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Cardiovascular disease is the primary cause of mortality in women and men with diabetes. Due to age and worsening of risk factors
over the menopausal transition, risk of coronary heart disease events increases in postmenopausal women with diabetes. Random-
ized studies have conflicted regarding the beneficial impact of estrogen therapy upon intermediate cardiovascular disease markers
and events. Therefore, estrogen therapy is not currently recommended for indications other than symptom management. However,
for women at low risk of adverse events, estrogen therapy can be used to minimize menopausal symptoms. The risk of adverse
events can be estimated using risk engines for the calculation of cardiovascular risk and breast cancer risk in conjunction with
screening tools such as mammography. Use of estrogen therapy, statins, and anti-platelet agents can be guided by such calculators
particularly for younger women with diabetes. Risk management remains focused upon lifestyle behaviors and achieving optimal
levels of cardiovascular risk factors, including lipids, glucose, and blood pressure. Use of pharmacologic therapies to address these
risk factors, particularly specific hypoglycemic agents, may provide some additional benefit for risk prevention. The minimal bene-

fit for women with limited life expectancy and risk of complications with intensive therapy should also be considered.
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INTRODUCTION

The menopausal transition and postmenopause represent pe-
riods of increased cardiovascular disease (CVD) risk for wom-
en. This increased risk is partially explained by advancing age:
levels of blood pressure and glucose as well as non-traditional
risk factors rise linearly with age during the menopausal tran-
sition [1]. Increased risk may also be partially attributed to the
hormonal changes of the transition: low-density lipoprotein
cholesterol (LDL-C) levels rise precipitously in the year before
and the year after the final menstrual period (FMP) [1]. How-
ever, estrogen-based therapies do not appear to minimize
CVD events during this window, and data for intermediate
outcomes is mixed [2,3]. These data suggest that estrogen-
based therapies can be used cautiously to relieve menopausal
symptoms, but likely have minimal benefits for chronic disease

prevention [4]. Thus, for women with diabetes, careful moni-
toring and treatment of blood pressure, lipids, and glucose in
the peri- and postmenopause remain the mainstay of risk re-
duction for CVD morbidity and mortality.

In this review, I describe changes in CVD risk factors that
occur during the menopausal transition, followed by data on
the prevalence of CVD in relation to menopause. Next, I re-
view briefly the studies examining the impact of estrogen ther-
apy upon CVD outcomes and intermediate markers of athero-
sclerosis including coronary artery calcification (CAC) and ca-
rotid intima media thickness (cIMT). I discuss the use of risk
engines that can be used to inform decisions regarding estro-
gen in newly postmenopausal women with diabetes; such risk
engines focus upon risk of breast cancer as well as CVD out-
comes. Finally, I summarize briefly the recommendations for
risk factor targets and specific pharmacologic agents recom-
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mended for persons with diabetes.

THE MENOPAUSAL TRANSITION, CVD RISK
FACTORS, AND CVD RISK

Age at natural menopause, used interchangeably with age at
the FMP, is defined as the cessation of menstruation among
women who have not undergone hysterectomy or bilateral oo-
phorectomy. Among Korean women, the age at the FMP has
increased steadily over the last half-century [5], likely fueled by
improvements in standard of living as well as life expectancy.
Of the 12,761 participants who experienced natural meno-
pause in the Korea National Health and Nutrition Examina-
tion Survey (KNHANES), the age at FMP advanced in young-
er cohorts [5]. Among women born prior to 1930, the age at
the FMP was 47.9 years, whereas in women born between 1945
and 1949, the age at FMP was 50.5 years [5]. The term “peri-
menopause” is often loosely applied to the several years flank-
ing the FMP, but technically is defined by menstrual irregulari-
ty according to the international Stages of Reproductive Aging
Workshop (STRAW) consortium [6]. According to STRAW
criteria, women begin perimenopause when their menses vary
by 27 days between consecutive cycles [6]. Women are then
classified as postmenopausal when a year has passed without a
menstrual period [6].

These alterations in menses are accompanied by alterations

Visceral adiposity
and adipokines

— Increased isulin resistance
— Dyslipidemia

— Increased inflammation

Depression

dmj

across multiple organ systems that contribute to increase risk
of CVD (Fig. 1). While the menopausal transition itself is not
associated with weight gain [7], women have redistribution of
body fat resulting in a relative increase in visceral adiposity [8],
in turn leading to unfavorable adipokine profiles [9], and sub-
sequent insulin resistance and dyslipidemia [10]. Changes in
sex hormone profiles contribute to activation of the renin-an-
giotensin system and abnormal endothelial factors, resulting in
altered vascular reactivity and endothelial dysfunction [11,12].
Although not experienced by all women who transition through
menopause, the increased risk of depression observed during
this time [13], and sleep disturbances from vasomotor symp-
toms [14] may interfere with healthy lifestyle behaviors that
mitigate CVD risk factors. The Study of Women's Health Across
the Nation (SWAN), a longitudinal multicenter cohort of
women in the United States, has assessed serial CVD risk fac-
tors, sex steroid levels, and symptoms as women transition
through menopause [15]. Total cholesterol, LDL-C, and apoli-
poprotein B substantially increased during the time period be-
ginning 1 year prior to the FMP and ending 1 year after the
EMP [15]. This suggests that the changes in sex steroid levels
that occur during the year prior to and after the FMP, particu-
larly declines in estradiol [16], may negatively impact lipid lev-
els. In contrast, blood pressure and glucose levels, as well as
non-traditional risk factors such as inflammatory markers, in-
creased in a linear manner around the FMP, suggesting that
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Fig. 1. Menopausal- and age-related changes in visceral adiposity and endothelial dysfunction, along with increased risk of de-
pression, vasomotor symptoms and sleep disturbances, increase risk of coronary heart disease and stroke in midlife women.
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chronologic aging explained these worsening risk factors dur-
ing mid-life [15]. Few studies have examined how CVD risk
profiles change specifically women with diabetes during the
menopausal transition; one study of hospitalized women with
diabetes suggested that postmenopausal status was associated
with poorer CVD risk factors and greater CVD risk compared
to premenopausal status, although it was unclear whether this
effect was independent of chronologic age and acute illness
[17].

Such increases in risk factor levels are likely harmful even
below cutpoints used to define diabetes, hypertension, and
dyslipidemia. The Emerging Risk Factors Collaboration com-
bined data from 102 prospective studies that collectively en-
rolled persons across over 30 countries (including China and
Japan, but not Korea) and noted that levels of fasting plasma
glucose above 100 mg/dL were linearly associated with coro-
nary heart disease (CHD) risk [18], even among persons with-
out diabetes. Along similar lines, analyses using data from the
United Kingdom Diabetes Prevention Study (UKPDS) noted
increased risk of myocardial infarction at each level of blood
pressure [19] and LDL-C [20] among persons with diabetes,
without evidence for a threshold effect. Such perimenopausal
changes likely exacerbate the already elevated risk of athero-
sclerotic events in women with diabetes. Among women with
diabetes, the prevalence of known CHD under the age of 45
years is less than 5% for both men and women, but prevalence
rises rapidly and linearly after the age of 45 years [21]. Depend-
ing upon how CHD is ascertained, the ratio of CHD in persons
with diabetes to those without diabetes varies slightly: in the
U.S. National Health and Nutrition Examination Survey
(NHANES), the prevalence of CHD among persons with dia-
betes was 29.7% compared to 9.4% among persons without di-
abetes [21].

TRIALS OF ESTROGEN THERAPY

The use of estrogen supplementation for women in perimeno-
pause and postmenopause has undergone its own transition.
Once widely used for chronic disease prevention, estrogen
therapy is currently used for relief of vasomotor symptoms
and/or symptoms due to vaginal atrophy [22]. The Womens
Health Initiative (WHI) was a large United States randomized
trial of estrogen therapy (with and without progestin) among
women who averaged approximately 63 years of age at ran-
domization. Women who had undergone a hysterectomy were
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assigned to conjugated equine estrogen alone (n=5,310) versus
placebo (1=5,429), whereas women with an intact uterus were
assigned to conjugated equine estrogen plus medroxyproges-
terone (1n=8,506) versus placebo (1n=8,102) [23]. Neither es-
trogen therapy alone nor estrogen plus progestin therapy ap-
peared to decrease the risk of CHD events and risk of stroke
was increased [23]. After the study results were released in
2001, prescription of estrogen-based therapies declined to less
than 10% in the United States [24]. More recent studies have
examined whether estrogen use might be of greater benefit
when examined over a longer time period. A 2017 systematic
review examined long term risks associated with estrogen
therapy, including follow-up from the WHI; due to the size of
WHI, the results were heavily weighted by participants in this
trial [25]. Although risk of myocardial infarction gradually de-
clined over time, risk of stroke remained elevated over a de-
cade after randomization [25]. WHI study results were similar
among the subgroup of women with diabetes [23], and oral es-
trogen was actually associated with slightly lower risk of diabe-
tes in the WHI [26]. Of note, estrogen therapy is contraindi-
cated among women with known CVD and may be particular-
ly risky among women with diabetes: randomization to estro-
gen use in women with abnormal glucose tolerance and angio-
graphic CHD exacerbated inflammatory risk profiles and ath-
erosclerotic progression [27], and estrogen use was associated
with greater risk of myocardial infarction among women with
diabetes and CHD [28].

The timing hypothesis states that estrogen therapy may pre-
vent plaque formation without helping plaque regression [29].
Consequently, this hypothesis implies that initiation of estro-
gen therapy in the perimenopause or early postmenopausal
period may lead to CVD benefit. Subanalysis of WHI partici-
pants <60 years of age, and among participants randomized to
estrogen without progestin, suggested that this selected popu-
lation may have derived a CHD benefit from estrogen use [30].
However, this subanalysis was not statistically powered to de-
tect a benefit [30]. Of note, subanalysis of WHI participants
<60 years of age who were randomized to estrogen and pro-
gestin did not suggest any such benefit [30].

Several other studies have examined the impact of estradiol
or conjugated estrogen upon intermediate atherosclerotic
markers such as CAC and cIMT in newly postmenopausal
women [31]. The Kronos Early Estrogen Prevention Study
(KEEPS) did not find different levels of CAC or cIMT in the
estrogen-based therapy groups [31], and the Early Versus Late
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Intervention Trial with Estradiol (ELITE) also did not find that
randomization or oral estradiol had any impact on CAC [3].
Although cIMT progression was slower in the estradiol group,
the clinical significance of this was unclear as events were too
few to detect differences between randomization arms [3]. A
Danish study examined the impact of randomization to estra-
diol therapy vs. no therapy and found a lower risk of a compos-
ite outcome of death, hospital admission for heart failure, and
myocardial infarction [32]. However, this trial has been criti-
cized for lack of a placebo as well as use of an outcome that was
not pre-specified [32].

In summary, estradiol supplementation does not appear to
offer consistent benefit for prevention of CVD events in young-
er or older populations. However, in younger perimenopausal
and postmenopausal women with vasomotor symptoms, such
therapies do not appear to adversely increase risk of CVD and
overall mortality. Thus, estradiol, particularly transdermal for-
mulations, could be considered for treatment of symptoms in-
cluding vasomotor symptoms and vaginal atrophy. Women
with diabetes may be particularly vulnerable to experiencing
such symptoms, since overweight and obese women are more
likely to suffer than women who are not overweight [33].

RISK CALCULATORS FOR CVD AND BREAST
CANCER

Perimenopausal and newly postmenopausal women with dia-
betes and symptoms of menopause are at high risk for adverse
events with estrogen therapy if they have a history of known
CVD, thromboembolic events, active liver disease, or estro-
gen-sensitive malignancy including breast cancer. Therefore,
alternate therapies to estrogen are recommended for relief of
menopausal symptoms for women with these conditions [4].
Such alternate approaches include behavioral modifications,
gabapentin, selective serotonin or norepinephrine reuptake
agents, and are reviewed in greater detail in other reviews [4].
In women without contraindications to estrogen therapy,
risk calculators can be used to guide decision-making. Multi-
ple CVD risk calculators or engines have been derived from
large cohorts of persons with decades of follow-up, including
the Korean Risk Prediction Model (KRPM) which was devel-
oped in the Korean Heart Study population [34]. Several other
risk calculators are available at no-cost online, including the
UKPDS engine [35]; the Pooled Cohort Equations risk engine
[36]; and the Prediction for ASCVD Risk in China (China-
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PAR) risk engine [37]. To our knowledge, the accuracy of these
calculators has not been compared for Korean women with di-
abetes specifically, and thus each calculator has hypothetical
benefits and limitations for estimation of risk in Korean peri-
menopausal or newly menopausal women with diabetes. The
UKPDS calculator has the largest number of persons with type
2 diabetes mellitus [35]; the Pooled Cohort Equations risk cal-
culator was pooled from multiple cohorts [36]; the China-PAR
calculator was validated in East Asian populations [37]; and
the KRPM calculator has been validated in other Korean pop-
ulations [38]. Despite variations in the weighting of particular
factors, the classification of persons at medium versus high risk
is fairly consistent across calculators. Women with high risk of
CVD events due to suboptimal levels of risk factors, family his-
tory, or age should not receive estrogen therapy. Usually, this
includes women with diabetes who are older than 60 years of
age, more than 10 years from their last menses, and have ab-
normal CVD risk factor levels [39].

Similarly, risk engines that incorporate women’s reproduc-
tive histories and family histories of malignancy are available
to calculate women's risk of breast cancer. Women with signifi-
cantly elevated risk of breast cancer due to unfavorable family
or reproductive histories should not receive estrogen therapy.
The strengths and limitations of these breast cancer risk mod-
els vis-a-vis Korean women were recently summarized in 2020
[40]. To varying degrees, these engines incorporate chronolog-
ic age, family history of breast cancer, age at menarche and
menopause, pregnancies and abortions, breast feeding practic-
es, breast biopsy history and histology, use of oral contracep-
tives, and physical activity levels. The most extensively validat-
ed model for breast cancer prediction was originally developed
by Gail and a modified version, the Breast Cancer Risk Assess-
ment Tool (BRCAT) is available on-line [41]. However, dis-
criminatory accuracy in Korean women has been limited, with
one report noting an area under the curve (AUC) of 0.546
(95% confidence interval, 0.500 to 0.594) [42]; AUC of 0.5 sug-
gests that the test cannot discriminate between persons with
and without the condition, whereas AUC >0.7 is generally
considered useful for risk prediction. Of note, modifications of
this model based upon Korean populations of women [43] also
had suboptimal AUC [42], suggesting that historical data is
limited for prediction of breast cancer generally. Thus, women
considering estrogen therapy should also be willing to engage
in mammographic imaging and routine follow-up.

If women with diabetes are determined to be at low risk for
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CVD or malignancy using these calculators, and if women are
interested in the limited use of estrogen therapy for relief of
symptoms, transdermal or oral estradiol therapy can be initiat-
ed. Transdermal estradiol is generally preferred, since oral es-
tradiol may adversely affect inflammation and coagulation pro-
files [44] and thromboembolic risk to a greater extent than
transdermal estradiol [22]. If oral estradiol is initiated, 10-year
CVD risk should be low; and oral estradiol should be avoided in
women at moderate or high risk. In general, the lowest dose for
relief of symptoms should be given, along with progesterone to
reduce the risk of uterine cancer in women who have a uterus.

HEATLHY LIFESTYLE BEHAVIORS

In both women and men with diabetes, promotion of healthy
lifestyle behaviors is the core of management of diabetes com-
plications. These recommendations are outlined in the Table 1.
The epidemiologic evidence for the benefits of healthy lifestyle
behaviors is extensive. However, the impact of such behaviors
in well-controlled randomized trials is limited, in part due to
the strong epidemiologic evidence as well as the difficulty in
achieving and maintaining such behavior changes over the

length of time needed to affect chronic disease incidence. Cig-
arette use among women with diabetes markedly increases risk
of CHD events, while cigarette cessation decreases risk of
CHD events [45,46]. Restrictions in sodium intake (<2,300
and <1,500 mg/day in persons with hypertension), increasing
fruit and vegetable intake, and avoiding excessive alcohol con-
sumption are all associated with reduced CVD risk [47]. Other
observational studies among persons with diabetes note the
protective effects of greater levels of physical activity upon
CVD events [48] as well as total and CVD mortality [49].
Evidence from randomized trials is less conclusive regarding
the beneficial effects of physical activity and weight loss among
persons with diabetes [50]. The Action for Health in Diabetes
(also called Look AHEAD) trial randomized men and women
with diabetes to intensive lifestyle intervention to reduce car-
diovascular morbidity and mortality [50]. If weight loss goals
were not achieved within 6 months, orlistat or more intensive
weight loss strategies were initiated. Such weight loss goals
were achieved by increasing physical activity and incorpora-
tion of a low-calorie diet with <30% of calories from fat. No
reductions in CVD morbidity and mortality were observed by
randomization arm [50]. In addition to difficulty of maintain-

Table 1. Recommendations for reducing cardiovascular risk in peri- and newly postmenopausal women with diabetes

Lifestyle behaviors

Additional considerations

Smoking cessation

Weight reduction

Physical activity at least 30 minutes a day

Restrict sodium intake <2,300 mg/day

Fruit and vegetable consumption of 10 servings/day
Alcohol consumption <1 serving per day

Glycemia

Alc <7%, with lower targets if tolerated for microvascular disease

Consider SGLT-2 inhibitor or GLP-1 receptor agonist for women with

CVD

Blood pressure

Limited data from randomized studies
Limited data from randomized studies
Limited data from randomized studies
<1,500 mg/day if hypertension

Limited data from randomized studies
Limited data from randomized studies

Higher Alc if limited life expectancy or morbidity from therapy

Higher BP if limited life expectancy or morbidity from therapy

Blood pressure <140/90 mm Hg, with lower SBP and DBP if tolerated Contraindicated in pregnancy

Consider ACE inhibitor or angiotensin receptor blocker
Cholesterol

Statin use for women with CVD
Anti-platelet therapy

Aspirin use for women with CVD

No or moderate statin if low CVD risk
Contraindicated in pregnancy

No use if low CVD risk

Clopidogrel if aspirin allergy

SGLT-2, sodium glucose co-transporter 2; GLP-1, glucagon-like peptide 1; CVD, cardiovascular disease; SBP, systolic blood pressure; DBP, dia-
stolic blood pressure; ACE, angiotensin converting enzyme; BP, blood pressure.
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ing a relatively large amount of weight loss over an extended
period of time, explanations for the lack of significance have
included gradual loss of weight in placebo arm, along with the
generally good control of risk factors and low risk of CVD
events compared to non-randomized populations. However,
due to concomitant improvements in hemoglobin Alc, blood
pressure, functioning and quality of life, weight loss remains
strongly recommended for persons with diabetes.

ANTIPLATELET AND STATIN THERAPY

Aspirin is recommended for all women with diabetes who
have known CVD [51]. Perimenopausal women with diabetes
and without known CVD still have elevated CVD risk com-
pared to women without diabetes [21]. However, for these
women, the risk of gastrointestinal bleeding may be higher
than CVD risk particularly among younger patients. Thus, the
use of the CVD risk calculators mentioned in the previous sec-
tion can be applied to determine whether the risk of CVD
might outweigh risk of gastrointestinal bleeding. In general, for
women with diabetes who are less than 50 years of age, the risk
of a CVD event is lower than the risk of gastrointestinal bleed-
ing, and the benefits of aspirin for reduction of CVD may be
less for women than for men [52]. Conversely, aspirin is rec-
ommended for women aged =50 years with diabetes and at
least one additional major risk factor (family history of prema-
ture ASCVD, hypertension, dyslipidemia, smoking, or chronic
kidney disease/albuminuria) who are not at increased risk of
bleeding (e.g., older age, anemia, renal disease). Aspirin thera-
py for primary prevention may be considered in the context of
shared decision-making, which carefully weighs the cardiovas-
cular benefits with the fairly comparable increase in risk of
bleeding [51].

Lipid disorders are common among midlife persons with di-
abetes, and use of statins is recommended for all women with
diabetes and known CVD [51]. As statins have benefits for
CVD risk prevention aside from lipid levels, statin use should
be considered for all women with diabetes. However, for peri-
menopausal women with diabetes and without known CVD,
and for women with type 1 diabetes mellitus, the benefits of
statin therapy are less established than for older women with
type 2 diabetes mellitus. If younger women have CVD risk lev-
els less than 5% using the aforementioned risk calculators, and
women are already engaged in intensive management of other
risk factors including lifestyle modification, glycemia, and
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blood pressure, addition of a statin could potentially be de-
ferred until increases in risk occur [51].

GLYCEMIC CONTROL

For persons with diabetes generally, hemoglobin Alc <7% tar-
gets are recommended with more intensive targets for specific
populations, such as pregnant women [51]. Randomized trials
have not found significant macrovascular benefit for persons
randomized to intensive reductions in glycemia [53]. In a 2013
meta-analysis of such trials, including 18,717 participants ran-
domized to intensive glycemic control versus 16,195 partici-
pants to conventional control, reductions in risk for microvas-
cular disease were observed but not in CVD events or mortali-
ty [53]. Thus, tight control of Alc to levels <7% can be at-
tempted to reduce microvascular disease. For women in whom
reduction of CVD risk is secondary to other considerations in-
cluding limited life expectancy or comorbidity from intensive
glycemic therapy, Alc targets can be adjusted upwards [54].
The use of specific hypoglycemic medications may have bene-
ficial effects for CVD risk reduction, apart from degree of gly-
cemia. Although detailed review of the pros and cons of each
of these therapies is beyond the scope of this article focusing
upon the menopausal transition, I mention briefly that the so-
dium glucose co-transporter 2 (SGLT-2) inhibitors and the
glucagon-like peptide 1 (GLP-1) receptor agonists have been
associated with reduced risk of CVD events among persons
with diabetes, particularly for persons with a history of CVD
[55].

BLOOD PRESSURE

The optimal blood pressure targets for persons with diabetes
vary depending upon comorbidity burden and CVD risk. For
persons with diabetes generally, a blood pressure of <140/90
mm Hg is associated with reduction of CVD risk as well as
mortality [56]. Lower blood pressures were actually associated
with higher CVD risk in a meta-analysis of 49 trials including
73,738 participants with diabetes [56], while other meta-analy-
ses suggest that more intensive lowering to targets <130 mm
Hg is associated with lower CVD risk [57]. Benefit is primarily
due to reduced risk of stroke rather than overall CVD events or
death. Perimenopausal and newly postmenopausal women are
younger than the overall population of persons with diabetes
and hypertension. These younger women may be able to toler-
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ate blood pressure reductions of <130 mm Hg better than old-
er populations who tend to have significantly wider pulse pres-
sures and have higher risk of adverse reactions to medications.
Currently, a goal of at least 140/90 mm Hg is reccommended by
most organizations, with more intensive targets as can be toler-
ated [51]. Use of an angiotensin converting enzyme (ACE) in-
hibitor protects against nephropathy and may be protective
from CVD among patients with diabetes as well [58], so ACE-
inhibitors can be useful as first-line therapy in persons with di-
abetes. If ACE-inhibition cannot be tolerated, the majority of
benefit of blood pressure lowering is not agent specific [59].
For these women, use of angiotensin receptor blockers, diuret-
ics, or calcium channel blockers can be used instead.

CONCLUSIONS

The menopausal transition is a period of increased risk of ath-
erosclerotic complications for women with diabetes, as well as
increased risk for vasomotor symptoms and vaginal atrophy.
Risk reduction for both CVD and menopausal symptoms can
be achieved through healthy lifestyle behaviors, particularly
weight reduction. Estradiol therapy for symptom relief can be
guided by risk calculators for CVD and breast cancer as well as
mammography. Although randomized studies have not found
that lowering of blood pressure <140/90 mm Hg or Alc <7%
lowers overall CVD risk, benefits may exist for other outcomes
(stroke and microvascular disease, respectively). Thus, peri-
menopausal and newly postmenopausal women who can tol-
erate risk factor lowering may benefit from aggressive risk fac-
tor lowering, but if this is limited by low life expectancy or co-
morbidity, higher targets are acceptable. Similarly, individual-
ized decision-making should be used to guide use of anti-
platelet agents and statins, which may be of less benefit in
younger populations, particularly women beginning their
menopausal transition.
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