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Abstract: Background and objective: Menopause is a significant physiological milestone in
a woman’s life, coinciding with increased cardiovascular disease (CVD) risk due to various
health-related changes. This narrative review focuses on cardiovascular health-related
alterations during menopause and their implications on vascular function. Methods: An
electronic database search was performed, drawing from sources such as PubMed and
Google Scholar. Publications were included if they addressed CVD risk in peri- and post-
menopausal women, and examined the impact of hormonal changes, traditional risk factors
(e.g., hypertension, hyperlipidemia, diabetes), or lifestyle factors (e.g., diet, physical ac-
tivity) on CVD. Results: Estrogen deficiency is pivotal, leading to adverse effects such as
endothelial dysfunction, increased arterial stiffness, and lipid profile deterioration. Charac-
teristics of menopause, including the age at onset, type or stage of menopause, and severity
of symptoms, further modulate CVD risk. Additionally, the impact of traditional risk
factors is amplified during this period. Strategies for the prevention of CVD in menopausal
women are critically assessed, with a focus on lifestyle modifications, dietary interventions,
and physical activity. Conclusions: This narrative review describes the potential benefits
and risks of hormone therapy, alongside lipid-lowering therapies. Emphasis is placed
on individualized risk assessment and management, highlighting the need for regular
cardiovascular screenings and proactive management of risk factors.
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1. Introduction
Although significant progress has been made in the diagnosis, prevention, and treat-

ment of cardiovascular disease (CVD), it remains the leading cause of death globally for
both men and women. However, there are differences between women and men in the pre-
sentation, diagnosis, and treatment of CVD [1–3]. Some CVD prevention guidelines have
taken into account sex-specific conditions. However, although risk factors are considered,
they do not detail the risks of each one and what to do about them. Furthermore, these
guidelines consider women as a special population, so although they are revised almost
annually, they have a significant baseline error [3–5]. This has led to underdiagnosis and
undertreatment of CVD in women. Moreover, one of the key challenges in cardiovascular
prevention for women is the underestimation of risk—by both healthcare providers and
women themselves [6]. In fact, based on the 2012 American Heart Association (AHA)
survey on women’s awareness, knowledge, and perceptions of CVD [7], along with more
recent findings from the Women’s Heart Alliance survey published in 2017, only 56% of
women recognize this fact [8].
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While traditional CVD risk factors predominate in older age (family history, smoking,
hypertension, overweight, dyslipidemia, diabetes), several specific factors may be present
in middle-aged or younger women that should be taken into account when assessing the
CVD risk of women at any age [4]. These risk factors may be related to pregnancy (miscar-
riage, premature delivery, preeclampsia, gestational hypertension, gestational diabetes),
fertility (early menopause, ovarian failure, polycystic ovarian syndrome, hormone therapy
[HT], endometriosis, contraceptives) or other more specific risk factors (breast cancer, au-
toimmune diseases, stress, depression, use and abuse of nonsteroidal anti-inflammatory
drugs) [4]. Gestational diabetes and gestational hypertension are increasingly recognized
as early markers for a higher risk of developing hypertension and type 2 diabetes during
menopause. Women with a history of gestational diabetes and hypertension have a signifi-
cantly elevated risk of developing metabolic syndrome, hypertension, and diabetes in the
postmenopausal years due to the underlying insulin resistance and vascular dysfunction
seen during pregnancy. These conditions act as predictors for long-term cardiovascular
and metabolic health, underscoring the importance of early monitoring and intervention to
reduce future risks [9,10]. On the other hand, factors like age at menarche and breastfeed-
ing could serve as risk indicators for the early identification of women with an increased
likelihood of CVD. Early menarche (at age 11 or younger) is associated with twice the
likelihood of developing obesity-related hypertension in midlife. In addition, women who
breastfed were less likely to be obese later in life than women who did not breastfeed [11].

CVD presents notable differences between women and men in terms of clinical presen-
tation, outcomes, and underlying pathophysiological mechanisms, rendering it more severe
in women [12]. For instance, 64% of women who die suddenly from coronary heart disease
(CHD) had no prior symptoms, compared to 50% of men [13]. Additionally, following a
first myocardial infarction (MI), a higher proportion of women than men die within one
year (23% vs. 18%) and within five years (47% vs. 36%). Women are also more likely to
develop heart failure (22% vs. 16%) or experience a stroke (7% vs. 4%) within five years of
their first MI [12,14].

From the pathophysiological point of view, the incidence of ischemic heart disease in
women is delayed by 10 years in men, and the incidence of MI and sudden death in women
is delayed by 20 years in men [14,15]. This delay in the onset of CVD seems to be due to
the cardioprotective effects of endogenous estrogens [16]. Thus, premenopausal women
generally experience a protective effect against the clinical manifestations of CVD. However,
following menopause, the decline in estrogen levels leads to an increased risk of cardiovas-
cular complications. While premenopausal women have a lower risk of CVD compared
to age-matched men, this risk increases after menopause [15]. According to the landmark
1976 Framingham study, among women aged 40 to 54, those who are postmenopausal
experience a two- to six-fold higher incidence of CVD compared to their premenopausal
counterparts [17]. It is important to keep in mind that estrogen loss can occur at any age in
women, not just in old age, as there may be cases of early menopause, ovarian failure, or
hysterectomy that lower estrogen levels earlier than would occur with natural menopause.
The 2003 Women’s Ischemia Syndrome Evaluation (WISE) study found that young women
with estrogen deficiency face a sevenfold higher risk of coronary artery disease compared
to those without this deficiency [18].

This narrative review aims to synthesize the relationship between menopause and
CVD in women, what characteristics of menopause are responsible for the increased CVD
risk, and what strategies can be used to prevent CVD in menopausal women.
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2. Methods
This review focuses on providing a comprehensive overview rather than a meta-

analytic summary. An electronic database search was performed, drawing from sources
such as PubMed and Google Scholar. Search terms combined Medical Subject Headings
(MeSH) and free-text keywords, such as “menopause”, “cardiovascular disease”, “risk
factors”, “hormonal changes”, and “postmenopausal women”. Publications were included
if they addressed CVD risk in peri- and postmenopausal women, and examined the impact
of hormonal changes, traditional risk factors (e.g., hypertension, hyperlipidemia, diabetes),
or lifestyle factors (e.g., diet, physical activity) on CVD. Articles were excluded if they
focused solely on men or premenopausal women and did not address CVD risk explicitly.

3. Menopause as a Risk Factor for CVD
Menopause is defined as a permanent cessation of menstruation, which is confirmed

retrospectively after 12 consecutive months of amenorrhea without any underlying patho-
logical causes [19]. Menopause occurs as a result of the cessation of estrogen production,
driven by the stimulation of follicle-stimulating hormone (FSH) and luteinizing hormone
(LH) due to ovarian follicular atresia. Studies have reported a decline in estradiol levels
two years prior to the final menstrual period, with an increase in FSH levels observed up to
six years before this time point [20].

The menopausal transition begins 5 to 10 years before the last menstrual period. Based
on the degree of menstrual cycle variability, women can be classified into the early transition
stage (defined by a persistent difference of at least 7 days in consecutive menstrual cycle
lengths) or the late transition stage (characterized by at least one instance of amenorrhea
lasting 60 days or more). Perimenopause refers to the first year following the last menstrual
period. It marks a period of increased variability in the length and consistency of the
menstrual cycle, as well as increased frequency of menopausal symptoms (hot flashes,
night sweats, mood changes, sleep, and cognitive disturbances, as well as genitourinary
and sexual function changes) [21]. During this period, estrogen and progesterone levels
begin to fluctuate. Postmenopause refers to the period following a woman’s last menstrual
period, during which estrogen and FSH levels stabilize [19].

Natural menopause typically occurs around the age of 50 [18]. However, it is classified
as premature if it occurs between the ages of 40 and 45. About 10% of women experience
menopause before the age of 45 [22]. Factors influencing natural menopause timing include
age, race/ethnicity, weight and body mass, physical activity, diet, alcohol consumption,
smoking, reproductive history factors, and genetics [15].

3.1. Cardiovascular Health-Related Changes During Menopause

Throughout the menopausal process, estrogen levels are decreasing, while important
cardiometabolic changes occur that go beyond the woman’s chronological age: increased
levels of total cholesterol, low-density lipoprotein (LDL)-cholesterol, triglycerides and
apolipoprotein B; decreased high-density lipoprotein (HDL)-cholesterol; increased visceral
fat (which doubles or triples during this phase of life); and progression and increased sever-
ity of metabolic syndrome (especially during the late premenopause and perimenopause)
(Table 1) [23,24].

In contrast, menopause, by itself, was not found to be independently associated
with increases in blood pressure, insulin, or glucose levels beyond those attributed to
aging [25,26], and changes in weight and body mass index observed over time in women
do not appear to be related to menopause (both in premenopausal and postmenopausal
women) [27]. That is, changes in weight were more strongly associated with chronological
aging than with reproductive aging. All this means that menopause has been considered
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by the AHA in 2020 as an independent risk factor for CVD and accelerated progression of
atherosclerosis in women [15].

Table 1. Cardiovascular health-related changes that occur with menopause beyond chronological
age [15].

Change in lipids

↑ Total cholesterol
↑ LDL-cholesterol
↑ Apolipoprotein B
↓ HDL-cholesterol

Metabolic changes ↑ Metabolic syndrome

Change in vessels

↑ Carotid atherosclerosis
↑ Carotid adventitial diameter

↑ Carotid intima–media thickness
↑ Arterial stiffness

Body changes
↑ Fat mass
↓ Lean mass

↑ Ectopic fat deposition (especially in heart and liver)
↑: increase; ↓ decrease; HDL: high density lipoprotein; LDL: low density lipoprotein.

Existing studies analyze the differences between premenopausal and postmenopausal
women. One study found that premenopausal women have a statistically lower risk of
CVD compared to postmenopausal women (OR = 0.338, p < 0.001) [28].

While the timing of menopause onset is believed to influence CVD risk, the relationship
may be bidirectional. The Framingham study suggests that higher levels of total cholesterol,
systolic and diastolic blood pressure, and other CVD risk factors before menopause are
linked to earlier menopause, independent of smoking [29]. Similarly, experiencing a first
episode of CVD before the age of 35 has been linked to a doubling of the risk for early
menopause, while a first episode occurring after 35 is associated with menopause at around
age 51 [30]. Thus, poorer premenopausal cardiovascular health may influence the onset of
menopause [30].

3.2. Characteristics of Menopause About the Risk of CVD

Various menopause characteristics have been assessed in relation to CVD risk, in-
cluding the age of onset, type and stage of menopause, endogenous estradiol levels, and
menopause-related symptoms. Several of these factors have been found to be associated
with CVD risk [31]. Figure 1 shows a summary of all of them.

3.2.1. Age of Onset of Menopause

Multiple meta-analyses have found that women with early-onset menopause (before
age 45) face a significant higher risk of both overall and fatal CHD, as well as an increased
risk of heart failure, compared to those experience menopause at age 45 or older [32,33].
Additionally, each year of early menopause is associated with a 3% increase CVD risk [34].

3.2.2. Type or Cause of Menopause

The risk of CHD is higher in women who undergo bilateral salpingo-oophorectomy
(BSO) without estrogen therapy compared to those who experience natural menopause [35].
While there is little to no association between BSO and CVD risk when BSO occurs near the
time of natural menopause, the risk is significantly elevated when BSO occurs at a younger
age (before 40–45 years) [36]. Similarly, the risk of composite CVD in women with BSO
before the age of 40 is comparable to that in women with premature natural menopause
(before 40) [37].
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Figure 1. Menopause and risk of CVD. ↑: increase; CVD: cardiovascular disease.

The highest CVD risk is observed in women with ovarian failure, early menopause
(ages 40–44), and relatively early menopause (ages 45–49) [34]. Women with premature ovar-
ian failure tend to have a shorter life expectancy compared to those with later menopause,
primarily due to an increased risk of CVD and osteoporosis [32,38,39].

3.2.3. Stage of Menopause

A cross-sectional study involving women aged 44 to 56 at various menopausal stages
found that both systolic and diastolic blood pressure were significantly higher only in
the late menopause compared to early menopause [40]. In contrast, the SWAN analysis
reported that levels of total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides,
and lipoprotein(a) peaked during late perimenopause and early postmenopause compared
to the premenopausal phase [41]. Additionally, the SWAN analysis indicated that struc-
tural remodeling of the carotid artery was most pronounced during late perimenopause
compared to both premenopause and early perimenopause [42].

3.2.4. Endogenous Estrogens Levels

The decline in endogenous estradiol levels during menopause has also been linked
to alterations in CVD risk factors. However, the supporting evidence is limited because it
is focused mainly on postmenopausal women [20]. In contrast, studies relating estradiol
levels to subclinical measures of atherosclerosis have been more consistent. Among late
perimenopausal and postmenopausal women, elevated estradiol levels were associated
with smaller carotid inter-adventitial diameter (indicating less carotid remodeling), and
with enhanced flow-mediated dilation of the brachial dilatation (i.e., better endothelial
function) [43].

3.2.5. Vasomotor Symptoms

Menopausal vasomotor symptoms have been associated with unfavorable lipid pro-
file, insulin resistance, and a heightened risk of hypertension [20,21]. A meta-analysis
comparing women with and without menopausal symptoms found that vasomotor and



J. Clin. Med. 2025, 14, 3663 6 of 15

other menopausal symptoms were generally linked to an increased risk of CHD, stroke, or
CVD [44]. Additionally, the SWAN study reported that women experiencing hot flashes ex-
hibited reduced flow-mediated dilation and increased aortic calcification compared to those
without hot flashes, independent of traditional CVD risk factors and estradiol level [45]. In
a further study, women with hot flashes at both baseline and 2-year follow-up had greater
carotid intima–media thickness than those who did not report hot flashes, especially among
overweight or obese women [46]. Some studies have found that CVD risk may depend on
the timing or duration of vasomotor symptoms. Another analysis from the SWAN study
found that women who experienced vasomotor symptoms early in menopause had greater
mean and maximal carotid intima–media thickness compared to those with consistency
low and stable frequencies of these symptoms [47].

3.2.6. Other Symptoms of Menopause

Estrogen and progesterone changes during menopause have unique effects related
to sleep. The overall decline in estrogen can contribute to hot flashes, night sweats, mood
disturbances, and symptoms of anxiety and depression, all of which may result to frequent
nighttime awakenings, disrupted sleep, poor sleep quality, and insomnia. Simultaneously,
the reduction in progesterone (a hormone with natural sedative and calming effects) can
further impair sleep. Additionally, some studies have associated the decline in these
hormones during perimenopause with higher rates of snoring and obstructive sleep ap-
nea [48]. According to several investigations performed in women at different stages of
menopause, significant associations were seen between poorer sleep quality and increased
risk of metabolic syndrome and increased carotid atherosclerosis. These relationships
remained significant even after adjusting for CVD risk factors, hot flashes, and estradiol
levels [49,50]. Moreover, poor sleep quality has been independently linked to a higher risk
of aortic calcification and increased arterial stiffness in perimenopausal women, but not in
those who are premenopausal [51,52].

Depressive symptoms that appear during menopause have also been associated with
an increased risk of CVD. According to the SWAN study performed in healthy women
aged 46–59 years with a follow-up of 5 years, having ≥3 episodes of depression versus
not having them was associated with greater coronary artery calcification [53]. It has also
been shown that in postmenopausal women without a prior history of CVD, depression
independently predicted CVD-related death and all-cause mortality over an average period
of 4.1 years, even after controlling for demographic factors and established CVD risk
factors [54].

In regression analyses examining palpitations, chronic cardiovascular disease, hot
flushes, night sweats, and depressed mood were identified as significant predictors. These
findings suggest a link between physical health (such as pulmonary and CVD), vasomotor
symptoms (hot flushes and night sweats), psychological distress, and lifestyle factors (lack
of physical activity, use of oral contraceptives, alcohol consumption, and smoking) in
experiencing palpitations, particularly during midlife and menopause [55].

3.2.7. Novel Biomarkers for Cardiovascular Risk Prediction in Postmenopausal Women

Recent research has identified several novel biomarkers that may improve cardiovas-
cular risk prediction in postmenopausal women beyond traditional risk factors. Among
these, high-sensitivity C-reactive protein (hs-CRP) and lipoprotein(a) have emerged as
strong indicators of vascular inflammation and genetic predisposition to atherosclerosis,
respectively [56–60]. Additionally, adiponectin, a hormone involved in glucose regulation
and fatty acid oxidation, shows an inverse relationship with CVD risk and may be partic-
ularly relevant in the context of menopause-related metabolic changes [61]. New studies
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have also highlighted the role of microRNAs—small non-coding RNAs involved in gene
regulation—as promising biomarkers that reflect endothelial dysfunction and systemic
inflammation in menopausal women [62].

Emerging research suggests that the gut microbiome’s composition and its metabolites,
such as trimethylamine-N-oxide (TMAO), could offer valuable insights. Studies have
linked dysbiosis and elevated TMAO levels to increased cardiovascular events in various
populations [63].

Furthermore, arterial stiffness measurements using pulse wave velocity and carotid
intima–media thickness have gained traction as non-invasive, predictive imaging mark-
ers [64]. These advancements underscore the importance of a personalized, sex-specific
approach to CVD prevention in menopausal populations and may eventually reshape
clinical risk assessment models.

4. Strategies for the Prevention of CVD During Menopause
To reduce the risk of CVD in menopausal women, several strategies can be followed

that can be complementary to each other.

4.1. Hormone Therapy

The increased risk of CVD after menopause offers an opportunity to extend endoge-
nous estrogen cardioprotection in postmenopausal women, with HT serving as a primary,
sex-specific strategy for preventing CVD and reducing all-cause mortality. That is, re-
ceiving estrogen HT may help restore cardioprotective benefits while treating menopause
symptoms. However, although observational studies of HT after menopause have shown
promising results in reducing CVD risk, larger randomized controlled trials have failed
to demonstrate any benefit in primary or secondary prevention [65]. HT is not approved
by the Food and Drug Administration (FDA) for primary prevention of CVD and is only
indicated for the treatment of menopausal symptoms.

Overall, HT does not appear to have a significant effect on the risk of MI. The continu-
ous combination of estrogens (e.g., estradiol) and progestogens (e.g., norethisterone acetate,
medroxyprogesterone, or norgestrel) appears to increase the risk, whereas transdermal,
vaginal estrogen reduces the risk [66]. The use of conjugated equine estrogens (CEE) com-
bined with medroxyprogesterone acetate (MPA) has also been associated with an elevated
risk of MI and an increase in ischemic heart disease events compared to placebo, although
this effect was not significant over the long term [65,67,68].

It appears that the timing of HT initiation could play an important role in reducing
CVD risk. If it is started at the right time (especially under age 60 and at or near menopause),
HT could reduce death from heart disease and death from any cause [69]. That timing is
critical, as this is when HT protects blood vessels and reduces atherosclerosis. Starting HT
too late can accelerate these complications and increase the risk of CVD. The importance of
the initiation of HT seems to lie in the “healthy endothelium hypothesis” which proposes
that HT has beneficial effects when started early on healthy endothelium, but may have
harmful effects in the presence of established atherosclerotic plaques [70].

Interestingly, while observational studies showed a CVD risk reduction of 30–50%
in women using HT [71,72], randomized studies did not show any benefit from this
therapy. This inconsistency seems to stem from variations in the characteristics of the
female populations studied [73]. While observational studies primarily involved typical
HT users—relatively young women (aged 30–55), within two years of menopause onset,
generally lean, and experiencing symptoms such as hot flashes—randomized controlled
trials included participants who were significantly older (average age over 63 years) and,
on average, more than 10 years postmenopause. However, consistent with findings from
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observational studies, two meta-analyses of randomized controlled trials demonstrated
that HT significantly reduced all-cause mortality by 39% and CHD by 32% when started
in women under 60 years of age and/or within 10 years of menopause. In contrast, no
significant effect on all-cause mortality or CHD was observed when HT was initiated in
women over 60 or more than 10 years postmenopause [74,75].

Compared to other therapies for primary CVD prevention, HT demonstrates an
excellent risk profile, particularly when initiated in women under 60 years of age or within
10 years of menopause. For instance, the risk of breast cancer associated with statin use
is comparable to that of continuous combined CEE+MPA therapy [65]. Moreover, while
statins are linked to an increased risk of new-onset diabetes mellitus, exceeding what is
considered a minimal risk [76], HT has been shown to improve insulin sensitivity, enhance
glucose tolerance, and lower the incidence of new-onset diabetes by 20% to 30% [77]. Recent
findings also suggest a 29% increased risk of gastroesophageal reflux disease associated
with HT use [78]. Nevertheless, HT is contraindicated in certain populations, including
women with a history of thromboembolism, uncontrolled hypertension, or breast or uterine
cancer [79].

Finally, the cardiovascular health effects of discontinuing HT remain unclear, with
studies yielding mixed results. Findings from the Women’s Health Initiative (WHI) indi-
cated that 8.2 years after stopping CEE+MPA therapy and 6.6 years after discontinuing CEE
alone, there were no significant differences in the incidence of CHD, stroke, pulmonary em-
bolism, and all-cause mortality [51]. However, a Finnish study showed a more than 2-fold
increase in the risk of CVD or stroke mortality one year after the end of treatment [80]. It is
important to recognize that the two studies differed in both design and study populations,
and the Finnish study did not specify the reasons for discontinuing HT or whether any risk
factors were present during its use.

Table 2 shows a summary of the pros and cons of HT for CVD prevention in post-
menopausal women.

Table 2. Pros and cons of HT for CVD prevention in postmenopausal women.

Pros of HT Cons of HT

Reduction in menopausal symptoms: HT alleviates common symptoms
such as hot flashes, night sweats, and vaginal dryness.

Increased risk of breast cancer: Long-term use of HT, especially
combined estrogen and progestin, is associated with a higher risk of
breast cancer.

Potential improvement in lipid profiles: HT may lead to improved
cholesterol levels, such as increased HDL-cholesterol and decreased
LDL-cholesterol.

Increased risk of blood clots: HT can raise the risk of deep vein
thrombosis and pulmonary embolism, especially in older women or
those with other risk factors.

Possible reduction in coronary artery disease risk: Early initiation of HT
(around the time of menopause) may reduce the risk of heart disease,
particularly in younger women.

Increased risk of stroke: Some forms of HT, especially oral estrogen,
have been linked to an elevated risk of ischemic stroke.

Bone health benefits: HT helps in maintaining bone density, reducing
the risk of osteoporosis and fractures.

Potential increased risk of cardiovascular events: Evidence suggests HT
may not significantly reduce cardiovascular risk and could even
increase the risk in some women, particularly those who start HT later
after menopause.

Improved endothelial function: HT has been shown to improve
endothelial function, which is important for cardiovascular health.

Mood swings and mental health issues: Some women experience mood
swings, anxiety, or depression as side effects of HT.

Possible protective effect on cognitive function: Early initiation of HT
may help in preserving cognitive function and reduce the risk of
dementia in some women.

Not suitable for all women: HT is contraindicated in women with a
history of certain cancers (e.g., breast or endometrial), liver disease, or
unexplained vaginal bleeding.

HDL: high density lipoprotein; HT: hormone therapy; LDL: low density lipoprotein.

HT in women with pre-existing cardiovascular conditions needs careful consideration.
For women with a history of MI, coronary artery disease, or spontaneous coronary artery
dissection, HT is generally not recommended due to the increased risk of heart events.
In women with heart failure, HT may worsen symptoms due to potential fluid retention.
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HT is also contraindicated in women with a history of deep vein thrombosis, pulmonary
embolism, pulmonary hypertension, or cardiomyopathies, as it can increase the risk of
blood clots or exacerbate heart failure symptoms. For these women, the risks of HT may
outweigh the benefits. Non-hormonal alternatives, such as lifestyle changes, statins, or
selective estrogen receptor modulators (SERMs), are often considered safer for managing
menopausal symptoms and cardiovascular health [67,79,81,82].

4.2. Lifestyle Changes

Achieving ideal cardiovascular health in women with menopause also requires
lifestyle changes. These changes include smoking cessation, exercise, weight loss, blood
pressure and lipid levels control, and following a diet such as the Mediterranean diet or
Dietary Approaches to Stop Hypertension (DASH). Although there is strong evidence to
support these changes to reduce the burden of CVD, there are few studies that have been
performed specifically in menopausal women.

As we stated before, peri- and postmenopausal women are more likely to have more
sleep disturbances than those in premenopause, and women with poor sleep have a higher
CVD risk [49,52]. Although the main recommendation is to obtain more and better sleep,
it can be a difficult task, especially if other symptoms like hot flashes and night sweats
occur at night. However, adopting good sleep hygiene practices may promote better rest.
These include maintaining a consistent sleep schedule, engaging in physical activity during
the day, and incorporating calming activities before bedtime to facilitate falling asleep.
As alternatives, some supplements may be considered. Phytoestrogens (i.e., isoflavone
supplements) appear to reduce the frequencies of hot flushes [83], and saffron extract
could reduce the psychological symptoms of perimenopause [84]. All these can help in
falling asleep.

Several randomized studies and meta-analyses have investigated the potential benefits
of dietary and physical-activity interventions in middle-aged women, including those at
various stages of menopause. Notably, the Women’s Healthy Lifestyle Project (WHLP) was
specifically developed to evaluate the impact of a combined diet and exercise program
in premenopausal women [85]. In this trial, healthy premenopausal women aged 44
to 50 were randomly assigned to either an assessment-only control group or a five-year
cognitive–behavioral intervention that promoted a hypocaloric diet low in saturated fat and
cholesterol, along with moderate increased in leisure-time physical activity. After 54 months,
the intervention proved effective in mitigating the increase in LDL-cholesterol, preventing
weight gain during the transition from premenopause to peri- or postmenopause, and
reducing triglycerides, systolic and diastolic blood pressure, blood glucose levels, and
insulin [85]. Moreover, the Nurses’ Health Study offered compelling evidence supporting
the positive impact of maintaining a healthy lifestyle (encompassing a balanced diet, regular
physical activity, and smoking cessation) on lowering the risk of CHD in women [86].
According to a recent systematic review and meta-analysis, resistance training helps to
reduce total LDL-cholesterol and triglycerides in postmenopausal women [87].

4.3. Lipid-Lowering Therapy in Women

To improve the lipid profile, the first recommendation is to modify lifestyle (weight
loss, exercise, smoking cessation, healthy diet). However, in necessary cases, lipid-lowering
therapy may be required. Most of the studies that have evaluated these therapies have
focused on hydroxymethylglutaryl-CoA (HMG-CoA) reductase inhibitors (i.e., statins).
Although the evidence on the use of statins in women is limited and controversial, the
JUPITER trial examined a cohort of women with baseline LDL-cholesterol levels below
130 mg/dL and hs-CRP levels above 2 mg/dL [88]. The findings showed that rosuvastatin



J. Clin. Med. 2025, 14, 3663 10 of 15

significantly reduced cardiovascular events in women without prior CVD, demonstrating a
relative risk reduction comparable to that observed in men, a result further supported by a
meta-analysis of statin trials focused on primary prevention [88].

While statins remain the primary therapy for lowering LDL-cholesterol, additional or
alternative treatments may be appropriate for optimizing lipid profiles in cases of insuf-
ficient LDL-cholesterol control or statin intolerance. These alternatives include bile acid
sequestrants, cholesterol absorption inhibitors (ezetimibe), and PCSK9 (proprotein conver-
tase subtilisin/kexin type 9) inhibitors [89,90]. A major limitation of these lipid-lowering
therapies is that current CVD prevention guidelines do not offer tailored recommendations
for women, instead categorizing them within broader special population groups [3].

5. Conclusions
CVD risk significantly increases in menopausal women due to hormonal and metabolic

changes. Emphasizing individualized risk assessment and management is crucial, incorpo-
rating regular cardiovascular screenings and proactive management of risk factors such
as hypertension, dyslipidemia, and obesity. Tailored lifestyle interventions and, where
appropriate, therapeutic strategies can mitigate these risks, improving cardiovascular out-
comes for postmenopausal women. Clinicians and researchers must be understanding of
the complex relationship between menopause and cardiovascular health to foster improved
cardiovascular outcomes for menopausal women.
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55. Vorobel’ová, L.; Falbová, D.; Candráková Čerňanová, V. The importance of female reproductive history on self-reported sleep
quality, mood, and urogenital symptoms in midlife. Menopause 2023, 30, 1157–1166. [CrossRef]

56. de Santis, I.P.; Lindenau, J.D.; Ramos, R.B.; Silva, T.R.; Casanova, G.; Oppermann, K.; Spritzer, P.M. C-reactive protein gene rs1205
polymorphism is associated with low-grade chronic inflammation in postmenopausal women. Womens Midlife Health 2020, 6, 3.
[CrossRef]

57. Zhang, W.; Speiser, J.L.; Ye, F.; Tsai, M.Y.; Cainzos-Achirica, M.; Nasir, K.; Herrington, D.M.; Shapiro, M.D. High-sensitivity
c-reactive protein modifies the cardiovascular risk of lipoprotein(a): Multi-ethnic study of atherosclerosis. J. Am. Coll. Cardiol.
2021, 78, 1083–1094. [CrossRef]

58. Lee, H.S.; Lee, J.H. Early elevation of high-sensitivity c-reactive protein as a predictor for cardiovascular disease incidence and
all-cause mortality: A landmark analysis. Sci. Rep. 2023, 13, 14118. [CrossRef]

59. Vinci, P.; Di Girolamo, F.G.; Panizon, E.; Tosoni, L.M.; Cerrato, C.; Pellicori, F.; Altamura, N.; Pirulli, A.; Zaccari, M.; Biasinutto, C.;
et al. Lipoprotein(a) as a risk factor for cardiovascular diseases: Pathophysiology and treatment perspectives. Int. J. Environ. Res.
Public Health 2023, 20, 6721. [CrossRef]

60. Ridker, P.M.; Moorthy, M.V.; Cook, N.R.; Rifai, N.; Lee, I.M.; Buring, J.E. Inflammation, cholesterol, lipoprotein(a), and 30-year
cardiovascular outcomes in women. N. Engl. J. Med. 2024, 391, 2087–2097. [CrossRef]

https://doi.org/10.1186/s12905-015-0219-9
https://doi.org/10.1093/aje/kwp043
https://www.ncbi.nlm.nih.gov/pubmed/19357323
https://doi.org/10.1097/gme.0b013e3182611787
https://doi.org/10.1210/jc.2018-00579
https://doi.org/10.1371/journal.pone.0157417
https://doi.org/10.1161/CIRCULATIONAHA.108.776823
https://doi.org/10.1097/gme.0b013e3181fa27fd
https://doi.org/10.1161/STROKEAHA.115.010600
https://www.ncbi.nlm.nih.gov/pubmed/26578657
https://doi.org/10.1371/journal.pone.0269569
https://doi.org/10.5665/sleep.1874
https://doi.org/10.1093/sleep/zsw052
https://doi.org/10.1016/j.sleep.2012.11.016
https://www.ncbi.nlm.nih.gov/pubmed/23352420
https://doi.org/10.1038/s41598-017-01489-7
https://doi.org/10.1016/j.amjcard.2016.03.035
https://doi.org/10.1001/archinte.164.3.289
https://doi.org/10.1097/GME.0000000000002277
https://doi.org/10.1186/s40695-020-00051-2
https://doi.org/10.1016/j.jacc.2021.07.016
https://doi.org/10.1038/s41598-023-41081-w
https://doi.org/10.3390/ijerph20186721
https://doi.org/10.1056/NEJMoa2405182


J. Clin. Med. 2025, 14, 3663 14 of 15

61. Cybulska, A.M.; Schneider-Matyka, D.; Walaszek, I.; Panczyk, M.; Cwiek, D.; Lubkowska, A.; Grochans, E.; Rachubinska, K.;
Malewicz, K.; Chabowski, M. Predictive biomarkers for cardiometabolic risk in postmenopausal women: Insights into visfatin,
adropin, and adiponectin. Front. Endocrinol. 2025, 16, 1527567. [CrossRef] [PubMed]

62. Chang, Y.J.; Tuz-Zahra, F.; Godbole, S.; Avitia, Y.; Bellettiere, J.; Rock, C.L.; Jankowska, M.M.; Allison, M.A.; Dunstan, D.W.;
Rana, B.; et al. Endothelial-derived cardiovascular disease-related microRNAs elevated with prolonged sitting pattern among
postmenopausal women. Sci. Rep. 2021, 11, 11766. [CrossRef]

63. Huang, Y.; Zhang, H.; Fan, X.; Wang, J.; Yin, Y.; Zhang, Y.; Shi, K.; Yu, F. The role of gut microbiota and trimethylamine n-oxide in
cardiovascular diseases. J. Cardiovasc. Transl. Res. 2023, 16, 581–589. [CrossRef]

64. Pilz, N.; Heinz, V.; Ax, T.; Fesseler, L.; Patzak, A.; Bothe, T.L. Pulse wave velocity: Methodology, clinical applications, and
interplay with heart rate variability. Rev. Cardiovasc. Med. 2024, 25, 266. [CrossRef]

65. Manson, J.E.; Chlebowski, R.T.; Stefanick, M.L.; Aragaki, A.K.; Rossouw, J.E.; Prentice, R.L.; Anderson, G.; Howard, B.V.; Thomson,
C.A.; LaCroix, A.Z.; et al. Menopausal hormone therapy and health outcomes during the intervention and extended poststopping
phases of the women’s health initiative randomized trials. JAMA 2013, 310, 1353–1368. [CrossRef]

66. Lokkegaard, E.; Andreasen, A.H.; Jacobsen, R.K.; Nielsen, L.H.; Agger, C.; Lidegaard, O. Hormone therapy and risk of myocardial
infarction: A national register study. Eur. Heart J. 2008, 29, 2660–2668. [CrossRef]

67. Rossouw, J.E.; Anderson, G.L.; Prentice, R.L.; LaCroix, A.Z.; Kooperberg, C.; Stefanick, M.L.; Jackson, R.D.; Beresford, S.A.;
Howard, B.V.; Johnson, K.C.; et al. Risks and benefits of estrogen plus progestin in healthy postmenopausal women: Principal
results from the women’s health initiative randomized controlled trial. JAMA 2002, 288, 321–333.

68. Manson, J.E.; Hsia, J.; Johnson, K.C.; Rossouw, J.E.; Assaf, A.R.; Lasser, N.L.; Trevisan, M.; Black, H.R.; Heckbert, S.R.; Detrano, R.;
et al. Estrogen plus progestin and the risk of coronary heart disease. N. Engl. J. Med. 2003, 349, 523–534. [CrossRef]

69. Hodis, H.N.; Mack, W.J. Menopausal hormone replacement therapy and reduction of all-cause mortality and cardiovascular
disease: It is about time and timing. Cancer J. 2022, 28, 208–223. [CrossRef]

70. Hodis, H.N.; Mack, W.J.; Lobo, R.A.; Shoupe, D.; Sevanian, A.; Mahrer, P.R.; Selzer, R.H.; Liu, C.R.; Liu, C.H.; Azen, S.P.; et al.
Estrogen in the prevention of atherosclerosis. A randomized, double-blind, placebo-controlled trial. Ann. Intern. Med. 2001, 135,
939–953. [CrossRef]

71. Grodstein, F.; Stampfer, M. The epidemiology of coronary heart disease and estrogen replacement in postmenopausal women.
Prog. Cardiovasc. Dis. 1995, 38, 199–210. [CrossRef] [PubMed]

72. Grodstein, F.; Stampfer, M.J. Estrogen for women at varying risk of coronary disease. Maturitas 1998, 30, 19–26. [CrossRef]
[PubMed]

73. Hodis, H.N.; Mack, W.J. Randomized controlled trials and the effects of postmenopausal hormone therapy on cardiovascular
disease: Facts, hypotheses and clinical perspective. In Treatment of the Postmenopausal Woman; Lobo, R.A., Ed.; Elsevier Academic
Press: Philadelphia, PA, USA, 2007; pp. 529–564.

74. Salpeter, S.R.; Walsh, J.M.E.; Greyber, E.; Ormiston, T.M.; Salpeter, E.E. Mortality associated with hormone replacement therapy in
younger and older women: A meta-analysis. J. Gen. Intern. Med. 2004, 19, 791–804. [CrossRef] [PubMed]

75. Salpeter, S.R.; Walsh, J.M.E.; Greyber, E.; Salpeter, E.E. Brief report: Coronary heart disease events associated with hormone
therapy in younger and older women. A meta-analysis. J. Gen. Intern. Med. 2006, 21, 363–366. [CrossRef]

76. Culver, A.L.; Ockene, I.S.; Balasubramanian, R.; Olendzki, B.C.; Sepavich, D.M.; Wactawski-Wende, J.; Manson, J.E.; Qiao, Y.; Liu,
S.; Merriam, P.A.; et al. Statin use and risk of diabetes mellitus in postmenopausal women in the women’s health initiative. Arch.
Intern. Med. 2012, 172, 144–152. [CrossRef]

77. Salpeter, S.R.; Walsh, J.M.E.; Ormiston, T.M.; Greyber, E.; Buckley, N.S.; Salpeter, E.E. Meta-analysis: Effect of hormone-
replacement therapy on components of the metabolic syndrome in postmenopausal women. Diabetes Obes. Metab. 2006, 8,
538–554. [CrossRef]

78. Aldhaleei, W.A.; Bhagavathula, A.S.; Wallace, M.B.; DeVault, K.R.; Faubion, S.S. The association between menopausal hormone
therapy and gastroesophageal reflux disease: A systematic review and meta-analysis. Menopause 2023, 30, 867–872. [CrossRef]

79. Harper-Harrison, G.; Carlson, K.; Shanahan, M.M. Hormone Replacement Therapy. In StatPearls; StatPearls Publishing: Treasure
Island, FL, USA, 2025.

80. Mikkola, T.S.; Tuomikoski, P.; Lyytinen, H.; Korhonen, P.; Hoti, F.; Vattulainen, P.; Gissler, M.; Ylikorkala, O. Increased cardiovas-
cular mortality risk in women discontinuing postmenopausal hormone therapy. J. Clin. Endocrinol. Metab. 2015, 100, 4588–4594.
[CrossRef]

81. Cho, L.; Kaunitz, A.M.; Faubion, S.S.; Hayes, S.N.; Lau, E.S.; Pristera, N.; Scott, N.; Shifren, J.L.; Shufelt, C.L.; Stuenkel, C.A.; et al.
Rethinking menopausal hormone therapy: For whom, what, when, and how long? Circulation 2023, 147, 597–610. [CrossRef]

82. British Menopause Society. Management of Menopause for Women with Cardiovascular Disease. Available online:
https://thebms.org.uk/wp-content/uploads/2024/12/22-BMS-TfC-Management-of-menopause-for-women-with-CVD-
DEC2024-A.pdf (accessed on 13 May 2025).

https://doi.org/10.3389/fendo.2025.1527567
https://www.ncbi.nlm.nih.gov/pubmed/39991740
https://doi.org/10.1038/s41598-021-90154-1
https://doi.org/10.1007/s12265-022-10330-0
https://doi.org/10.31083/j.rcm2507266
https://doi.org/10.1001/jama.2013.278040
https://doi.org/10.1093/eurheartj/ehn408
https://doi.org/10.1056/NEJMoa030808
https://doi.org/10.1097/PPO.0000000000000591
https://doi.org/10.7326/0003-4819-135-11-200112040-00005
https://doi.org/10.1016/S0033-0620(95)80012-3
https://www.ncbi.nlm.nih.gov/pubmed/7494882
https://doi.org/10.1016/S0378-5122(98)00055-3
https://www.ncbi.nlm.nih.gov/pubmed/9819779
https://doi.org/10.1111/j.1525-1497.2004.30281.x
https://www.ncbi.nlm.nih.gov/pubmed/15209595
https://doi.org/10.1111/j.1525-1497.2006.00389.x
https://doi.org/10.1001/archinternmed.2011.625
https://doi.org/10.1111/j.1463-1326.2005.00545.x
https://doi.org/10.1097/GME.0000000000002214
https://doi.org/10.1210/jc.2015-1864
https://doi.org/10.1161/CIRCULATIONAHA.122.061559
https://thebms.org.uk/wp-content/uploads/2024/12/22-BMS-TfC-Management-of-menopause-for-women-with-CVD-DEC2024-A.pdf
https://thebms.org.uk/wp-content/uploads/2024/12/22-BMS-TfC-Management-of-menopause-for-women-with-CVD-DEC2024-A.pdf


J. Clin. Med. 2025, 14, 3663 15 of 15

83. Chen, M.N.; Lin, C.C.; Liu, C.F. Efficacy of phytoestrogens for menopausal symptoms: A meta-analysis and systematic review.
Climacteric 2015, 18, 260–269. [CrossRef]

84. Lopresti, A.L.; Smith, S.J. The effects of a saffron extract (affron®) on menopausal symptoms in women during perimenopause: A
randomised, double-blind, placebo-controlled study. J. Menopausal. Med. 2021, 27, 66–78. [CrossRef] [PubMed]

85. Kuller, L.H.; Simkin-Silverman, L.R.; Wing, R.R.; Meilahn, E.N.; Ives, D.G. Women’s healthy lifestyle project: A randomized
clinical trial: Results at 54 months. Circulation 2001, 103, 32–37. [CrossRef] [PubMed]

86. Stampfer, M.J.; Hu, F.B.; Manson, J.E.; Rimm, E.B.; Willett, W.C. Primary prevention of coronary heart disease in women through
diet and lifestyle. N. Engl. J. Med. 2000, 343, 16–22. [CrossRef]

87. He, M.; Hu, S.; Wang, J.; Wang, J.; Gaman, M.A.; Hariri, Z.; Tian, Y. Effect of resistance training on lipid profile in postmenopausal
women: A systematic review and meta-analysis of randomized controlled trials. Eur. J. Obstet. Gynecol. Reprod. Biol. 2023, 288,
18–28. [CrossRef]

88. Mora, S.; Glynn, R.J.; Hsia, J.; MacFadyen, J.G.; Genest, J.; Ridker, P.M. Statins for the primary prevention of cardiovascular events
in women with elevated high-sensitivity c-reactive protein or dyslipidemia: Results from the justification for the use of statins in
prevention: An intervention trial evaluating rosuvastatin (JUPITER) and meta-analysis of women from primary prevention trials.
Circulation 2010, 121, 1069–1077.

89. Bennett, S.; Sager, P.; Lipka, L.; Melani, L.; Suresh, R.; Veltri, E.; Ezetimibe Study Group. Consistency in efficacy and safety of
ezetimibe coadministered with statins for treatment of hypercholesterolemia in women and men. J. Womens Health 2004, 13,
1101–1107. [CrossRef]

90. Jeenduang, N. Circulating PCSK9 concentrations are increased in postmenopausal women with the metabolic syndrome. Clin.
Chim. Acta 2019, 494, 151–156. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3109/13697137.2014.966241
https://doi.org/10.6118/jmm.21002
https://www.ncbi.nlm.nih.gov/pubmed/34463070
https://doi.org/10.1161/01.CIR.103.1.32
https://www.ncbi.nlm.nih.gov/pubmed/11136682
https://doi.org/10.1056/NEJM200007063430103
https://doi.org/10.1016/j.ejogrb.2023.06.023
https://doi.org/10.1089/jwh.2004.13.1101
https://doi.org/10.1016/j.cca.2019.04.067

	Introduction 
	Methods 
	Menopause as a Risk Factor for CVD 
	Cardiovascular Health-Related Changes During Menopause 
	Characteristics of Menopause About the Risk of CVD 
	Age of Onset of Menopause 
	Type or Cause of Menopause 
	Stage of Menopause 
	Endogenous Estrogens Levels 
	Vasomotor Symptoms 
	Other Symptoms of Menopause 
	Novel Biomarkers for Cardiovascular Risk Prediction in Postmenopausal Women 


	Strategies for the Prevention of CVD During Menopause 
	Hormone Therapy 
	Lifestyle Changes 
	Lipid-Lowering Therapy in Women 

	Conclusions 
	References

