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ABSTRACT　Cardiovascular disease remains the leading cause of mortality in women, yet it has not raised the awareness fr-
om the public. The pathogenesis of cardiovascular disease differs significantly between females and males concerning the effect of
sex hormones. Estrogen and progestogen impact cardiovascular system through genomic and non-genomic effects. Before menopa-
use, cardiovascular protective effects of estrogens have been well described. Progestogens were often used in combination with es-
trogens in hormone therapy. Fluctuations in sex hormone levels, particularly estrogen deficiency, were considered the specific ri-
sk factor in women’s cardiovascular disease. However, considerable heterogeneity in the impact of hormone therapy was observed
in clinical trials. The heterogeneity is likely closely associated with factors such as the initial time, administration route, dosage, and
formulation of hormone therapy. This review will delve into the pathogenesis and hormone therapy, summarizing the effect of fem-
ale sex hormones on hypertension, pre-eclampsia, coronary heart disease, heart failure with preserved ejection fraction, and cardio-
vascular risk factors specific to women.

 

Regardless of gender identity, cardiovascular di-
sease (CVD) remains the leading cause of dea-
th for decades.[1] Women tend to have an avera-

ge 5-year longer life expectancy than men and experien-
ce a lower mortality risk across all age groups.[2] Despite
this extended lifespan, women still face a greater risk of
cardiovascular death at their late life period.[3] Most clini-
cal trials often included a much larger proportion of men
than women, and guidelines were formally developed ba-
sed on this male-dominated evidence. Findings from ma-
le-dominated population doesn’t apply to female in ma-
ny cases. Therefore, it’s substantial to raise awareness of
CVD in women.

Female sex hormones result in a complex effect on car-
diovascular system, contributing to the gender differenc-
es in CVD. Premenopausal women experience a signifi-
cantly lower risk of CVD compared to both postmenop-
ausal women and age-matched males.[4,5] Meanwhile, po-
stmenopausal women face an increased risk of CVD co-
mpared to their premenopausal counterparts of the same
age.[6] However, the potential cardiovascular benefit of
endogenous sex hormones is not consistent with the res-
ults of hormone therapy. Current hypothesis suggest th-

at the deficiency of female sex hormones explains the in-
creased cardiovascular risk in women, while the heterog-
eneity of postmenopausal hormone therapy efficacy may
be related to factors such as initiation time, duration, ad-
ministration route, formulation, and dosage (Figure 1). 

FEMALE SEX HORMONES AND SIGNAL
PATHWAYS

Sex hormones in women are mainly synthesized and
secreted by the ovaries, including estrogen, progester-
one and small amounts of androgens. Estrogens compr-
ise a group of hormones consisting of 17beta-estradiol
(E2), estrone (E1), estriol (E3) and estetrol (E4, only exists
during pregnancy).[7] E2 is the primary form of estrogen
in premenopausal women and is also the most biologic-
ally active estrogen. E2 and its derivatives constitute the
primary components of estrogen therapy. E1 typically be-
comes the major source of estrogen after menopause. E3
is the final metabolic product of E2 and E1, and its acti-
vity is exceedingly weak, primarily secreted in large qu-
antities during pregnancy. In the normal physiological cy-
cle of women, the levels of sex hormones vary in differ-
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ent periods. Estrogen presents in higher levels in femal-
es from adolescence to menopause, while in postmenopa-
usal women, estrogen levels are comparable to those of age-
matched men.[8]

Sex hormones make their impact on cardiovascular
system through genomic and non-genomic effects.[9,10]

Aromatase (a type of CYP450 enzyme) catalyzes the co-
nversion of testosterone to estrogen.[11] The impact of es-
trogen is mediated through nuclear and membrane es-
trogen receptors (ER), including estrogen receptor alpha
(ERα), estrogen receptor beta (ERβ), and G-protein-co-
upled ER (GPR30 or GPER). In terms of genomic effects,
E2 binding to the ER induces the formation of homo/he-
tero dimers, translocation to the nucleus, and direct inte-
raction with estrogen response elements or transcription
factors, which regulates the expression of target genes.
Meanwhile, E2 initiate rapid non-genomic effects by bi-
nding to ERs at the plasma membrane, thereby activati-
ng signaling pathways such as phosphoinositide 3-kin-
ase, mitogen-activated protein kinase/extracellular sig-
nal-regulated kinase, and cyclic adenosine monophosp-
hate. Additionally, E2 binds to mitochondrial membran-
e-localized ERs, reducing reactive oxygen species produ-
ction and enhancing cell survival.[10]

Progesterone receptors are categorized into the nuclear
progesterone receptors (PR) and membrane-bound PRs.
The genomic effects of progesterone are mediated by nu-
clear PRs, including PR-A, PR-B, and PR-C (confirmed to be
expressed in breast cancer cells). Progesterone modulat-
es various physiological processes through non-genomic
effects by binding to membrane-bound PRs, including me-
mbrane-bound progesterone receptors, progesterone re-
ceptor membrane component 1, and GABA-A receptosrs,
which impacts growth receptor signaling pathways, mit-
ogen-activated protein kinase pathways and activates ty-
rosine kinase Src.[12]
 

HYPERTENSION

Hypertension is considered one of the most common
chronic diseases worldwide and is a major risk factor of
CVDs.[13,14] Estrogen plays a role in promoting vasodila-
tion through endothelial-dependent effects involving
both ER and GPR30.[15] Animal studies provide compel-
ling evidence regarding estrogen’s effect on blood pres-
sure (BP) and CVD.[16–20] The impact of estrogen on the re-
nin-angiotensin-aldosterone system (RAAS) remains co-
mplex. On one hand, estrogen promotes the circulating le-
vels of angiotensinogen and aldosterone to upgrade RA-
AS activity. On the other hand, estrogen inhibits the acti-
vity of angiotensin converting enzyme, which conseque-
ntly reduce the formulation of angiotensin II, increase
the formation of Ang-(1–7) and enhance the effect of bra-
dykinin.[21] The bi-directional effects of E2 on RAAS fi-
nally result in the antihypertensive effect. Additionally,
estrogens modulate BP directly through non-genomic ef-
fects on vascular, renal and cardiac cells by reducing calci-
um efflux. And it indirectly downgrades the expression
of endothelin-1 and catecholamines, contributing to vas-
odilatory effect.[22,23] Progesterone is a potent aldosterone
antagonist, exerting its action on the mineralocorticoid re-
ceptor to inhibit sodium and water retention.[24]

After menopause, an increased sensitivity to salt has
been observed in females.[25–27] This heightened sensitiv-
ity is attributed to the lower estrogen levels post-menop-
ause, which are associated with the upregulation of RA-
AS and the sympathetic nervous system. Additionally,
reduced vascular nitric oxide bioavailability is also link-
ed to the decline in estrogen levels.[28]

There is a time-dependent association between wom-
en’s BP and estrogen levels. During the luteal phase, cha-
racterized by elevated estrogen levels, women tend to ha-
ve lower BP compared to the follicular phase of the men-

 

Figure 1    Association between female sex hormone and cardiovascular disease.
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strual cycle.[29] Before menopause, endogenous estrog-
en inhabits the progression of hypertension.[5,25] After me-
nopause, estrogen levels in women drop significantly. Th-
is aligns with the lifelong BP trend in women, where fr-
om the age of 13 years old, both systolic BP and diastolic
BP are lower than those in men. However, after the age of
60 years old, women’s risk of hypertension surpasses th-
at of men, becoming notably higher.[30] While premenopa-
usal women typically show a lower prevalence and redu-
ced severity of hypertension, the risk of hypertension und-
ergoes a significant transformation post-menopause.[3,31]

Considerable evidence supports the association of en-
dogenous estrogen with decreased BP in women.[5,32] Con-
sequently, the administration of exogenous estrogen mi-
ght reasonably be expected to have a similar BP-loweri-
ng effect. However, the impact of exogenous estrogen tr-
eatment on BP in humans has yielded inconsistent fin-
dings.[33–41] This disparity appears to be influenced by for-
mulation, dosage, and the methodology employed for BP
measurement.[42]

Previous studies focusing on normotensive postmen-
opausal women has shown that BP reductions were ass-
ociated with the use of transdermal estrogen but not wi-
th oral estrogen.[43–47] The Women’s Health Initiative Ob-
servational Study, which included 19,986 normotensi-
ve patients using menopausal hormone therapy (MHT),
found that when compared to conjugated equine estro-
gen (CEE) with or without a progestin, the risk of newly
treated hypertension was lower in women who used tr-
ansdermal estradiol or oral estrone sulfate dominant pr-
eparations.[44] Similarly, a prospective population-based
study conducted in France among normotensive wom-
en using MHT reported that the risk of hypertension in-
creased with the use of oral estrogen, especially when co-
mbined with progestogen, but not with transdermal est-
rogen.[43] These heterogeneity in hypertension risk obser-
ved in relation to the route of estrogen administration may
be attributed to differences in pharmacokinetics. Oral es-
trogen undergoes first-pass hepatic metabolism, which
has been postulated to activate RAAS.[45,48,49]

Recently, a cohort study exploring the relationship be-
tween the route of administration, formulation, duration
of use, and cumulative dose of estrogen and the risk of po-
stmenopausal hypertension has yielded important find-
ings.[50] It revealed an association between oral estrogen
therapy and an increased risk of hypertension in wom-
en. In postmenopausal women receiving estrogen thera-
py, the lowest risk of hypertension was observed with the

use of non-oral estradiol at the lowest effective dose and
for the shortest duration. This suggests that minimized
risk of hypertension may be achieved by using non-or-
al estradiol, at the lowest effective dose, and for a shorter
duration.

Drospirenone (DRSP), derived from 17-alpha-spirola-
ctone, combines the therapeutic effects of progestogens,
anti-mineralocorticoids, and anti-androgens.[51,52] In Ch-
ina, a 3 mg dosage of DRSP is commonly used in combin-
ation with ethinyl estradiol as a combined oral contrace-
ptive. The anti-mineralocorticoid effects of 3 mg of DR-
SP are comparable to those of 25 mg of spironolactone.[53]

Compared to traditional estrogen-progestin therapies, DR-
SP can counteract the water and sodium retention trigger-
ed by estrogen-induced RAAS activation. This may poten-
tially mitigate estrogen-related weight gain and lower BP,
especially in hypertensive postmenopausal women.[54–56]

A retrospective analysis revealed that continuous, long-
term treatment with DRSP 2 mg/E2 1 mg notably redu-
ced 24-hour systolic BP and diastolic BP, consequently lo-
wering the risk of CVD in early menopausal women wi-
th stage 1 hypertension.[57] This underscores the potential
cardiovascular benefits of timely MHT in postmenopaus-
al women.

MHT was commonly recommended in appropriate pa-
tients for management of menopausal symptoms. Aside
from its cardiovascular effects, MHT also showed favor-
able or adverse effects on multiple systems. An umbrella
review revealed that MHT was associated with reduced
risks of bone fracture, diabetes mellitus, and esophageal,
gastric, and colorectal cancer.[58] However, it was linked to
increased risks of stroke, venous thromboembolism, ga-
llbladder disease, as well as breast and ovarian cancer.
The Women’s Health Initiative trial demonstrated that the
combination of CEE and medroxyprogesterone acetate
elevated the risk of breast cancer while CEE alone thera-
py resulted in a reduced risk.[59,60] Therefore, these addi-
tional risks should be taken into consideration when imp-
lementing hormone therapy. 

PRE-ECLAMPSIA

Pre-eclampsia is an intricate disease with multisystem
disorder, diagnosed by the sudden onset of hypertension
occurring after the 20th week of gestation, accompanied
by at least one associated complication. For decades, pre-
eclampsia represents one of the leading causes of mater-
nal and fetal mortality globally.[61] Women who survive
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pre-eclampsia are at an elevated risk of long-term health
problems, including a reduced life expectancy and incre-
ased susceptibility to conditions such as stroke, CVD, and
diabetes mellitus.[62,63]

In animal models, estrogen may exert its effects by pre-
venting inflammation, upregulating Ca2+-activated K+

channels, activating GPR30 to stimulate endothelial NO
synthase and AKT signaling in endothelial cells, and mo-
dulating vascular endothelial growth factor receptor 2 to
maintain the normal perfusion of the uterus during pre-
gnancy.[64] Administration of exogenous E2 is known to
inhabit inflammatory mediators, lower BP, and reduce
albuminuria.[65,66] Progesterone also plays a crucial role in
the pathogenesis of pre-eclampsia. Pei, et al.[67] found that
progesterone can enhance the invasion and inhibit the
apoptosis of trophoblasts. Recently, progesterone is cons-
idered to promote trophoblast cell invasion ability by ac-
tivating the phosphatidylinositol 3-kinase/AKT signal-
ing pathway. This effect reduced the progression of pre-
eclampsia in pregnant rats in a concentration-depend-
ent manner.[68]

Previous studies found that patients with pre-eclamp-
sia tend to hold a lower level of estrogen and progestog-
en.[69–71] Alternation in enzyme activities, including de-
crease in 17beta-hydroxysteroid dehydrogenase type 1,
aromatase, and catechol-O-methyltransferase, may be
associated with declines in estrogen.[72–74] A meta-analys-
is involving 6439 patients from nine studies revealed that
progestogen supplement before the 20th week of preg-
nancy in spontaneously achieved singleton pregnancies
significantly reduce the risk of pre-eclampsia.[75] This un-
derscores the potential of using progesterone in the pre-
vention of pre-eclampsia. In summary, estrogen and pr-
ogestogen plays a pivotal role in the pathogenesis of pre-
eclampsia, which suggests the potential of exogenous ho-
rmones as a therapeutic agent for managing pre-ecla-
mpsia. 

CORONARY HEART DISEASE (CHD)

Women tend to experience poorer prognosis compa-
red to men when they present with CHD,[76] and suffered
a higher risk of mortality.[77] The administration of exog-
enous estrogen has a significant impact on cardiovascu-
lar system, including but not limited to the regulation of
cholesterol metabolism and BP.[42,78,79]

The cardioprotective effect of hypertension has been
discussed above. In terms of cholesterol metabolism reg-

ulation, estrogens affect triglycerides and low-density li-
poprotein cholesterol (LDL-C) metabolism through mul-
tiple mechanisms, such as upregulating low-density li-
poprotein receptor expression in the liver,[80,81] downreg-
ulating hepatic lipase,[82] and proprotein convertase sub-
tilisin/kexin type 9.[83] Besides, estrogen can influence the
progression of atherosclerosis by its effects on endotheli-
al cells, smooth muscle cells, immune cells, and modula-
ting inflammation.[84]

Menopause is well-established in leading to alterati-
ons in serum lipid profiles. Postmenopausal women typ-
ically experienced higher levels of total cholesterol (TC),
LDL-C, triglyceride (TG), apolipoproteins B and the TC/
high-density lipoprotein cholesterol (HDL-C) ratio, alon-
gside reduced HDL-C levels, but no changes of lipopro-
tein (a) levels when compared to their premenopausal co-
unterparts.[85–87] These lipid profile changes primarily oc-
cur during the perimenopausal period.[87] An analysis of
a community-based women’s registry in China has repo-
rted similar results, particularly during the late perimen-
opausal stage.[88] MHT resulted in an increase in HDL-C
levels and a decrease in LDL-C and TC levels.[89,90] DRSP/
E2 combination therapy significantly decreased levels of
TC, LDL-C, and apolipoproteins B, while elevating conce-
ntrations of HDL-C and apolipoproteins A.[57] However,
oral estrogens were associated with elevated TG, while
transdermal E2 was found to reduce TG. The administr-
ation route of estrogen and the specific progestogen used
played a significant role in determining the varied effe-
cts of MHT on lipid profiles.[90]

It remains uncertain whether the effects of exogenous
estrogen in animal models align with that in the human
body. Moreover, the theory that sex difference in cardio-
vascular risk is predominantly related to the presence of
estrogen has been challenged. Limited positive effects of
estrogen replacement in postmenopausal women were
observed and the some excess risks were even highlight-
ed.[91–94]

The timing hypothesis attempted to explain the reas-
on for the heterogeneity of MHT efficacy.[95] It comprises
two key components. The first component posits that MHT
initiated during the perimenopausal transition or early me-
nopause, a period when atherosclerosis is typically in its
early stages characterized by fatty streaks or uncomplica-
ted plaques, can prevent the progression of lesions from
being larger and more complicated. The second compo-
nent suggests that the favorable effects of MHT may di-
minish several years after menopause, by which time at-
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herosclerosis has advanced to the complicated plaque st-
age. Moreover, during this stage, MHT could potential-
ly induce plaque instability, thereby increasing the risk of
adverse cardiovascular events. When atherosclerotic pla-
ques exist in coronary arteries, oral estrogen stimulates the
production of matrix metalloproteinases, which plays a
role in dissolving a portion of the plaque, leading to plaq-
ue instability. This instability can potentially result in pl-
aque rupture and thrombosis.[96]

Nurses’ Health Study, a prospective cohort study, no-
tably reported the association between estrogen therapy
with decreased risk in CHD and mortality.[97] Randomi-
zed controlled trials on the secondary prevention of CVD,
such as the Heart and Estrogen/Progestin Replacement
Study, did not demonstrate an overall cardiovascular be-
nefit but rather showed a trend of increased risk for adve-
rse cardiovascular events.[92] Similarly, investigations on
the primary prevention of CVD, known as the Women’s
Health Initiative trial, did not yield active results.[98,99] It’s
worth noting that in the subgroup analysis of women ag-
ed 50–59 years in the Women’s Health Initiative trial, the
use of CEE alone was associated with a reduced risk of
CHD, while the combination of CEE with medroxypro-
gesterone acetate showed a trend of increased CHD risk.
The Early versus Late Postmenopausal Treatment with
Estradiol trial investigated the use of oral estradiol in co-
mbination with vaginal progesterone in women who we-
re either less than 6 years or more than 10 years post-me-
nopause. MHT was associated to a reduced progression
of subclinical atherosclerosis (measured by carotid in-
tima-media thickness) when MHT was initiated within 6
years after menopause. However, this benefit was not
observed when MHT was initiated 10 years or more ye-
ars after menopause.[100] Currently, most clinical guide-
lines do not encourage the use of MHT for primary or se-
condary prevention of CVD. However, The Internation-
al Menopause Society has proposed that in women un-
der the age of 60 years old, who are recently menopau-
sal and without history of CVD, the initiation of estrog-
en-alone therapy can reduce the risk of CHD and all-ca-
use mortality.[101]
 

HEART FAILURE WITH PRESERVED EJEC-
TION FRACTION (HFpEF)

Heart failure with an ejection fraction of ≥ 50% is cate-
gorized as HFpEF, while left ventricular (LV) diastolic dy-
sfunction is marked by slow LV relaxation and increas-

ed LV stiffness.[102] An epidemiological survey conducted
in Europe revealed that the incidence of HFpEF is not-
ably higher in women across all age groups, with a parti-
cularly pronounced difference observed among elderly
patients.[103] According to data from the China Cardiovasc-
ular Association Database-Heart Failure Center Registry,
female with HFpEF tend to be older and have poorer pro-
gnosis compared to male.[104]

Effect of E2 on RAAS has been described in “hyperte-
nsion” part. Furthermore, E2 inhibits the production of
reactive oxygen species induced by RAAS and attenuat-
es angiotensin-induced leukocyte recruitment via nitric
oxide (NO).[105]

Natriuretic peptides, such as atrial natriuretic peptide
(ANP) and B-type natriuretic peptide, are primarily syn-
thesized and released from the atrial and ventricular my-
ocardium, leading to diuretic and vasodilatory effects. In
failing hearts, previous studies have shown that E2 can
stimulate the production and secretion of ANP and B-ty-
pe natriuretic peptide in cultured cardiomyocytes.[106] E2
has also been found to upregulate the ANP gene, which
helps attenuate phenylephrine-induced cardiomyocyte
hypertrophy.[107] Consistent with estrogen levels, ANP le-
vels were reported to be significantly higher in younger
women compared to younger men, while no sex differe-
nce was observed in older individuals.[108] Recent studies
have shown a strong association between exogenous E2
and natriuretic peptide levels.[109,110] In the subgroup an-
alysis of the PARAGON-HF study, sacubitril/valsartan
was found to improve heart failure prognosis only in fe-
male patients compared to the valsartan group.[111] Con-
sidering the elder age of the participants in the PARAG-
ON-HF study (mean age: 72.7 years old), this result may
be associated with estrogen deficiency in postmenopau-
sal women and the consequent decrease in natriuretic
peptide levels.

LV remodeling and the progression of cardiac dysfu-
nction are linked to the homeostasis of the extracellular
matrix (ECM). E2 plays a role in regulating the synthesis
of collagen.[112,113] LV stiffness has been closely associated
with fibrillar collagen and cross-linking. Increased dep-
osition and cross-linking of ECM components in the my-
ocardium contribute to myocardial stiffness, which is cr-
ucial in the pathogenesis of HFpEF.[114] Decreased circu-
latory levels of E2 may contribute to the increases in car-
diac ECM components in postmenopausal women.[115]

E2 can reduce oxidative stress levels in premenopa-
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usal women.[116] Endothelial dysfunction is associated
with increased systemic oxidative stress and vascular
inflammation, characterized by reduced vasodilators
modulating vascular tone, such as NO. E2 plays a role in
regulating the production of NO through tetrahydrobi-
opterin, an essential cofactor for endothelial NO synth-
ase, whose activity is key in LV remodeling and diastolic
dysfunction.[117] The deficiency of estrogen leads to a red-
uction of NO in postmenopausal women, but this can be
prevented through MHT.[118] Additionally, E2 may regu-
late systemic and localized persistent inflammation th-
rough various pathways by reducing endothelin-1 and
pro-inflammatory cytokine levels, repressing NFκB act-
ivity, and reducing abdominal fat.[119]

Collectively, E2 may protect against the development
of HFpEF by the regulation in RAAS, natriuretic pepti-
des, ECM, oxidative stress and endothelial dysfunction,
and inflammation. Elderly and female individual are mo-
re prone to LV diastolic dysfunction.[120] Estrogen defici-
ency promotes LV hypertrophy, resulting in smaller LV
dimensions and remaining better indices of systolic fu-
nction, which may contribute to the increased prevalen-
ce of high HFpEF in postmenopausal women. MHT can
counteract these effects, improving parameters associ-
ated with LV diastolic dysfunction[121,122] and reducing LV
mass[123,124] in postmenopausal women.

The timing hypothesis also applys to patient with the
HFpEF to a degree. Animal experiments have suppor-
ted that early (1 month) estrogen therapy in ovariecto-
mized monkeys can improve LV diastolic function, mod-
ulate myocardial gene expression, and exert anti-infla-
mmatory effects,[125,126] whereas late (4.5 years) estrogen
therapy fails to produce these effects. This suggests the
potential benefits of early MHT for female HFpEF pati-
ents. 

CARDIOVASCULAR RISK FACTORS ASSO-
CIATED WITH FEMALE SEX HORMONES

Since adolescence, cardiovascular risk factors associ-
ated with female sex hormones have been present thr-
oughout women’s life, such as preterm delivery, long/ir-
regular menstruation, oral contraceptives, polycystic ov-
ary syndrome, surgical menopause, premature ovarian
insufficiency, shortened reproductive lifespan, and pre-
mature/early menopause (Figure 2). 

Oophorectomy and Premature Ovarian Insuffi-
ciency (POI)

An analysis involving 282,722 premenopausal wo-
men in China, indicated that women who underwent hy-
sterectomy and oophorectomy had a higher risk of str-
oke and ischemic heart disease compared to their age-m-
atched counterparts who did not undergo surgery.[127] It
was previously hypothesized that the lack of estrogen
due to menopause or ovarian dysfunction was equally re-
sponsible for this increased risk. However, despite a red-
uced risk when compared to hysterectomy with bilate-
ral oophorectomy, women who had a hysterectomy wh-
ile retaining ovarian function still experienced a higher
risk of CVD. This could be linked to the loss of feedback
mechanisms from hystera to ovaries.

Previous studies have consistently reported a correla-
tion between POI and an increased risk of CVD.[128,129] Fu-
rthermore, chemotherapy is recognized as a potential co-
ntributor to the development of ovarian failure. Subgro-
up analysis of the Canadian Longitudinal Study on Agi-
ng revealed that women diagnosed with POI faced hig-
her 10-year Framingham risk score compared to those who
experienced natural menopause at the expected age, and
this risk was comparable to women who had undergone

 

Figure 2    Cardiovascular risk factors related to female sex hormone.
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surgical menopause.[130] For women with POI or premat-
ure/early menopause, universal recommendations su-
ggest that patients without contraindications, elevated
CVD and breast cancer risks should promptly initiate ho-
rmone therapy upon diagnosis and continue it until the
expected age of natural menopause.[131–135]
 

Abnormal Menstruation

Abnormal menstruation, characterized by early or late
menarche, long or irregular menstruation, and polycyst-
ic ovarian syndrome, is associated with adverse cardiov-
ascular prognosis. Early menarche is associated with an
increased risk of future metabolic syndrome and CVD-
s.[136–138] The Million Women Study revealed a U-shaped
relationship between the age of menarche and the risk of
CHD. The risk of CHD increased significantly when men-
arche occurs before the age of 10 years old or after the age
of 17 years old.[139] Long or irregular menstrual cycles are
believed to be associated with reduced exposure to estr-
ogen, which might contribute to an increased risk of CVD.
A pooled analysis of 301,438 patients demonstrated that
premature menopause is strongly associated with an in-
creased risk of non-fatal CVD.[140] Shortened reproducti-
ve lifespan is reported to be strongly associated with incr-
eased CVD risk in both natural and surgical menopause
women.[128] Shortage of endogenous estrogens may be re-
sponsible for these results. 

Oral Contraceptive (OC)

Numerous clinical trials have reported the impact of OC
on cardiovascular events. However, the findings are inc-
onsistent and even contradictory in some studies.[141–146]

The new generation of OCs contains lower content of et-
hinyl estradiol (≤ 30 μg) compared to older formulations,
implying that past studies might have overestimated the
cardiovascular risks associated with OCs use. A cohort st-
udy in Denmark found that the use of ethinyl estradiol is
associated with an increased risk of stroke and myocar-
dial infarction,[147] with the risk being lower for 20 μg com-
pared to 30–40 μg.[144,147] Analysis of the UK Biobank (UKB)
cohort indicated that OCs is linked to increased risk of st-
roke, particularly in the initial year of use.[148] In contrast, af-
ter excluding patients with MHT, the UKB reported favo-
rable results that patients who have previously used OCs
intends to obtain a significant net benefit in cardiovascu-
lar primary prevention. This association becomes more
pronounced in patients who have used OCs for longer du-
rations (Ptrend < 0.001).[149] It’s worth noting that the UKB

did not record detailed information such as dosage and
formulation of OCs. Further studies focus on the impact
of dosage, formulations, and duration may be a new dir-
ection. 

Female Sex Hormone and Spontaneous Coronary
Artery Dissection (SCAD)

Approximately 90% of SCAD occurs in females, and it
remains an important cause of myocardial infarction re-
lated to pregnancy.[150,151] Patients with SCAD tend to pr-
esent fewer traditional cardiovascular risk factors than
those with typical atherosclerosis. Current evidence sug-
gests an underlying association between fluctuations in
sex hormone levels and SCAD. Awareness should be
raised when facing patient with fluctuations in sex hor-
mone levels. 

Other Cardiovascular Risk Factors

A recent meta-analysis has demonstrated that breast-
feeding is linked to a reduced maternal cardiovascular ri-
sk, including CHD, stroke, and fatal CVD.[152] This effect
is believed to be closely associated with prolactin and ox-
ytocin.[153] Oxytocin has been identified not only as prom-
otive for milk ejection but has also been shown benefits
on lowering BP, inducing vasodilation, exerting antidi-
abetic and antioxidant effects, inhibiting inflammation,
and reducing fat mass.[154,155] Although some inconsisten-
cies about dose–response relationships and strength of
the association exist, the 2021 scientific statement of the
American Heart Association on cardiovascular disease
prevention in women declared that “lactation and brea-
stfeeding may lower a woman’s later cardiometabolic
risk”.[156]
 

CONCLUSIONS AND PERSPECTIVES

Currently, sex hormone is predominantly applied for
MHT, menstrual cycle regulation, and contraception. Es-
trogen therapy is commonly used in perimenopausal wo-
men experiencing vasomotor symptoms. Estrogens have
a dual impact on the cardiovascular system, with an ove-
rall favorable effect in premenopausal women. Progest-
ogens competitively antagonize aldosterone, thereby inh-
ibiting sodium and water retention. Fluctuations in hor-
mone levels, particularly estrogen deficiency, are consi-
dered the main underlying factor contributing to the pro-
gression of CVDs in women. However, the cardiovascu-
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lar protective role of hormone therapy has not been co-
nclusively validated in clinical trials. On the contrary, to
some extent, some adverse effects have been observed.
This heterogeneity appears to be closely associated with
initial time, administration route, dosage, formulation,
and duration. Future studies are still necessary to invest-
igate the impact of these factors while taking adverse ev-
ents such as increased risk of breast cancer and venous
thromboembolism into consideration. Additionally, the
potential cardiovascular benefits of progestogen and es-
trogen-progestin therapy for patients in specific period
such as pregnancy, deserve further investigation. 
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