InterLACE consortium of 301,438
women suggested that the relation between younger age at natural menopause and increased
risk of CVD events may be limited to cardiovascular events occurring before the age of 60
years, but not after age 70 years 14.

The reported finding of a greater risk of CVD with younger age at menopause has been
attributed to the shorter exposure to endogenous estradiol in women reaching menopause
earlier than others. As such, researchers hypothesized that surgical menopause induced by
bilateral salpingo-oophorectomy would be associated with a higher CVD risk if it occurred
prior to the average age at natural menopause. A recent study of 144,260 women from

the UK Biobank who were followed for a median of 7 years, the incidence rate of a
composite CVD measure (defined as incident coronary artery disease, heart failure, aortic
stenosis, mitral regurgitation, atrial fibrillation, ischemic stroke, peripheral artery disease,
or venous thromboembolism) was 11.3/1000 woman-years for women with premature
surgical menopause (<40 years), 8.8/1000 woman-years for women with premature natural
menopause (<40 years) and 5.7/1000 woman-years for women with natural menopause >40
years 15, In a meta-analysis from the InterLACE consortium, it was reported that in 203,767
postmenopausal women, the positive association of surgical versus natural menopause with
the first non-fatal CVD event was attenuated by age at menopause. However, compared to
women who achieved natural menopause at 50-54 years, early surgical menopause (<40
years) was significantly associated with a higher hazard for CVD risk [HR for age <35
years: 2.55 (95% Cl: 2.22, 2.94); HR for age 35-39 years: 1.91 (95% Cl: 1.71, 2.14)]12**,

DISINTANGLING THE CONTRIBUTION OF THE MT VS. CHRONOLOGICAL
AGING ON CVD RISK IN MIDLIFE WOMEN:

The MT is very complex and rich. As such, it can be characterized and studied in relation
to CVD risk factors using multiple dimensions other than age at menopause. These include
hormonal changes, changes in cycle length and bleeding patterns, frequency and severity
of vasomotor symptom, stages of the M T, and timing relative to the onset of menopause®.
Studying CVD risk anchored to time relative to menopause onset has been an attractive
approach utilizing data from longitudinal studies followed women over the MT. If the
trajectory of a studied CVD risk factor was linearly related to time relative to menopause
onset, one can conclude that the association is more driven by chronological aging.
However, if trajectory of a studied CVD risk factor was not linear and showed inflection
points around menopause, one can conclude that the existing association is more driven

by the MT, Figure 1. Another methodological approach involves calculating time elapsed
in each stage of the menopause transition by documenting timing of changes in bleeding
patterns and then assessing related changes in a studied CVD risk factor over time in each of
the reported stages. Increases in risk in a specific stage independent of age would suggest a
change that is more likely to be driven by the MT16,
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IN CARDIOVASCULAR HEALTH AT MIDLIFE THAT ARE MORE

DRIVEN BY THE MT:

In the following sections, we focus on the acceleration in CVD risk factors that have been
found to be more driven by the MT rather than chronological aging using the time relative

to menopause onset approach or the time elapsed in each stage of the MT. These CVD risk
factors include body composition, visceral and ectopic fat deposition, lipids and lipoproteins,
blood pressure, metabolic syndrome, and vascular health measures.

The MT, Weight Gain, Body Composition and Fat Deposition

The most prominent change that is associated with ovarian aging is the alteration in

body composition. Even though studies in midlife women failed to show a relationship
between weight gain and the MT beyond the effect of chronological aging 17, changes in
body composition has been recently proven to be a MT-related phenomenon 18**_|n a
longitudinal analysis of 1,246 midlife women, anchoring fat mass and lean mass to time
relative to menopause onset showed that rate of fat gain doubled, while lean mass declined
until 2 years after menopause?®. Interestingly, midlife women are more likely to accumulate
visceral fat in the abdomen 19 and in ectopic locations, such as around the heart 20 and in
the liver 21, This increase in visceral fat in the abdomen is more driven by the MT rather
than chronological aging. In women participating in the Study of Women’s Health Across
the Nation (SWAN) Heart ancillary study, abdominal visceral fat increased by 8.2% (95%
Cl: 4.1%- 12.5%) between 2 years before menopause until natural menopause. This increase
continued after menopause but at a slower rate 22**,

The MT and Lipids/Lipoproteins

The Menopa

SWAN provided one of the strongest evidence that changes in lipids/lipoproteins during
midlife are linked to the MT independent of aging. Total cholesterol and low-density
lipoprotein cholesterol (LDL-C) peaked during the late-peri and early postmenopausal
stages 23. This has been consistent with findings from other studies 242°, The increase

in LDL-C and apolipoprotein B (ApoB) is the steepest from one year before until one year
after the FMP 26, On the other hand, the association between the MT and high-density
lipoproteins (HDL) is complex. Studies have shown contradicting results on the direction
of change in HDL-C between the premenopausal and postmenopausal stage 27-28. However,
recent work from studies following women over time has shown that HDL-C is higher
after menopause 29-32, with this increase associated with higher subclinical atherosclerosis33
suggesting that HDL may become dysfunctional over the MT30**_ This was apparent by
the decline in the overall size of HDL particles, the increase in small HDL particles and

in the triglyceride content of the HDL, as well as the decline in cholesterol efflux capacity
per HDL particle around menopause. This HDL profile has been previously associated with
worse CVD profile.

use Transition, Blood Pressure and Metabolic Syndrome

The metabolic syndrome is defined as the clustering of at least 3 of the following
five conditions: high blood pressure, high fasting glucose, high triglycerides, large waist
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circumference and/or low HDL-C. Interestingly, prevalence of the metabolic syndrome
significantly rises close to the FMP independent of age 34. Moreover, the progression and
increase in severity of the metabolic syndrome are greatest during the late perimenopausal
years compared with the postmenopausal period 3°**, Although these findings support a
strong link between the metabolic syndrome and the MT, studies that evaluated specific
components of the metabolic syndrome such as insulin resistance and diabetes showed that
changes during midlife are not related to menopause status 36. Until recently, it was believed
that the increase in blood pressure in midlife women is attributed to chronological aging 26.
However, a recent publication from SWAN showed that women may experience different
patterns of changes in their blood pressure during midlife, with one of these patterns
displaying an acceleration in blood pressure rise, particularly 1 year after menopause. This
pattern was observed in 35% of the SWAN cohort. This supports the theory that blood
pressure changes in midlife are related to the MT in some but not all midlife women 37**,

The MT and Vascular Health

In a longitudinal analysis of 249 women from SWAN 38, carotid intima media thickness and
adventitial diameter both increased dramatically during the late-perimenopausal compared
to the pre and early peri- menopausal stages. SWAN also reported an increase in arterial
stiffness during the perimenopausal stage beyond aging 3%**. Postmenopausal stage

may also be associated with lower brachial artery flow-mediated dilation compared to
premenopausal and perimenopausal women 49. However, this was a cross-sectional study
and findings did not account for differences in age.

SUMMARY AND IMPLICATIONS:

A recent survey by the American Heart Association (AHA) reported that awareness of CVD
as the most common cause of death in women has decreased from 65% in 2009 to 44% in
2019%1, This is disturbing since CVD remains the number one killer in women. Moreover,
since the latest available sex-specific guidelines on CVD prevention were published in
201142, and since abundant research on the relationship between menopause and CVD risk
was published at a later time, there is a need for up-to-date recommendations and guidelines
regarding the MT as a stage of CVD risk acceleration. It is important to note that premature
menopause (menopause before the age of 40 years) has been recognized as an enhancing
CVD risk factor in the most recent ACA/AHA guidelines for managing cholesterol43.

With the increasing life expectancy in the US population, women are predicted to spend a
longer period of their life in the postmenopausal stage. As such, there is an urgent need

to incorporate menopause-related factors and the MT in upcoming new CVD prevention
guidelines specific to women.

Lifestyle and behavioral modifications are the first line targets for primary prevention
against CVD. In 2011, the American Heart Association developed the Life’s Simple 7 score,
which evaluates cardiovascular health based on 7 health behaviors and health factors (body
mass index, smoking, physical activity, diet, blood pressure, total cholesterol and fasting
glucose)®. Despite data from different cohorts showing a reduction in CVD events with
healthier lifestyle and higher Life’s Simple 7 score, only 20% of adult American women
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have an ideal score on >5 cardiovascular health metrics 4. In midlife and postmenopausal
women, a very small proportion of women meet the recommendations for ideal physical
activity and diet status 4°. Research on lifestyle interventions in midlife women who are
experiencing ovarian aging is limited, but promising. One randomized clinical trial of 535
premenopausal women (age at baseline 44-50 years) randomized to a control group or a
behavioral program of low-calorie diet and increased leisure activity showed that after 5
years, the control group had an increase in LDL-C that was not observed in the intervention
group. Intervention group also showed a decrease in triglycerides, blood pressure, glucose
and insulin®, and a decline in cIMT progression in perimenopausal and postmenopausal
women?’. These data strongly call for more efforts to increase women’s awareness of the
critical need of adopting a heart healthy lifestyle at midlife if not even earlier. Focusing

on a healthy lifestyle for preventing CVD is of particular importance, since the exact
relationship between postmenopausal hormone therapy replacement and risk of CVD has not
been established yet, and that the timing of initiating hormone therapy may affect its role in
altering CVD risk?8,

Midlife encompassing the MT is a window of opportunity to increase women awareness
of sex-specific CVD risk factors and the implementation of evidence-based prevention
strategies to improve the cardiovascular health in women, Figure 2. The accumulated data
support incorporating menopause-related factors as important components of CVD risk
assessment in clinical practice of midlife women.

This work was supported by the National Institute on Aging (Grant: AG058690).

Abbreviations:

ApoB Apolipoprotein B

AHA American Heart Association

Cl Confidence Interval

CHD Coronary Heart Disease

CVvD Cardiovascular disease

FMP Final menstrual period

HDL High-density lipoprotein

HDL-C High-density lipoprotein cholesterol
HR Hazard Ratio

LDL-C Large-density lipoprotein cholesterol
MT Menopause transition

RR Relative Risk
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HIGHLIGHTS:
. The menopause transition (MT) is an impactful period for cardiovascular risk
. Lipids, visceral fat, metabolic syndrome risk, and vascular health adversely
change over the MT
. More work is needed to better identify preventive methods to reduce CVD
risk during the MT
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Figure 1: Hypothetical graph of changes in cardiovascular risk factors related to chronological
aging versus ovarian aging over the menopause transition

With chronological aging, changes in CVD risk factors over the menopause transition are
linear. On the other hand, with ovarian aging, inflection points can be identified around the
perimenopausal stage, where the worsening of CVD is steepest during this period.
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Figure 2: Summary of changes in CVD risk factors related to ovarian aging in women

During the menopause transition, women experience changes in CVD risk factors, including

increases in LDL-C and Apo-B, deteriorations in quality of HDL, increased accumulation
of visceral adipose tissue and fat mass, loss of lean mass, increase in blood pressure and

metabolic syndrome, and worsening of subclinical atherosclerosis. This period provides a
“window of opportunity” where targeted prevention could counteract the adverse changes in
CVD risk.
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