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AbsTRACT: Menopausal transition and post-menopausal periods can have short-term and long- term effects 
on mid-life health of women. The short-term effects include the possibility of experiencing of menopausal 
symptoms, while the long-term effects include cardiovascular diseases (CVD) risk. The occurrence of men-
opausal symptoms varies widely within and between populations. Studies indicate that the frequency and 
severity of menopausal symptoms are linked to CVD risk factors, but the existing literature is divergent 
and somewhat limited. Thus, women belonging to different populations are likely to be at a different risk 
of CVD, but the exact physiological mechanism behind this relationship remains unclear. The present 
narrative review aimed to synthesize the available evidence of menopausal symptoms in association with 
various conventional CVD risk factors such as blood pressure, total cholesterol and blood glucose levels and 
obesity, as well as to determine the potential link between these two processes. We undertook a rigorous 
data base search to identify, examine, and critically assess the existing literature on the associations be-
tween menopausal symptoms and CVD risk factors. We applied inclusion and exclusion criteria to filter the 
retrieved articles and classified the literature into eight major categories. The risk of CVD is higher among 
women who experience vasomotor, psychological, and urogenital symptoms compared to those who do not 
experience these symptoms. Our review indicates that menopausal symptoms can be used as markers in 
assessing CVD risk factors during midlife. Thus there is a need for larger-scale research to support these 
findings and identify the potential mediators that are controlling this association.
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Introduction

An estimated 1.5 million women pass 
through the menopausal transition every 
year (Santoro et al. 2015). The phases of 
menopausal transition and postmeno-
pause have profound effects on women’s 
mid-life health. The period between per-
imenopausal and postmenopausal stages 
involves a biopsychosocial process, where 
the majority of women experience some 
short-term and long-term physiological 
changes. The short-term changes may 
include experiencing of vasomotor, uro-
genital, and psychological symptoms, de-
creased libido, insomnia, fatigue, as well 
as joint pain (Dennersteinet et  al. 2000; 
Sherman et al. 2005; Cohen et al. 2006). 
It has been argued that these short-term 
changes are related to the decline in the 
levels of estrogen and progesterone, one 
of the most important hormones in fe-
male’s physiology.

Cardiovascular disease (CVD) contin-
ues to be the leading cause of mortality 
for women (Townsend et al. 2016). Men-
opausal transition is identified as a signif-
icant risk factor of CVD, which increases 
independently of the effects related to ag-
ing (Matthews et  al. 2017; El Khoudary 
et al. 2020). The decline in the estrogen 
levels during and following the meno-
pausal transition has been reported to be 
associated with menopausal symptoms 
and CVD risk factors (Carr et al. 2003). 
Studies show that the alternations in the 
estrogen levels not only affects glucose 
and insulin metabolism, but also changes 
body fat distribution, introduces dyslipi-
demia, coagulation, fibrinolysis, and vas-
cular endothelial dysfunction (Carr 2003; 
Cakmak et al. 2015; Son et al. 2015).

Some researchers have posited that 
the frequency and severity of menopausal 
symptoms are linked to CVD risk factors 

(Gast et al. 2008, 2011; Gallicchio et al. 
2010; Szmuilowicz et  al. 2011; Kagitani 
et al. 2014; Thurston 2018) while several 
studies demonstrated the relationship be-
tween the frequency and severity of these 
symptoms with subclinical CVD, includ-
ing increased intima media thickness 
(Thurston et al. 2012), aortic calcification 
(Thurston et  al. 2008), and endotheli-
al dysfunction (Bechlioulis et  al. 2010). 
A  systematic review and meta-analysis 
conducted by Muka et  al. (2016), which 
included 213,976 middle aged wo men 
revealed a  significant association of 
vasomotor, psychological, and urogen-
ital symptoms with an elevated risk of 
CVD. Although several studies have doc-
umented the association between meno-
pausal symptoms and CVD, the resulting 
findings have not been consistent (Svart-
berg et al. 2009; Tuomikoski and Peltonen 
2017). Menopausal symptoms vary great-
ly across populations so women belonging 
to different population groups are likely 
to be at a differential risk of CVD, thus 
the exact physiological mechanism link-
ing menopausal symptoms and CVD risk 
factors remain unclear (Gast et al. 2008).  

In the present review, we aimed to syn-
thesize all available evidence regarding the 
association between menopausal symp-
toms (e.g., vasomotor, urogenital, and 
psychosocial) and various conventional 
CVD risk factors, such as blood pressure, 
total cholesterol and total glucose levels, 
and obesity, and to determine the poten-
tial link between these two events.

Methodology

Data sources and Search strategy 
In this review, we undertook a  rigorous 
data base search in order to identify, ex-
amine, and critically assess the studies 
conducted on associations between men-
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opausal symptoms and CVD risk factors, 
such as hypertension, diabetes, serum 
total cholesterol, and central obesity. The 
search was conducted using the Google 
search engine, PubMed, and Medline 
websites during the period of May 2023 
to January 2024 using specific keywords: 
“Menopause”, “Cardiovascular disease”, 
“Vasomotor symptoms”, “Menopausal 
Symptoms”, “Psychological symptoms”, 
“Hypertension”, “Estrogen”, “Lipid” etc. 
While performing the search we includ-
ed some specific combinations of terms, 
such as vasomotor symptoms and CVD, 
psychological symptoms and CVD, hot 
flush and hypertension, the physiology of 
vasomotor symptoms, the frequency and 
severity of VMS among midlife women, 
the severity of menopausal symptoms 
and cardiovascular risk factors. Initial-
ly, we categorized the published litera-
ture based on studies that independently 
linked VMS, psychological, and urogeni-
tal symptoms to CVD risk factors. Sub-
sequently, we thoroughly investigated 
the association between these symptoms 
and manifestations of CVD risk factors. 
Finally, we attempted to identify and dis-
cuss the research gaps within the Indian 
context. 

Selection criteria
We used the following inclusion and exclu-
sion criteria to filter the retrieved articles. 
Articles published in peer-review journals 
or by any reputed organization related to 
the topic of women’s midlife health and/
or on perimenopausal and postmenopau-
sal women, based on both field based, and 
hospital based studies and observational 
and interventional studies that report-
ed an association between menopausal 
symptoms and CVD were considered in 
this study. A few systematic reviews, me-
ta-analysis, pooled analysis, cohort stud-

ies were also included in this review. Only 
articles that have been published or trans-
lated into English were considered in this 
review, spanning between January 2000 
and December 2023. 

Data extraction 
602 articles were retrieved following the 
article-retrieval protocol described above. 
A  predesigned data extraction form 
(Franco et al. 2015) was used to extract 
pertinent information from each eligible 
study. This incorporated information 
on the sample size, baseline population, 
study design, age at baseline, duration of 
follow-up (for cohort studies), degree of 
adjustments for confounders (like age, 
sex, smoking status, ethnicity and BMI), 
and the outcome and limitations of the 
study. 313 articles were retrieved fol-
lowing this process. The authors sorted 
the selected articles to eliminate similar 
studies with diverging results and con-
clusions, non-English literatures, and ed-
itorial letters or book reviews. We finally 
considered156 full length articles explor-
ing the physiology of menopausal symp-
toms and its association with CVD risk 
factors. When multiple publications by 
the same author were considered, we in-
corporated the most recent publications 
of that author. 

Classification of the literature
We classified the literature after comple-
tion of the article retrieval process. The 
full text articles were divided into eight 
major categories: (1) 29 articles on the se-
verity and frequency of menopausal symp-
toms, (2) 15 on the physiology of vasomo-
tor symptoms, (3) 12 on the physiology 
of urogenital symptoms, (4)  18 on the 
psychological symptoms of menopause, 
(5) 33 on the association between VMS 
and CVD, (6) 23 on association between 
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psychological symptoms and CVD, (7) 9 
on association between urogenital symp-
toms and CVD, and (8) 17 articles on 
the association between menopause and 
CVD risk factors. We examined the refer-
ence lists of the selected articles to iden-
tify the potential articles for cross-refer-
encing and later cited in this review. We 

did not find any Indian study examining 
the association between menopausal 
symptoms and CVD risk factors. How-
ever, we included in our study some Indi-
an studies that only explored the severity 
and frequency of menopausal symptoms. 
A flowchart depicting the article retrieval 
process is presented below (Fig. 1). 

Zhu F, Chen M, Xiao Y, Huang X, Chen L, Hong L. 2024. Synergistic interaction between 

hyperlipidemia and obesity as a risk factor for stress urinary incontinence in Americans. Sci Rep 
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Fig. 1. Flowchart of narrative review of literature

Discussion

Vasomotor symptoms and CVD
Vasomotor symptoms (VMS) are one 
of the most prevalent symptoms ex-
perienced by 80 % women worldwide 

during the menopausal transition. The 
symptoms include hot flushes and night 
sweats; the severity and duration of these 
symptoms also vary across populations 
(Franco et  al. 2015). Previous studies 
have indicated that the median duration 
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of VMS is 7.4 years, while other studies 
have reported much longer duration (Avis 
et al. 2015). Hot flush refers to a sudden 
sensation of heat and sweating, most 
notably on the upper part of the body, 
while night sweats are the manifesta-
tion of heat during nighttime. Although 
estrogen has been used to treat vaso-
motor symptoms, the exact mechanism 
through which estrogen induces this phe-
nomenon inside the body has not been 
investigated. VMS originates from the 
changes in the neurotransmitters located 
at the brain. It brings instability in the 
hypothalamic thermoregulatory center 
and causes decrease in estrogen levels. 
Hot flushes, a  type of VMS result from 
a reduced thermoneutral zone (Freedman 
and Krell 1999). This reduction seems 
to be linked directly to the elevated nor-
epinephrine (NE) levels in the central 
nervous system, partly through alpha 2 
adrenergic receptors reducing the width 
of the thermoneutral zone (Avis et  al. 
2015; Thurston 2018). Estrogen mod-
ulates the alpha 2 adrenergic receptors 
(Thurston 2018). The fluctuation in es-
trogen levels affects the alpha 2 receptors 
and lead to increased NE levels, which 
ultimately cause inappropriate heat loss 
mechanisms and increase the likelihood 
of VMS (Freedman 2005). 

A  growing body of evidence suggests 
that women who reported VMS are likely 
to have higher cholesterol, triglyceride, 
low density lipoprotein cholesterol (LDL) 
and systolic and diastolic blood pressure 
levels, a higher body mass index (BMI), 
and insulin resistance (Gast et al. 2008; 
Thurston et  al. 2012; Cagnacci et  al. 
2015; Franco et  al. 2015), although the 
reported results are not consistent (Gal-
licchio et  al. 2010; Dam et  al. 2020). 
Studies also have demonstrated the as-
sociation of VMS with hypertension 

(Gast et  al. 2008; Jackson et  al. 2016), 
insulin resistance (Gray et  al. 2018), 
adverse lipid profiles (Gast et al. 2008), 
poor endothelial dysfunction (Thurs-
ton et al. 2008; Bechlioulis et al. 2010), 
high proinflammatory profile (Huang 
et al. 2017), and incidences of subclinical 
CVD (Ȍzkaya et al. 2011; Thurston et al. 
2016). For example, two epidemiological 
studies conducted among middle aged 
women in Japan (Kagitani et  al. 2014) 
and the Netherlands (Gast et  al. 2008) 
found that, compared to women without 
VMS, women with VMS are more likely 
to have a higher CVD risk factor, includ-
ing high blood pressure and total choles-
terol levels. Similarly, four cohort stud-
ies, some of which included American 
women, revealed increased risk factors 
of CVD (high blood pressure and total 
cholesterol levels) for those who report-
ed a higher incidence of VMS compared 
to women who did not (Gastet  et  al. 
2008; Kagitaniet  et  al. 2014; Franco 
et al. 2015). Some studies suggested that 
percent body fat and VMS are positive-
ly correlated (Thurston et  al. 2013; Da 
Fonseca et  al. 2013; Herber-Gast et  al. 
2013; Gallichio et  al. 2014). For exam-
ple, a study conducted by Cagnacci et al. 
(2015) showed that women who experi-
enced hot flushes had a higher body fat 
percentage and increase in the severity 
of VMS was associated with higher lev-
els of body fat. Similarly, a recent study 
conducted among 2533 women aged 
between 42 and 52 years showed that 
lean body mass is inversely associated 
with the incidence of VMS (Woods et al. 
2020). The underlying mechanism of 
this association is not yet clear due to the 
incomplete understanding of the physi-
ology of VMS. Some scholars argue that 
the sympathetic overactivity that exists 
in both VMS and metabolic syndrome 
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is a common pathway linking these two 
processes (Schlaich et  al. 2015; Gava 
et al. 2019).  Earlier studies have hypoth-
esized that body fat is protective against 
VMS due to the process of peripheral 
aromatization of androgens to estrogen 
in adipose tissues (Kershaw et al. 2004). 
The ‘thermoregulatory model’ suggests 
that adiposity inhibits heat dissipation 
and raises the core body temperature, 
thereby increasing the incidence of VMS 
(Duffy et al. 2013). On the contrary, a re-
cent 20-year of follow-up study by Dam 
et  al. (2020) reported no significant as-
sociation between vasomotor symptoms 
and CVD, coronary heart disease, or cere-
brovascular disease. However, the same 
study reported that women who had 
night sweats are at 18% increased risk 
of CVD compared to those who did not, 
although this increase was statistically 
nonsignificant. A study among perimen-
opausal women conducted by Thurston 
et  al. (2012) showed that higher VMS 
is associated with a derangement of the 
lipid profile. Gast et  al. (2008, 2010) 
have replicated findings of positive as-
sociations between VMS, body fat, total 
cholesterol, systolic and diastolic blood 
pressure levels from population-based 
studies conducted in the Netherlands 
and Sweden. Gallicchio et al. (2010) ob-
served a  non-significant association be-
tween hot flush and blood pressure level 
after adjustment for confounders such as 
smoking, alcohol consumption, ethnici-
ty and the use of hypertensive medicines. 
Similarly, after controlling the confound-
ers like educational attainment, smoking 
status, and BMI, Gast et  al. (2008) re-
ported no significant association between 
blood pressure level and hot flushes. 

A couple of studies reported that se-
verity of VMS, rather than frequency, is 
associated with an increased risk of CVD 

(Muka et al. 2016 and Zhu et al. 2020). 
The severity of menopausal symptoms 
among postmenopausal women, as eval-
uated by the Green Climacteric Scale, is 
related to endocrine and metabolic modi-
fications, possibly leading to an increased 
risk of CVD (Cagnacci et al. 2011, 2012). 
In these studies, hot flush and night 
sweats were combined thus, it was not 
possible to evaluate the impact of each 
symptom independently. A  cross-sec-
tional study found night sweats rath-
er than hot flush is associated with an 
elevated risk of coronary heart disease; 
the association persisted even after con-
trolling for the traditional CVD risk fac-
tors like BMI, blood pressure, and total 
cholesterol levels (Gast et al. 2011). Some 
studies have reported that hot flushes 
and night sweats have different etiolo-
gies for CVD, but the exact mechanism 
is not well understood (Hitchcock et al. 
2012; Herber-Gast et al. 2013). Some ev-
idence indicates that the combined effect 
of hot flush and night sweats on the risk 
of CVD was higher than the independent 
effect of each symptom (Zhu et al. 2020).

Studies suggest that age of occurrence 
of VMS may influence the association 
between VMS and CVD risk factors 
(Szmu ilowicz et al. 2011; Thurston et al. 
2016). It has been hypothesized that the 
predictive value of vasomotor symptoms 
for CVD risk factors may vary with the 
onset of VMS at different stages of men-
opause (Szmuilowicz et al. 2011; Thurs-
ton et al. 2016). For example, a study of 
Women’s Ischemia Syndrome Evaluation 
reported that women who experienced 
menopausal symptoms at an early phase 
of their lives (before 42) had endotheli-
al dysfunction and elevated CVD related 
mortality compared to those who experi-
enced menopausal symptoms later in life. 
The association persisted even after the 
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adjustment for BMI, smoking status, and 
age at menopause (Thurston et al. 2016). 
On the contrary, the Women’s Health In-
itiative Observational Study (WHI-OS) 
conducted in the New York City demon-
strates that although early onset of VMS 
is not associated with CVD risk factors, 
the late-onset of VMS increases the risk 
of CVD and all-cause mortality (Sz-
muilowicz et al. 2011). A recent system-
atic review conducted by Armeni et  al. 
(2023) showed VMS increases the risk of 
CVD for those women aged less than 60 
years suggesting that age might be a me-
diating factor in the association between 
these two processes. A  pooled analysis 
of six prospective studies reported both 
early and late-onset of VMS are associ-
ated with an increased risk of CVD (Zhu 
et  al. 2020). The two contrasting find-
ings probably result from the use of two 
different definitions used in defining the 
onset of VMS. In the WHI-OS study, ear-
ly-onset of VMS was defined as VMS at 
the onset of menopause, while late-onset 
was defined as VMS at the time of en-
rollment in the study, which was around 
63.3 years at the time of interview. On 
the other hand, in the pooled analysis, 
VMS, which first occurred before meno-
pause was classified as early-onset, while 
the VMS that first occurred after meno-
pause was classified as late-onset. There-
fore, the difference in definition could 
account for the differential outcomes. It 
has been hypothesized that the mecha-
nisms at play in the occurrence of early 
and late VMS are different. For instance, 
Szmuilowicz et al. (2011) argued that the 
chance of early-onset of VMS before the 
menopausal transition is a physiological 
response to typical hormonal fluctua-
tions, while late-onset VMS could be 
a  manifestation of vascular instability. 
Therefore, both early and late-onset of 

VMS exhibit different associations with 
CVD. However, further research is need-
ed for a better understanding of this as-
sociation.

A  possible mechanism linking wo-
men with VMS and an increased risk of 
CVD is a potential up-regulation in the 
sympathetic nervous activity (Gastet 
et  al. 2008). Some scholars are of the 
opinion that the narrowing of thermo-
neutral zone results in hot flushes, which 
appears to be closely related to elevated 
central nervous system levels of nor-ep-
inephrine (Freedman 1999). Epineph-
rine and nor-epinephrine secreted from 
the sympathetic nervous system are the 
possible mediators for various vascular 
and metabolic abnormalities, including 
hypertension and increased total cho-
lesterol levels (Engler and Engler 1995). 
The significant increase in body fat per-
centage in older women with VMS, as 
observed in previous studies may also be 
due to the secretion of nor-epinephrine 
from the sympathetic nerves (Gast et al. 
2008). The association of VMS with 
increased catecholaminergic activity 
and modifications in calcitonin-related 
peptides, may increase the risk of CVD 
(Gupta et al. 2008). A study by Cagnacci 
et al. (2011) showed hyperactivity of the 
hypothalamic-pituitary-adrenal (HPA) 
axis and increased cortisol concentra-
tion among those who experience VMS; 
this may represent another mechanism 
linking VMS with CVD risk factors such 
as insulin resistance and abnormal lipid 
metabolism. Since VMS is associ ated 
with thermoregulatory dysfunction, it 
alters the activity of the autonomic nerv-
ous system (ANS). The altered activi-
ty of both ANS and HPA may serve as 
a common link between VMS and cardi-
ovascular risk factors (Zhu et al. 2020). 
However, whether vasomotor symptoms 
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precede the CVD risk factors or are symp-
tomatic manifestations underlies adverse 
changes in a  woman’s vasculature war-
rants further investigation. For example, 
studies show that increased BMI and 
blood pressure levels are associated with 
an increased secretion of NE from sym-
pathetic nerves, which in turn leads to 
the incidence of VMS (Cagnacci et  al. 
2015; Thurston 2018). However, other 
studies show conflicting results (Mendel-
sohn et al. 1999; Randolph et al. 2005). 
Thus, there is a need for further research 
to establish the exact link between these 
two events. 

Psychological symptoms and CVD 
Women during midlife may also experi-
ence psychological symptoms, such as de-
pression, mood disturbance, loss of ener-
gy, loss of interest, forgetfulness, anxiety, 
panic attacks, irritability and lack of con-
centration that may impede coping and 
decrease the quality of life (Ohayon et al. 
2006; Thurston et  al. 2017; Gavaet  al. 
2019). Freeman (2015) reported that 
midlife women in their late-perimenopau-
sal phase are three times more likely to 
develop depressive symptoms compared 
to premenopausal women. A  decline 
in the estrogen levels during menopau-
sal transition may trigger psychological 
symptoms by inhibiting the production of 
major neuroprotective factors and alter-
ing neurotransmission. This decline may 
interfere with the synthesis of catechola-
mines and increase the level of serotonin 
potentially leading to the development of 
psychological symptoms (Santoro et  al. 
2015; Gava et al. 2019).

Psychological disorders, including de-
pression, anxiety, and panic attacks, are 
already known to be CVD risk factors in 
both men and women of any age (Wal-
ters et al. 2008; Player et al. 2011; Brun-

ner et  al. 2014). Studies revealed that 
bothersome psychological symptoms are 
associated with increased CVD risk fac-
tors among midlife women (Ward et al. 
1994; Smoller et al. 2003; Collins et al. 
2007; Low et al. 2010; Im et al. 2016). 
Lack of sleep, depression and panic dis-
order that are indicative of poor physical 
and mental health, have been associated 
with an increased risk of CVD (Cappuc-
cio et al. 2011; Laughsand et al. 2014). 
For example, a  multi-ethnic study re-
ported that postmenopausal women 
with severe psychological symptoms 
experience an increased risk of CVD 
related mortality (Im et  al. 2016). Re-
search indicates that both psychological 
symptoms and CVD risk factors could 
be influenced by the hormonal changes 
that occur during the menopausal tran-
sition. These hormonal alterations may 
bring changes in the hypothalamic-adre-
nal axis, serotonergic transmission, and 
the renin-angiotension-aldosterone sys-
tem, which in turn increases the risk of 
CVD (Im et al. 2016; Muka et al. 2016). 
Scholars are of the opinion that depres-
sion and anxiety result in autoimmune 
activation, leading to increased blood 
pressure levels, decreased endothelial 
dysfunction, and increased platelet ac-
tivity; all of which contribute to the de-
velopment of CVD (Carney et al. 2005; 
Mittleman and Mostofsky 2011). The 
sympathetic nervous activation follow-
ing the psychological symptoms could 
also mediate the increased risk of CVD 
(Esler et  al. 2004). Another plausible 
mechanism explains that the co-occur-
rence of psychological symptoms and 
CVD risk factors is because of altered 
systematic inflammatory response; 
and this is influenced by the hormonal 
changes during menopause (Im et  al. 
2016).
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 It is postulated that menopausal 
symptoms affect cardiovascular health 
through established risk factors such as 
elevated BMI and central obesity (De Wit 
et al. 2009; Lallukka et al. 2012). Previ-
ous studies show a  significant associa-
tion between obesity and mood dysreg-
ulation (Glaus et  al. 2019). Adipokines 
produced by adipose tissues activate 
systemic inflammation. This affects the 
brain and leads to various psychological 
symptoms (Ali et al. 2020). On the other 
hand, there are assumptions that psycho-
logical symptoms related to menopause 
increase the number of cytokines and 
free radicals, resulting in more fat dep-
osition (Elavsky and Gold 2009); thus, 
the association can perhaps be explained 
to be bi-directional. Obesity may also 
induce low self-esteem among midlife 
women, resulting in mood dysregulation 
to some extent (Yaylali et al. 2010). The 
Epic-Norfolk study reported central obe-
sity to be significantly associated with 
psychological symptoms, rather than 
general obesity (Myint et al. 2006). How-
ever, conflicting findings have also been 
reported (Ward Ritacco et al. 2015; Glaus 
et al. 2019). 

Sleep disturbance is also associated 
with increased CVD risk factors like hy-
pertension (Capuccio et al. 2011), obesity 
(Li 2021), type 2 diabetes mellitus (Cap-
pucio et  al. 2010), and atherogenic lipid 
profile (Kaneita et al. 2008; Tsiptsios et al. 
2022). The exact mechanism underlying 
these associations is not fully understood. 
The possible mechanisms linking short 
durations of sleep to adverse health out-
comes include reciprocal changes in circu-
lating levels of leptin and ghrelin (Taheri 
et al. 2004); these changes would increase 
appetite, caloric intake, reduce energy ex-
penditure and facilitate the development 
of obesity, and impair glycaemic control, 

which ultimately increases the risk of 
CVD (Khakpash et al. 2023). 

The association between psycholog-
ical symptoms and CVD risk factors 
could be mediated by other factors, such 
as ethnicity. For example, a multi-ethnic 
study found association between psycho-
logical symptoms and CVD risk factors 
varies across different ethnic groups, 
with Asian women showing the strong-
est association compared to the other 
ethnic groups (Im et al. 2016). The stud-
ies interpreted the strongest association 
among Asian women in the context of 
Asian culture, which prohibits the ex-
pression of psychological symptoms due 
to the stigmatization of mental illness 
(Kramer et al. 2002; Im et al. 2016). On 
the contrary, there are studies that reveal 
no ethnic variances in the association be-
tween psychological symptoms and CVD 
in midlife women (Ferketich et al. 2000; 
Franco et al. 2015). Researchers are of the 
opinion that the association may not be 
greatly influenced by social-cultural fac-
tors, although women’s socio-economic 
position, reproductive history, cultural 
beliefs, attitudes, knowledge, and percep-
tion could affect psychological symptoms 
(Ali et al. 2020; Weidner et al. 2020) and 
CVD risk factors independently (Tedesco 
et al. 2015; Beussink-Nelson et al. 2022). 

Depressive symptom is a  greater 
risk factor for CVD compared to other 
psychological symptoms (Smoller et  al. 
2003; Wright et al. 2014). Pathophysio-
logical alterations that occur due to de-
pression may affect the cardiovascular 
system by increasing variability in heart 
rate and platelet aggregation (Nemer-
off 2008). Wright et  al. (2014) posited 
that hormonal fluctuations experienced 
during menopause affect the systematic 
inflammatory process, which, in turn, 
increases the frequency of psychological 
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symptoms and CVD risk factors. Heart 
rate and blood pressure increase during 
psychological stress (tension or anxiety) 
due to the activation of the sympathetic 
nervous system and adrenal medullary 
release of epinephrine, which, in turn, 
alter insulin resistance and lipid metab-
olism (Steptoe et al. 2006); some incon-
sistent findings have also been reported 
(Ward et  al. 1994). Literature reveals 
an association of emotional distress 
with CVD risk factors, such as central 
obesity (Elavsky and Gold 2009). Emo-
tional distress increases the production 
of cytokines and free radicals, resulting 
in the increase in central deposition of 
body fat (Elavsky and Gold 2009). Some 
studies have demonstrated that obesity 
and metabolic syndrome, characterized 
by impaired glucose and lipid metabo-
lism, are independently associated with 
depression (Schmitz et al. 2018; Moaz-
zami et al. 2019). The underlying mech-
anism linking obesity and depression 
is a  complex pathway. Cerebral insulin 
resistance develops in obese women due 
to the depletion of adiponectin, which 
is a hormone derived from the adipose 
tissue and regulates the metabolism of 
glucose and lipids (Nguyen 2020). Obe-
sity might also trigger major oxidative 
and inflammatory pathways, leading to 
neuroinflammation, which is a  crucial 
factor in the development of mood and 
cognitive disorders, such as anxiety and 
depression (Kiecolt-Glaser et  al. 2015). 
These are the possible pathways link-
ing psychological symptoms of meno-
pause and CVD risk factors among 
women (Schmitz et al. 2018; Moazzami 
et  al. 2019). Future studies should ad-
dress whether psychological symptoms 
precede the CVD risk factors or whether 
the CVD risk factors induce depression 
and anxiety among midlife women. 

Urogenital symptoms and CVD
Urogenital symptoms also show a signifi-
cant association with CVD. For example, 
a  recent study conducted by Cagnacci-
et al. (2022) among 504 postmenopausal 
women revealed genito-urinary symp-
toms are more likely to be associated 
with CVD risk factors rather than hot 
flushes. Some earlier studies have also in-
vestigated the association between sexual 
symptoms and metabolic problems (Lee 
et al. 2015; Russo et al. 2015; Lee 2019; 
Semczuk-Kaczmarek et  al. 2021). For 
example, a  systematic review conducted 
by Hunskaar (2008) showed that central 
obesity, higher BMI, higher low density 
lipoprotein cholesterol, and fasting blood 
glucose levels are significantly associated 
with genito-urinary problems like urinal 
incontinence. Kilinc et al. (2017), on the 
other hand, reported that the incidence of 
severe coronary artery disease to be higher 
in patients with urinal incontinence, Park 
et al. (2018) showed that abdominal obe-
sity is more likely to be associated with 
urinal incontinence compared to general 
obesity. However, studies investigating 
the link between sexual symptoms and 
obesity are limited and show inconsistent 
results. It is postulated that central obe-
sity is associated with increased pressure 
on the urinary bladder, and adipose tis-
sue acts, such as a neuroendocrine organ 
that produces inflammatory factors and 
induces the sympathetic nervous system 
(Subaket et  al. 2009; Tang et  al. 2022); 
this, in turn, leads to the development 
of some urinary symptoms like urinal 
incontinence. It is postulated that met-
abolic co-morbidity, such as obesity and 
dyslipidemia, could increase the severi-
ty of urogenital symptoms, possibly by 
causing inflammation, oxidative stress, 
hormonal disruptions, and impaired 
blood vessel formation (Zhu et al. 2024). 
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In addition, there is evidence showing 
that women with an altered lipid pro-
file exhibit activation of inflammatory 
pathways, a  decrease in neuroprotective 
factors, damage to DNA, and apoptosis 
ultimately leading to the development of 
urogenital symptoms (Zhu et  al. 2024). 
The Boston Area Community Health 
(BACH) survey reported moderate to se-
vere urogenital symptoms to be associ-
ated with an increased risk of diabetes 
mellitus (Lin et  al. 2013; Hwang et  al. 
2015). The exact mechanism linking 
urogenital symptoms and CVD risk fac-
tors is less understood. Previous studies 
show that some common factors such as 
estrogen deficiency, endothelial dysfunc-
tion, increased Rho-kinase activation, 
impaired nitric-oxide synthase pathway 
in the endothelium, autonomic hyper-
activity with sympathetic dysregulation 
are likely to be linked with urogenital 
symptoms and CVD (Fusco et al. 2013; 
Semczuk-Kaczmarek et al. 2021). Age-re-
lated changes in the bladder structure and 
function seem to play a central role in the 
occurrence of urogenital symptoms. For 
example, endothelial dysfunction in the 

pelvic vascular system is considered to 
play a  role in urinal incontinence. The 
common pathway linking hypertension 
and urogenital symptoms could be ex-
plained by increased sympathetic activ-
ity and altered alpha 2-adrenoreceptor 
activity. Furthermore, diabetes mellitus 
can increase the severity of urogenital 
symptoms through neurogenic bladder 
dysfunction (Russo et al. 2015). How ever, 
these associations cannot be explained 
as a cause-effect relation. For example, it 
appears from a recent study that patients 
with coronary artery disease have a higher 
severity of urogenital symptoms; this may 
indicate a significant role of CVD in the 
pathophysiology of urogenital symptoms 
(Semczuk-Kaczmarek et  al. 2021). The 
same study further reported association 
of increasing severity of urogenital symp-
toms with age, metabolic biomarkers and 
arterial hypertension. It is argued that 
a healthy lifestyle, antihypertensive ther-
apy with angiotensin II receptor blockers, 
and lipid lowering medicines like statins 
could reduce both CVD and the severity 
of urogenital symptoms (Semczuk-Kacz-
marek et al. 2020).

Table 1. General findings of the studies included in the review

Association Researchers Outcomes

VMS and CVD risk factors
VMS and hypertension

VMS and total cholesterol level

VMS and body fat percentage

VMS and insulin resistance

Bechlioulis et  al. 2010; Kagitani 
et al. 2014; Jackson et al. 2016

Gast et al. 2008; Thurston et al. 
2012

Herber-Gast et  al. 2013; Galli-
chio et al. 2014

Szmuilowicz et al. 2011; Cagnac-
ci et al. 2011

Incidence of VMS increases the 
likelihood of hypertension com-
pared to those without VMS.
VMS is associated with a  de-
rangement of the lipid profile.
Incidence of VMS increases the 
likelihood of derangement of the 
lipid profile.
Greater the degree of severity of 
VMS, higher is the likelihood of 
body fat percentage.
Early onset of VMS is not associ-
ated with CVD risk factors such 
as insulin resistance, but late-on-
set of VMS increases the risk of 
CVD and all-cause mortality.
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Psychological symptoms and CVD
Psychological symptoms, blood 
glucose and lipid profile

Psychological symptoms and hy-
pertension

Psychological symptoms and obe-
sity

Cappucio et  al. 2010; Wright 
et al. 2014; Tsiptsios et al. 2022

Im et al. 2016; Muka et al. 2016

Taheri et  al. 2004; Glaus et  al. 
2019; Khakpash et al. 2023

Psychological symptoms increase 
the activity of sympathetic ner-
vous system and adrenal med-
ullary release of epinephrine, 
leading to insulin resistance and 
abnormal lipid metabolism.
Depression and anxiety result in 
autoimmune activation, leading 
to increased blood pressure lev-
els, decreased endothelial dys-
function, and increased platelet 
activity.
Psychological distress would in-
crease appetite, caloric intake, 
reduce energy expenditure and 
facilitate the development of obe-
sity.

Urogenital symptoms and CVD
Urogenital symptoms and insu-
lin resistance

Urogenital symptoms and hyper-
tension

Urogenital symptoms and cen-
tral obesity

Lin et  al. 2013; Hwang et  al. 
2015

Fusco et al. 2013; Semczuk-Kacz-
marek et al. 2021

Park et al. 2018; Tang et al. 2022

Moderate to severe levels of uro-
genital symptoms is associated 
with increased risk of insulin re-
sistance.
Incidence of hypertension in-
creases the likelihood of the se-
verity of urogenital symptoms.
Abdominal obesity is more likely 
to be associated with urinal in-
continence compared to general 
obesity.

Future direction and conclusion

Our review suggests that the decline in the 
estrogen levels remains the common ori-
gin for menopausal symptoms and CVD 
risk factors during mid-life affecting the 
quality of life of women.  This narrative 
review revealed the following unmet gaps 
in research. (1) How different is the associ-
ation between menopausal symptoms and 
CVD risk factors across different ethnic 
groups? (2)  Are menopausal symptoms 
associated with the CVD risk factors and, 
if so, determine the degree of the CVD 
risk factors?  (3) Does the age of onset of 
menopausal symptoms has an association 
with the CVD risk factors? (4) To what 
extent VMS, psychological, and urogeni-
tal symptoms independently or in combi-

nation play roles in predicting CVD risk 
factors? (5) Does women with hormone 
replacement therapy have reduced risk of 
menopausal symptoms and CVD risk fac-
tors? (6) The existing literature has rarely 
reported studies from low-middle-income 
countries where the menopausal age is 
advancing (Mozumdar et  al. 2015). Are, 
thus, women from these parts of the world 
more likely to be at a risk of CVD?

Our review suggests that women who 
experience vasomotor, psychological, and 
urogenital symptoms are likely to have 
a higher risk of CVD compared to those 
who have not experienced such symp-
toms. Our review also indicates the po-
tential usefulness of menopausal symp-
toms as marker for CVD risk factors 
during midlife. 
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