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Abstract: After menopause, the incidence of cardiovascular disease in women rises sharply, especially coronary artery disease (CAD),
which has become a major health concern for women worldwide. Previous perspectives have held that decreased estrogen levels are the
main cause of the elevated risk among postmenopausal women. In recent years, increasing evidence has suggested that follicle-stimulating
hormone (FSH), whose levels surge postmenopausally, may play a pivotal role in this process. This review aims to systematically summarize
current evidence from clinical and animal studies to evaluate the relationship between FSH and CAD risk in postmenopausal women,
exploring the conflicting evidence and examining its potential effects in both the pathogenesis of atherosclerosis and the regulation of
cardiometabolic risk factors. It has been confirmed by multiple studies that elevated FSH, by engaging follicle-stimulating hormone receptor
(FSHR) in the liver and inflammatory cells, disrupts lipid metabolism and exacerbates vascular inflammation, thereby promoting the
progression of CAD. Epidemiological evidence also supports this point. However, some clinical studies show contrasting evidence,
indicating that FSH might exert a protective effect in certain contexts, possibly by influencing various metabolic pathways. In conclusion,
there is increasing evidence suggesting that FSH levels play a role in the development of CAD in postmenopausal women, yet the current
body of evidence is characterized by predominantly observational study designs and inconsistent findings. Therefore, it is particularly
important for future research to further verify this association and clarify the causal relationship. By synthesizing the proposed mechanistic
pathways, this review highlights implications for future research, which can explore the potential of FSH and FSHR as biomarkers and
therapeutic targets for coronary atherosclerosis risk stratification, assessment, and intervention in this postmenopausal population.

Plain Language Summary: The risk of coronary artery disease increases significantly in women after menopause. Traditionally,
doctors have attributed this to the loss of the hormone estrogen. However, another hormone called follicle-stimulating hormone(FSH),
also rises dramatically, and a growing body of research suggests it may be an independent and important player in heart health. To
clarify this, we conducted a comprehensive review of all existing clinical and laboratory studies. By analyzing the full scope of
existing research, we find that elevated FSH appears to harm cardiovascular health through a network of interconnected effects. It can
directly impair blood vessel function, trigger inflammation, and disrupt the body’s management of fats and sugars. These disturbances
often lead to problematic conditions like high blood pressure, unfavorable cholesterol levels, and increased abdominal fat, all of which
work together to accelerate the hardening and narrowing of arteries. The scientific picture is nuanced, with some studies suggesting
potential protective aspects of FSH, indicating its role is complex and not entirely one-sided. While current evidence is compelling, it
comes largely from observational studies with some inconsistencies. Therefore, we need robust, long-term studies to confirm cause and
effect. Establishing FSH as a key player could transform how we assess heart disease risk in postmenopausal women, potentially
making it a valuable biomarker for earlier detection and a target for entirely new prevention strategies.
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Introduction

Coronary artery disease (CAD) primarily refers to heart disease caused by coronary artery atherosclerotic lesions, which lead
to the narrowing or obstruction of the vascular lumen, resulting in myocardial ischemia, hypoxia, or necrosis." According to
the “Overview of the Report on Cardiovascular Health and Disease in China”, the current number of individuals with CAD in
China is 11.39 million, and the prevalence continues to rise. Recognized risk factors for CAD include hypertension,
hyperlipidemia, diabetes, chronic kidney disease, and psychological factors related to sleep.” Previous studies have shown
that the incidence of CAD in premenopausal women is significantly lower than that in age-matched men. However, after
menopause, the incidence of CAD rises sharply, becoming similar to that in men.*> Menopause-induced hormonal changes,
particularly the decline in estrogen (E2), have long been considered a significant factor contributing to the increased risk of
cardiovascular diseases.* However, recent studies have found that elevated levels of follicle-stimulating hormone (FSH) may
play an even more important role in the development of cardiovascular diseases in postmenopausal women.’

FSH is a glycoprotein hormone secreted by the anterior pituitary, primarily regulating ovarian follicular development
and reproductive function in women.® After menopause, with the decline in ovarian function, E2 levels decrease
significantly, leading to a marked increase in FSH levels. Although the classical functions of FSH are centered on the
reproductive system, research has revealed its broader physiological reach. Functional FSHR are expressed in key
extragonadal tissues implicated in the pathophysiology of CAD, including inflammatory cells,” hepatocytes,® and
vascular endothelial cells.” By engaging these receptors, FSH directly modulates lipid metabolism, inflammatory
responses, and endothelial function.'®'" Furthermore, the persistently elevated FSH levels postmenopause may con-
tribute to hypertension by stimulating catecholamine synthesis in the adrenal medulla'? and to glucose metabolism
disorders by suppressing the cAMP/PKA signaling pathway in pancreatic B-cells,'® leading to impaired insulin secretion.
These multifaceted pathways regulated by FSH underpin its significant role in the development and progression of CAD.
This article reviews the relationship between FSH and the risk of coronary heart disease in postmenopausal women,
exploring the potential mechanisms of FSH in metabolism, inflammatory response, and vascular function regulation.
Current conclusions regarding the association between FSH and postmenopausal CAD remain divided. Major studies,
including a large-scale longitudinal cohort from the United States'* and recent analyses from China,'® associate elevated
FSH with increased CAD risk and adverse metabolic profiles. Conversely, other studies present a different perspective,
suggesting that FSH may exert protective influences on certain metabolic parameters. A multicenter randomized
controlled trial conducted in Korea reported that higher FSH levels correlated with a lower prevalence of metabolic
syndrome and more favorable lipid parameters.'® Another research has also observed an inverse correlation between FSH
levels and carotid intima-media thickness.!” While existing studies have separately revealed the association between FSH
and increased coronary heart disease risk in postmenopausal women, as well as its potential protective metabolic effects,
certain limitations remain. Currently, comprehensive reviews that systematically reconcile the inconsistent clinical
correlations of FSH with disease progression, while integrating them into a coherent pathophysiological framework,
are still limited. Moreover, the translational potential of these findings is not yet clear. For instance, whether FSH and its
receptor could function as biomarkers for risk stratification or as therapeutic targets requires further investigation.

Therefore, elucidating the complex role of FSH in CAD among postmenopausal women holds considerable clinical
significance. Postmenopausal women are a high-risk group for CAD, yet current risk assessment and prevention
strategies fail to fully address their unique pathophysiological features. A more in-depth exploration of FSH may not
only uncover novel disease mechanisms, but serum FSH levels could also act as a new biomarker for risk stratification.
Additionally, interventions targeting the FSH signaling pathway may pave new ways for the prevention and treatment of
cardiovascular diseases in postmenopausal women. This review seeks to systematically synthesize and integrate existing
clinical and basic research evidence, clarify the pathophysiological mechanisms by which FSH impacts CAD, and lay
a research foundation for its translational potential as a biomarker and therapeutic target.

Materials and Methods

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.'® The literature search was performed in two databases: PubMed and Web of
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Science. Separate search terms combined with Boolean operators were adopted for each database, as follows: PubMed:
“FSH” AND (“cardiovascular” OR “metabolic syndrome”) AND (“postmenopausal” OR “menopause” OR “postmeno-
pause”); Web of Science: “FSH” AND (“cardiovascular”) AND (“postmenopausal” OR “menopause” OR “postmeno-
pause”). The search was restricted to articles published between 2015 and 2025 (past 10 years). Inclusion criteria: Study
subjects must be postmenopausal women; english literature related to FSH and cardiovascular diseases; literature with
novel topics and viewpoints. Exclusion criteria consisted of male participants, non-English, review articles, conference
papers, books, and book chapters, and no full text available. The literature search was conducted by Zijing Wang and
Hongmei Yao. Zijing Wang independently screened titles and abstracts against the eligibility criteria and subsequently
assessed the full texts of studies meeting the inclusion standards. To ensure consistency and methodological rigor, the
screening process and inclusion decisions were discussed and verified with Hongmei Yao Data extraction was performed
by the primary reviewer Zijing Wang and cross-checked by Hongmei Yao to ensure accuracy and reliability. The study
selection process is summarized in the PRISMA flow diagram (Figure 1).
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Figure | PRISMA flow diagram. PRISMA flow diagram illustrating the identification, screening, eligibility assessment, and inclusion of studies in the systematic review.
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The Relationship Between FSH and the Risk of CAD

The following outlines current clinical and animal studies on the relationship between FSH and CAD risk.

FSH Regulation and Postmenopausal Changes

FSH plays a crucial role in gonadal development, maturation, and function. In females, it promotes follicular growth and
maturation, as well as E2 production, while in males, it supports spermatogenesis.'® FSH exerts its effects by binding to
specific receptors and activating various downstream signaling pathways. FSHR was once considered gonad-specific;*
however, recent studies have shown that it is also expressed in a range of extragonadal sites, including human
osteoclasts®' and monocytes,7 tumor vasculature and metastasis,22 liver,® and endothelial cells.”

In women of reproductive age, FSH production is controlled by gonadotropin-releasing hormone (GnRH) from the
hypothalamus and is negatively regulated by ovarian estrogen. When estrogen levels are high, FSH secretion is inhibited,
whereas when estrogen levels are low, FSH secretion is promoted. However, after menopause, with the decline in ovarian
function and a sharp decrease in estrogen levels, the inhibition of FSH secretion is lost, leading to a significant increase in
serum FSH levels.”® After menopause, FSH levels in women are typically several times, or even tens of times, higher
than those before menopause. In recent years, there has been widespread attention on whether this change is related to
changes in cardiovascular function.”* Some studies suggest that the significant increase in FSH levels may affect the

cardiovascular system through direct or indirect pathways, thereby increasing the risk of coronary heart disease.'*

Research on the Association Between FSH and CAD

Current epidemiological evidence, though limited in scope, reveals a multifaceted interplay between FSH and CAD.
A large-scale longitudinal study from the United States found women with elevated FSH levels exhibited a significantly
elevated incidence of coronary heart disease,'* with analyses showing higher FSH correlated with dyslipidemia, insulin
resistance, and abdominal obesity—critical atherogenic factors. Stefanka et al conducted a study exploring the relationship
between FSH and cardiovascular risk factors in postmenopausal women. They found that FSH levels were significantly
associated with the likelihood of developing impaired fasting glucose (IFG), diabetes, and homeostatic model assessment of
insulin resistance (HOMA-IR) > 2.0 within five years, whereas the correlation between E2 levels and these risk factors was
weaker.”® Additionally, FSH levels were significantly lower in postmenopausal women with metabolic syndrome (MetS).?’
A prospective cohort study in Canada revealed that patients treated with GnRH agonists had a higher incidence of CAD
compared to those treated with GnRH antagonists. Additionally, case-control studies have also indicated that males with
cardiovascular diseases have higher FSH/T levels.”® This difference can be attributed to the distinct mechanisms through
which these treatments affect FSH level. While both GnRH agonists and antagonists initially stimulate FSH secretion,
previous studies have shown that GnRH antagonists are more effective at suppressing FSH levels than GnRH agonists.*’
A recent cross-sectional study in China found that the risk of MetS is higher in perimenopausal women compared to
premenopausal women. In perimenopausal women, blood pressure and lipid levels are positively correlated with FSH,
independent of age and estrogen levels. Specifically, FSH was positively associated with serum total cholesterol (TC) and
low-density lipoprotein cholesterol (LDL-C) levels. This suggests that elevated FSH levels may serve as a risk factor for
MetS in perimenopausal women, potentially lead to CAD.'? Previous studies have shown that MetS and its elements are
significantly associated with a higher risk of CAD.*® Liu et al conducted separate studies on premenopausal and
postmenopausal women and found a positive correlation between FSH and fat mass index (FMI), with this correlation
being more pronounced in postmenopausal women.>' FMI is a more effective indicator of obesity, and recent studies have
also shown that it can be used to predict cardiovascular risk in young individuals.*?

However, a multicenter randomized controlled trial conducted in Korea arrived at a contrary conclusion. It found that
FSH levels were negatively correlated with cardiac metabolic risk factors, such as body mass index (BMI), body weight,
fasting blood glucose, and the prevalence of MetS, while positively correlated with high-density lipoprotein cholesterol
(HDL-C). This association remained significant even after adjusting for age, body weight, and E2, indicating that lower
FSH levels independently increase the risk of coronary artery disease (CAD) and MetS in postmenopausal women.'®
Bertone-Johnson et al also observed that, after adjusting for age, E2, and other factors, higher FSH levels in post-
menopausal women were negatively correlated with the prevalence and incidence of type 2 diabetes (T2DM).*
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Additionally, the mean carotid artery intima-media thickness (IMT) decreased as FSH levels increased.'” Lee et al
conducted a study on the relationship between FSH and MetS in postmenopausal women. They found that serum FSH
levels were significantly lower in the MetS group compared to the non-MetS group. After adjusting for age, years since
menopause, BMI, and E2, a negative correlation was observed between FSH and body fat mass (BFM) as well as
HOMA-IR.* A study conducted in China by Xu et al found that, after adjusting for confounding factors such as BMI,
age, and E2, FSH levels in postmenopausal women remained negatively correlated with LDL-C. They hypothesized that
lower FSH levels may increase the likelihood of lipid abnormalities, particularly the risk of elevated LDL-C, which is an
important factor in the increased risk of CAD in postmenopausal women.'> Huang et al found in their study of
postmenopausal women that, in the absence of significant differences in E2 levels, adiponectin was positively correlated
with FSH levels in healthy women. When GnRH agonists blocked FSH release in breast cancer patients, adiponectin
levels were significantly lower compared to those who received only tamoxifen treatment.*> Adiponectin is a cytokine
secreted by adipose tissue that has anti-atherosclerotic properties.’® Therefore, FSH may influence the risk of athero-
sclerosis through its effect on adiponectin. A cross-sectional study from East China also revealed that, in subgroups with
or without central obesity, diabetes, hypertension, hyperlipidemia, and MetS, the 10-year CAD risk in postmenopausal
women decreased as FSH quartiles increased. Concurrently, the prevalence of overweight, obesity, hyperlipidemia,
hypertension, diabetes, and MetS also declined. However, since the predictive algorithm is based on several cardiovas-
cular metabolic risk factors, including waist circumference, blood pressure, blood lipids, and diabetes, the causal
relationship remains to be clarified.”” Moreover, studies have found that lower FSH levels are associated with lower
HDL-C and higher levels of triglycerides (TG), TC, and LDL-C.*® These findings suggest that FSH levels may be an
independent risk factor for cardiovascular disease, independent of E2, age, and other factors (Table 1).

Table | Clinical Studies on the Association Between FSH and CAD

Study (Year)

Study Population and Design

Study Type

Main Findings

Sutton-Tyrrell et al (2005)"
Stefanka et al (2014)%’
Bertone-Johnson et al (2017)*
Wang et al (2017)%
Bertone-Johnson et al (2018)"7

Stefanka et al (2019)%
Huang et al (2020)*

Zhang et al (2020)'?
Eun-Soo et al (2020)'¢

Xu et al (2022)'®
Liu et al (2023)*"'
Lee et al (2023)**

Zhang et al (2023)*

Duivenvoorden et al (2024)*

3,302 women aged 42-52 years
288 postmenopausal women:

® |35 with MetS

® |53 without MetS

588 postmenopausal women aged
53-73 years

2,658 postmenopausal women

587 Postmenopausal women aged
53-73 years

|14 postmenopausal women

408 postmenopausal women:
non-BrCa: n=261

BrCa: n=88

BrCa-Gn: n=59

154 premenopausal women
124 perimenopausal women

608 postmenopausal women

411 postmenopausal women
1329 women aged 35-60 years

219 postmenopausal women:
® 82 with MetS
® |37 without MetS

1,795 women aged 255 years
63 Prostate cancer men with CVD

838 men without prior cardiac
surgery

Longitudinal

Case-control

Prospective

Cross-sectional

Prospective

Prospective

Cross-sectional

Cross-sectional

RCT

Cross-sectional
Cross-sectional

Cross-sectional

Cross-sectional
Prospective

Case-control

Elevated FSH increase CAD risk.

FSH is lower in women with MetS.

Higher FSH inversely correlates with T2D incidence.

Higher FSH quartiles associated with lower calculated 10-year CAD
risk.

Mean IMT decreased with increasing FSH levels.

FSH is associated with increased IFG and T2D risk.

FSH positively associates with adiponectin.

FSH positively correlated with TG and BP in perimenopausal women.

Higher FSH improve cardiac metabolic risk factors, including BMI,
systolic BP, and TG.

FSH levels were negatively associated with LDL-C.
Elevated FSH is linked to increased FMI.
FSH negatively correlates with BMI, VFA, BFM; lower in MetS.

FSH positively correlated with TG, TC, and LDL-C.
GnRH agonists raise FSH and CVD event rates.
The FSH/T ratio was increased in men with CVD.

Notes: Clinical studies on the correlation between FSH and the risk of CAD, indicating that the association between FSH and the risk of CAD remains controversial.

Abbreviations: FSH, follicle-stimulating hormone; CAD, coronary artery disease; MetS, metabolic syndrome; T2D, type 2 diabetes; IMT, intima-media thickness; IFG,
impaired fasting glucose; BrCa, breast cancer; Gn, gonadotropin-releasing hormone analog; TG, triglycerides; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol;
FMI, fat mass index; BMI, body mass index; VFA, visceral fat area; BFM, body fat mass; TC, total cholesterol; CVD, cardiovascular disease; FSH/T, follicle-stimulating hormone
to testosterone ratio.
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Recent animal studies have also focused on the role of FSH and its relationship with coronary atherosclerosis and
associated risk factors. Piao et al demonstrated in animal experiments that FSH plays a role in exacerbating
atherosclerosis.”> Similarly, another animal study showed that elevated FSH levels are responsible for the accelerated
atherosclerosis observed in mice following castration. Mechanistically, FSH increases the expression of vascular cell
adhesion molecule 1 (VCAM-1) through signal transduction, promoting endothelial inflammation and subsequently
increasing the risk of coronary artery disease.'' Recent animal experiments in China have demonstrated that FSH induces
endothelial-mesenchymal transition (EndMT) and atherosclerotic plaque formation in ApoE-/- mice.** The aberrant
occurrence of EndMT has been identified as a key driver of endothelial dysfunction and atherosclerosis.*” Guo et al
conducted a series of animal experiments and found that when the E2 levels were comparable across the experimental
groups, mice receiving exogenous FSH exhibited elevated FSH levels, along with significant increases in serum TC,
LDL-C, and free cholesterol (FC) concentrations. In contrast, mice treated with FSHP antibody (FSHAb) showed
a significant reduction in serum TC levels. These findings suggest that FSH can independently affect lipid levels in
the body by binding to the FSHR, and this effect can be reversed by blocking FSH.*' Yu et al conducted animal
experiments and found that in ovariectomized (OVX) mice receiving physiological doses of estrogen to simulate normal
estrogen levels, exogenous FSH administration fully reversed the decline in renin, angiotensin II, and blood pressure.
This effect may be due to FSH stimulating the FSHR on juxtaglomerular cells, promoting renin secretion, which leads to
vasoconstriction and increased aldosterone secretion, ultimately elevating blood pressure and triggering a series of
physiological responses.*> Wu et al found that in OVX mice receiving estrogen supplementation, elevated levels of FSH
significantly increased cortisol and blood pressure. Furthermore, administration of a gonadotropin-releasing hormone
analogue (GnRHa) to stimulate FSH production resulted in a further rise in both cortisol and blood pressure.** These
findings provide strong evidence for the potential role of FSH in the development of CAD and further demonstrate that
FSH can exert its effects independently of E2 (Table 2).

Table 2 Animal Studies on the Association Between FSH and CAD

Study (Year)

Animal Model

Study Design

Main Findings

Guo et al (2019)*'

Yu et al (2022)*

Han et al (2022)*

Wang et al (2024)"

C57BL/6 mice

C57BL/6 mice
C57BL/6 mice
C57BL/6 mice

C57BL/6 mice

ApoE "~ C57BL/6 mice

ApoEfl* mice

Sham (n=12)

EG:

® OVX (n=10)

® OVX + E2 (n=10)

® OVX + E2 + L-FSH (n=10)

® OVX + E2 + H-FSH (n=10)

CG: OVX + E2 (n=6)

EG: OVX + E2 + GnRHa (n=6)

CG: OVX + E2 + IgG + FSH (n=6)
EG: OVX + E2 + FSHAb + FSH (n=6)
CG: Fshr** mice + OVX + FSH (n=10)
EG: Fshr"mice + OVX + FSH (n=10)
Sham (n=10)

EG:

® OVX (n=10)

® OVX + GnRHa (n=10)

® OVX + E2 + FSH (n=10)

Saline (n=3)

EG:

® FSH-2w (n=4)

® FSH-12w (n=3)

Sham (n=2)

EG:

®  Orchiectomy (n=2)

® Orchiectomy + T (n=3)

® Orchiectomy + T + FSH (n=3)

FSH intervention significantly elevated TC, LDL-C, and FC
levels.

GnRHa reduced FSH, TC, LDL-C, and FC levels.

FSHADb intervention significantly decreased TC levels.

Fshr-/- mice showed reduced TC and LDL-C levels.

Elevated FSH increases serum renin, angiotensin Il, and blood
pressure.

FSH increased plaque area and disrupted plaque stability.

High FSH levels worsened endothelial inflammation and
accelerated atherosclerosis.

(Continued)
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Table 2 (Continued).

Study (Year) Animal Model Study Design Main Findings

Duivenvoorden et al (2024)28 FSHB/:LDLR™" mice Key Comparison: Serum FSH levels are correlated with plaque size and
® CG macrophage infiltration.
® EG: +FSH

Wu et al (2025)43 C57BL/6 mice Sham (n=10) Elevated FSH increased cortisol and BP levels.
EG:

® OVX (n=10)

® OVX + GnRHa (n=10)
® OVX + E2 + FSH (n=10)

Notes: Animal studies on the correlation between FSH and the risk of CAD, indicating that FSH increases the incidence of CAD by affecting various risk factors associated.
Abbreviations: EG, experimental group; CG, control group; OVX, ovariectomy; E2, estrogen; FSH, follicle-stimulating hormone; TC, total cholesterol; LDL-C, low-density
lipoprotein cholesterol; FC, free cholesterol; GnRHa, gonadotropin-releasing hormone agonist; FSHADb, anti-FSHp antibody; T, testosterone; BP, blood pressure.

Sources of Heterogeneity Across Studies

The current evidence regarding FSH and the risk of coronary heart disease in postmenopausal women presents notable
contradictions. This heterogeneity is not coincidental but stems from multi-level differences in study design, population
characteristics, methodology, and analytical models. A systematic analysis of these differences is crucial for under-
standing the complex biological role of FSH and for integrating conflicting findings. Research supporting the role of FSH
in exacerbating CAD in postmenopausal women is not limited to cross-sectional studies but also includes high-quality
prospective designs. For instance, longitudinal studies conducted in diverse populations in the United States'* and
a prospective cohort study in Poland®® have identified a positive correlation between FSH levels and coronary artery
disease, as well as cardiovascular metabolic risk factors, through long-term follow-up, large sample sizes, and clear
timelines. These studies, along with findings from animal experiments demonstrating the role of FSH in promoting
atherosclerosis, provide a mutually validating framework that connects clinical observations with mechanistic explana-
tions. However, the studies supporting the potential protective role of FSH on cardiometabolic factors exhibit significant
variability in evidence quality. While one of these studies is a rigorously designed multicenter randomized controlled trial
from Korea,'® its conclusions have limited generalizability due to the constraints of the research context. This study
involved a strictly selected cohort of postmenopausal female volunteers from Korea, whose health status and metabolic
characteristics do not accurately represent those of the general community population. The analysis was essentially
a secondary exploration based on existing clinical trial data, rather than a prospective study specifically designed to
examine the relationship between FSH and CAD risk, thus imposing limitations on causal inference. Most other studies
supporting a protective role for FSH adopt a cross-sectional design, which fails to establish the temporal sequence
between FSH and metabolic indices and is susceptible to selection bias. These factors collectively represent an important
source of inconsistency in the current research conclusions.

Studies show notable heterogeneity in the racial and geographic composition of their populations. Prospective cohorts
from the United States, such as SWAN and NHANES, include racially diverse populations. Their findings consistently
show that higher FSH levels are associated with an increased risk of CAD, and these results are more readily general-
izable to broader populations. In contrast, reports of an inverse relationship between FSH and metabolic parameters often
come from racially and geographically homogeneous samples. These include healthy, stringently screened clinical trial
volunteers in South Korea and the Eastern Finnish community cohort study,'” where population specific characteristics
may limit external validity. Methodological variation in the definition of menopausal status and in the handling of other
hormonal influences further complicates comparisons across studies. The work by Stefanska and colleagues”® used clear
and consistent criteria and therefore provides more reliable inferences. In many cross sectional studies from China,'>3?
menopause is classified only by the duration of amenorrhea and no uniform FSH threshold is applied for confirmation.
The East China study®’ even further combined naturally and surgically menopausal women in its analysis. Control of key
covariates, including baseline estrogen levels and prior hormone therapy, is also inconsistent, leaving considerable scope
for residual confounding. Differences in baseline health status add another layer of complexity. The Korean randomized
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controlled trial, for example, enrolled strictly healthy volunteers, so the associations observed may not be directly
applicable to community based populations of women who already have metabolic disturbances.

Regarding FSH assay methodology, studies generally employed chemiluminescent immunoassays for measurement,
ensuring data reliability. However, the use of different detection platforms, with their distinct antibody characteristics and
calibration standards, makes direct comparison of absolute values challenging. Furthermore, FSH exhibits a pulsatile
secretion pattern. The vast majority of studies rely on a single fasting FSH measurement to represent an individual’s
long-term exposure level, while only a very limited number of prospective designs incorporate repeated measurements.
This single-point approach may introduce random measurement error, thereby attenuating true association strength or
contributing to inconsistent findings. Existing research predominantly relies on relative classification of FSH levels
within their respective study cohorts for analysis, rather than employing a universally applicable, pathologically mean-
ingful absolute concentration threshold. This approach substantially limits the ability to compare conclusions uniformly
across studies.

The substantial heterogeneity across studies likely explains the discrepancies in current findings. Future research
should prioritize prospective, multi-center, multi-ethnic cohort studies with refined stratification for menopausal status
and hormone therapy history. Study designs should account for FSH’s pulsatile secretion by using repeated measure-
ments to derive average values. Standardizing FSH assay protocols across research centers is also necessary. In statistical
analyses, variables like BMI and estrogen should be examined not just as confounders, but also as potential mediators to
more accurately delineate how FSH exerts its effects. Furthermore, future investigations should identify potential
pathological FSH thresholds related to CAD, rather than relying solely on relative rankings within study populations.

In conclusion, current research mainly focuses on the association between FSH and CAD in postmenopausal women,
along with the potential risk factors involved. Most studies, after adjusting for confounders such as age, menopausal
duration, and E2 levels, still find significant positive or negative correlations between FSH and CAD, atherosclerosis, and
related risk factors. Animal studies suggest that changes in FSH levels may influence the progression of atherosclerosis
and are closely related to lipid metabolism and vascular function. However, most existing studies have been conducted in
China, which limits the global generalizability of the findings, and these studies generally share several common
limitations. Most studies are cross-sectional or retrospective, making it difficult to assess the temporal relationship
between changes in FSH levels and corresponding outcomes, thus preventing the establishment of causality; the sample
sizes in existing studies are small, with homogeneous study populations that were not randomly selected and a lack of
multi-racial and multi-center comparisons, making the findings potentially not fully representative of the general
postmenopausal female population; existing studies generally evaluate FSH levels at a single time point, but since
FSH is released in pulses with a frequency of every 1 to 4 hours, this may affect measurement accuracy, limiting the
ability to assess the impact of FSH fluctuations on the outcomes; the age range of study populations is narrow; and
certain special groups, such as women with premature ovarian failure, have not been included, which limits the
generalizability of the results. The threshold of FSH and its underlying mechanisms remain insufficiently explained,
and the potential influence of other sex hormones, such as luteinizing hormone and androgens, on FSH levels has not
been considered. Therefore, the relationship between FSH and the risk of CAD in postmenopausal women still requires
further research for confirmation. Future research should focus on large-scale, multi-center, randomized controlled trials
across different geographical regions and ethnic groups, while exploring the mechanisms by which FSH affects CAD and
its related risk factors.

The Potential Role of FSH in the Pathogenesis of Coronary Heart Disease
The following explores the potential pathological mechanisms through which FSH may influence the development and
progression of cardiovascular diseases.

Structural and Signaling Basis of FSHR

As a member of the glycoprotein hormone family, FSH exerts its physiological effects through its specific receptor,
FSHR. FSHR is a classic class A G protein-coupled receptor (GPCR). Its structural characteristic includes a large
extracellular domain (ECD) composed of leucine-rich repeats (LRR), which is connected to a seven-transmembrane
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domain via a hinge region and is responsible for high affinity and specificity in recognizing FSH.*> Cryo-electron
microscopy studies have revealed that in the activated state, the extracellular domain of FSHR adopts an almost vertical
conformation. Upon FSH binding, key sequences in the hinge region become ordered and form specific interactions with
the hormone, driving a rigid rotation of the entire extracellular domain. This movement translates the chemical signal into
conformational changes in the transmembrane region, ultimately opening the G protein binding pocket and initiating
downstream signaling cascades such as cAMP.*® This model has been supported by independent research. An integrative
study combining chemical cross-linking and computational modeling indicated that due to the stabilizing effect of
disulfide bonds, the conformation of the hinge region is relatively rigid, making large-scale rearrangements unlikely. This
confirms that the key step in transmembrane signaling is the overall rotation of the ECD, rather than local distortion of
the hinge region.*” This precise structural activation mechanism not only serves as the structural basis for the activation
of the classic Gas/cAMP/PKA pathway but also likely provides the physical premise for achieving signal bias and
producing tissue-specific effects.

For a long time, the action of FSH has been considered mainly mediated by this classic pathway.*® However, it has
been discovered that the FSHR gene can produce various receptor subtypes through alternative splicing, among which
the full-length FSHR1 and the truncated FSHR3 are representative. FSHR1 is a typical GPCR, primarily mediating the
Gas/cAMP/PKA pathway to regulate reproductive functions, while FSHR3 exhibits a structure more akin to growth
factor receptors, with a signaling bias towards activating proliferation pathways such as MAPK.** This fundamental
difference in signaling output provides a crucial explanation for how FSH mediates different or even opposing biological
effects in gonadal and extragonadal tissues. In gonadal tissues, it mainly regulates metabolism and differentiation through
FSHR1; whereas in extragonadal sites such as vascular endothelium, adipose tissue, and liver, FSHR3 and other subtypes
may dominate, directing FSH stimulation towards promoting inflammation, cell proliferation, and lipid synthesis,
potentially leading to atherosclerosis.

Furthermore, studies indicate that activated FSHR can connect to a complex signaling network that includes Gai,
Gaq, and B-arrestin. Different ligands or variations within the receptor itself can selectively stabilize specific active
conformations of FSHR, favoring the activation of certain downstream pathways rather than uniformly activating all
signals.*® This theory has received direct pharmacological evidence support, as research has found that different small-
molecule allosteric ligands acting on the same FSHR can stabilize distinct receptor conformations, thereby selectively
activating specific pathways. For example, compound B3 exhibits super agonist activity in recruiting p-arrestin 2, while
compound B1 significantly favors the Goas/cAMP pathway. In contrast, endogenous FSH acts as a balanced agonist,
relatively uniformly activating multiple pathways. Such bias is also reflected in the dynamics of signaling and directly
influences downstream functional outputs, such as transcriptional activity dependent on cAMP response elements.>”
Therefore, the signaling output of FSHR is not solely determined by ligand concentration but rather depends on the
inherent biased characteristics of the ligand and the complex interactions with the local microenvironment of the tissue.
This provides a critical molecular and pharmacological framework for understanding the contradictory roles of FSH as
a risk factor for atherosclerosis in postmenopausal women, with some studies showing its association with protective
metabolic parameters.

Future research should move beyond a singular focus on circulating FSH levels and delve deeper into the expression
profiles of dominant FSHR subtypes in target tissues and the specific signaling networks they mediate, to more accurately
elucidate the complex role of FSH in cardiovascular diseases.

Impact on Lipid Metabolism

A pivotal factor in the progression of atherosclerosis is lipid metabolism dysregulation. Under the influence of various
risk factors, metabolic disturbances occur, impairing the body’s ability to effectively clear or suppress excessive
cholesterol production, which ultimately leads to pathological accumulation within the vascular walls and subsequent
atherosclerotic development.”’ LDL-C, as the primary carrier of cholesterol, is one of the risk factors for
atherosclerosis.”® In contrast, HDL-C exerts a protective effect on the cardiovascular system by facilitating reverse
cholesterol transport.”® Studies have shown that elevated FSH levels are closely associated with lipid metabolism
disturbances in postmenopausal women. An animal experiments further demonstrate that FSH reduces the degradation
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of LDL-C by inhibiting the expression of LDL receptor (LDLR) in liver tissue.* Furthermore, another animal
experiment revealed the presence of FSHR in the liver, where FSH binds to FSHR on hepatocytes, activating the sterol
regulatory element-binding protein (SREBP), which subsequently upregulates the expression of HMG-CoA reductase.*'
HMG-CoA reductase is a key enzyme in hepatic cholesterol biosynthesis, and its overexpression is linked to excessive
cholesterol production.”®> Additionally, a study suggest that FSH activates Gai proteins through binding to FSHR, thereby
regulating intracellular Ca®" concentrations. This signaling pathway ultimately activates the cAMP response element-
binding protein (CREB) transcription factor, which regulates fat accumulation and its redistribution in the abdominal and
visceral areas.’® Liu et al confirmed the presence of FSHR protein in both white and brown adipose tissues of mice
through immunostaining. Their study demonstrated that FSHR inhibits cAMP production and stimulates the expression
of adipogenesis-related genes fatty acid synthase (Fas) and lipoprotein lipase (Lpl), resulting in an increase in fat
accumulation in mice.”” Cui et al reported that FSH treatment enhanced the expression of genes involved in fatty acid
metabolism, retinol metabolism, and peroxisome proliferator-activated receptor (PPAR) signaling pathways, leading to
an increase in abdominal fat weight and lipid accumulation in adipocytes in chickens.’® Therefore, women with elevated
FSH levels often exhibit higher cholesterol and LDL-C levels, along with lower HDL-C levels. This may contribute to
the development of atherosclerosis, subsequently increasing the risk of coronary heart disease.

Regulation of Inflammatory Response

Another key factor in the development of atherosclerosis is the dysregulation of the inflammatory response. Recent
studies suggest that FSH may influence cardiovascular health by regulating inflammatory responses. This could
potentially contribute to the progression of atherosclerosis through mechanisms that involve immune cell activation,
cytokine release, and endothelial function. Mouse studies have shown that the FSHR is expressed in various inflamma-
tory cells, including macrophages, monocytes, and neutrophils. FSH can promote the expression of VCAM-1 through the
FSHR/GaS/cAMP/PKA pathway. This, in turn, contributes to the recruitment, migration, and differentiation of foam
cells, as well as the promotion of monocyte release of the inflammatory cytokine IL-6. Together, these processes
contribute to the progression of atherosclerosis."' FSH can also promote the expression of IL-1B in macrophages,
increasing the macrophage’s chemotactic migration ability toward MCP-1. This process contributes to the development
of atherosclerosis by facilitating the recruitment and activation of inflammatory cells at the site of vascular injury, thus
exacerbating the inflammatory response in the arterial wall.** In addition, FSH upregulates the expression of genes
related to inflammation, such as Ms4ada, CD68, and Ms4a7, leading to excessive activation of the sympathetic nervous
system in mice. This promotes an increase in extramedullary monocytic cells, resulting in the enhanced infiltration of
monocyte-derived macrophages into vascular and myocardial tissues. Such processes further aggravate endothelial injury
and are considered early events in the development of coronary heart disease.’”

Direct Vascular Effects

Beyond lipid metabolism abnormalities and inflammatory responses, vascular endothelial dysfunction or impairment
predisposes arteries to a hyperconstricted state. This pathophysiological condition blood vessels hypersensitive, where
even minor stimuli can trigger exaggerated vasoconstrictive responses or vasospasm, leading to cardiac ischemia,®
which may precipitate clinical events including angina pectoris and myocardial infarction. Recent in vitro cell studies and
animal experiments have shown that FSH receptors are not only expressed in the reproductive system but are also widely
distributed in various extragonadal tissues. For instance, FSH can stimulate the FSHRs on zona fasciculata cells of mouse
adrenal glands and ATC7 cells, inducing cortisol secretion in Vitro;43 FSH binds to FSHRs on osteoclasts in mice,
promoting osteoclast energy metabolism through the CREB-MDH2-NAD+ axis, thereby exacerbating bone loss.’’
FSHRs are also expressed in the human endometrium, where they are functionally active and may regulate endometrial
cell function.®> FSHRs are also expressed in atherosclerotic plaques in the carotid, coronary, and femoral arteries.®®
These receptors have also been detected in muscle tissue, although their precise role remains unclear.”* In mouse
chondrocytes, these receptors promote cell proliferation and maturation.®® In the mouse cortex and hippocampus, FSHR
expression is linked to the onset of Alzheimer’s disease (AD) and cognitive impairments.®® In human breast cancer cells,
FSHRs enhance their survival and proliferation.®” In a prospective study, Chen et al found that FSH promotes atrial
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fibrosis in postmenopausal women with atrial fibrillation through oxidative stress. Furthermore, the inhibition of FSHR in
the atria of mice significantly reduced the cumulative incidence of atrial fibrillation.®® However, the majority of the
aforementioned studies were conducted on subjects other than postmenopausal women, making it essential to further
investigate the role of FSHRs in this population. FSHR has been identified in endothelial cells and cardiomyocytes.®
Elevated levels of FSH may affect endothelial function by binding to these receptors, leading to impaired vasoconstric-
tive function and subsequently increasing the risk of coronary artery disease. Previous studies have detected FSHR
transcripts and FSHR protein in human umbilical vein endothelial cells (HUVECs).”"”" Consequently, Rocca et al
performed further cellular experiments using HUVECs to validate the effects of FSH on endothelial cells.'® FSH exerts
dual mechanisms on vascular endothelial cells: (1) facilitating calcium ion release via opening IP3-sensitive calcium
channels, and (2) stimulating nitric oxide (NO) production. The concerted actions of calcium signaling and NO on human
umbilical vein endothelial cells (HUVECs) modulate the organization of vascular endothelial cadherin (VE-cadherin) in
murine vasculature. Functionally intact VE-cadherin is essential for promoting intercellular adhesion, thereby safe-
guarding endothelial barrier integrity.”> Therefore, altered expression or mislocalization of this protein may impair
endothelial integrity. In experimental settings, thFSH stimulation induced disrupted spatial organization of VE-cadherin,
resulting in diminished intercellular adhesive junction integrity within the vascular endothelium. These findings demon-
strate that elevated FSH levels may compromise endothelial barrier function, potentially contributing to coronary artery
disease pathogenesis (Figure 2).

The Impact of Cardiac Metabolic Risk Factors

Unhealthy lifestyle habits can lead to multiple cardiac metabolic risk factors, which interact with each other and further
increase the risk of CAD. Therefore, in addition to the previously mentioned lipid metabolism, there are numerous
studies focusing on other cardiac metabolic risk factors. Regarding blood pressure, a 10-year prospective study found that
with the progression of menopause in women, FSH levels increased from 7.7 IU/L at baseline to 65.3 IU/L after 10 years,
and both systolic and diastolic blood pressures tended to rise. In addition, adverse changes were also observed in lipid
levels and glycated hemoglobin.”® Animal studies have also concluded that the increase in FSH is associated with
elevated blood pressure in postmenopausal women. This study further proposed the intracellular mechanism by which
FSH promotes catecholamine synthesis in PC12 cells and chromaffin cells of the adrenal medulla in rats.”

Numerous clinical studies have demonstrated a significant increase in the prevalence of T2DM among postmeno-
pausal women.”>"’The decline in E2 levels partially accounts for the development of diabetes after menopause.”® In
clinical practice, we have observed that E2 replacement therapy does not completely eliminate this risk.” Therefore,
Cheng et al studied the relationship between FSH levels and T2DM in postmenopausal women and confirmed that
elevated serum FSH levels are positively correlated with the diabetes risk in this population. The pathogenic mechanism
involves dual signaling regulation. Through experiments on human pancreatic B-cells, the FSHR was identified as
exhibiting a dose-dependent bidirectional regulation in response to FSH stimulation. Under physiological conditions,
FSH activates the cAMP/PKA and calcium signaling pathways via Gas protein coupling, promoting glucose-stimulated
insulin secretion. However, under conditions of FSH overload (greater than 40 IU/L), the receptor switches to Gai protein
coupling, significantly inhibiting the cAMP/PKA signaling pathway, thereby leading to defects in insulin secretion.'
Therefore, prolonged exposure to high FSH levels can lead to insulin deficiency, ultimately progressing to T2DM.

An increase in FSH levels has been shown to be a major risk factor for the progression of obesity in postmenopausal
women.*® The metabolic reasons behind FSH-induced obesity are multifaceted, including the lipid metabolism abnorm-
alities and impaired insulin secretion leading to glucose metabolism dysfunction, as mentioned earlier. However, the
primary factor contributing to the progression of obesity is the accumulation of fat. FSH has been confirmed to promote
fat generation, particularly visceral fat, leading to central obesity characterized by abdominal fat accumulation.®” In white
adipose tissue, activation of the downstream FSHR elevates intracellular cAMP levels, thereby activating protein kinase
A (PKA). PKA phosphorylates a cascade of transcription factors, which upregulate the expression of adipogenic genes—
including LPL, FAS, and peroxisome proliferator-activated receptor gamma (PPARy)—in white adipose tissue. This
molecular cascade promotes the maturation of preadipocytes into functional adipocytes, enabling their lipid synthesis and
storage capabilities.”® In beige adipose tissue, FSHR couples with the Gai protein. Goi signaling reduces intracellular
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Figure 2 Pro-Atherogenic and Potentially Protective Mechanisms of FSH in CAD.

Notes: Dual mechanisms of FSH in the development of CAD. (A—C) Pro-atherogenic mechanisms: (A) FSH increases hepatic cholesterol synthesis and inhibits LDL-C
clearance; (B) FSH promotes inflammation via cytokine release and adhesion molecule expression; (C) FSH compromises endothelial integrity. (D—F) Potentially protective
mechanisms: (D) Physiological FSH levels enhance pancreatic B-cell insulin secretion in response to glucose; (E) FSH upregulates adiponectin secretion from adipocytes; (F)
FSH correlates with favorable metabolic profiles, including increased HDL-C and reduced triglycerides. The figure was created by Figdraw and is original.
Abbreviations: FSH, follicle-stimulating hormone; CAD, coronary artery disease; FSHR, Follicle-Stimulating Hormone Receptor; LDL-C, low-density lipoprotein
cholesterol; GRCPs, G protein-coupled receptors; IP3, inositol triphosphate; CaM, calmodulin; NOS, nitric oxide synthase; TG, triglycerides; HDL-C, high-density
lipoprotein cholesterol.

cAMP levels, thereby suppressing the activation of mitochondrial uncoupling protein-1 (UCP1). UCP1, a master
regulator of beige adipose tissue, normally enhances ATP production and oxidative processes in mitochondria when
activated. This thermogenic mechanism enables beige adipocytes to catabolize stored lipids and elevate metabolic rates.
FSH reduces fat tissue expenditure by blocking the activation of UCP1, leading to fat accumulation. This process can
ultimately result in the development of obesity.®'
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Integration of Mechanistic and Clinical Evidence

Numerous clinical studies have observed that elevated levels of FSH in postmenopausal women are associated with an
increased risk of CAD and adverse cardiac metabolic characteristics. This mainstream finding aligns closely with basic
research revealing the mechanisms by which FSH promotes atherosclerosis. In terms of lipid metabolism, clinical
investigations consistently report that high FSH levels correlate with elevated TC and LDL-C. This directly corresponds
to mechanistic studies indicating that FSH binds to FSHR in hepatocytes, activating the SREBP-2/HMGCR pathway,*!
thereby enhancing cholesterol synthesis in the liver while inhibiting the expression of LDLR, resulting in reduced
clearance of LDL-C. Furthermore, the association between FSH and increased visceral fat along with abdominal obesity
can be explained by its action in adipose tissue. FSH interacts with FSHR in white adipose tissue, inhibiting cAMP
production and upregulating genes related to fat synthesis, thus directly promoting fat accumulation; in beige adipose
tissue, FSH decreases energy expenditure by inhibiting UCP1-mediated thermogenesis.

FSH can activate inflammatory cells such as monocytes and macrophages, leading to the expression and release of
inflammatory factors like VCAM-1, IL-6,'" and IL-1B,** which exacerbate the inflammatory response within the vascular
wall and further worsen atherosclerosis, consequently increasing CAD risk. The mechanisms linking elevated blood
pressure and insulin resistance to CAD risk have also been supported: FSH stimulates the adrenal medulla to synthesize
catecholamines and induces juxtaglomerular cells to secrete renin, resulting in hypertension; in pancreatic beta cells, high
levels of FSH switch to a Gai signaling pathway, inhibiting the cAMP/PKA pathway and leading to impaired insulin
secretion. These multi-level evidences, ranging from cellular models to population studies, collectively form the
pathophysiological basis for FSH’s role in driving atherosclerosis development.

Some studies have reported protective effects of FSH on cardiac metabolic markers; however, this does not negate the
aforementioned mechanisms promoting atherosclerosis, but can be understood through the complexity, bias, and tissue
specificity of the FSHR signaling pathway.*® Under certain metabolic contexts, FSH may produce seemingly beneficial
signals in specific tissues. For instance, FSH may transiently activate the Gas/cAMP pathway in pancreatic beta cells,
momentarily enhancing insulin secretion, which might be reflected as a protective effect in cross-sectional studies. In
summary, the inconsistencies observed in clinical findings highlight the multifaceted and context-dependent nature of
FSH’s actions. Chronic exposure to elevated levels of FSH can promote the development of atherosclerosis through
pathways involving enhanced lipid synthesis, inflammation, endothelial damage, and metabolic disturbance. Those
seemingly contradictory clinical associations may reflect the temporary activation of different signaling pathways
under specific subpopulations or conditions. Therefore, this integrative understanding strongly suggests that future
research should extend beyond merely measuring circulating FSH levels to investigate the expression profiles of
dominant FSHR isoforms in target tissues and their specific signaling networks, combined with genetic backgrounds
and metabolic phenotypes, to more accurately assess individualized CAD risk, elucidate the complex role of FSH in
cardiovascular disease, and explore intervention strategies targeting specific FSHR signaling pathways (Table 3).

Unresolved Questions and Future Directions
Elevated FSH levels influence cardiovascular health through several mechanisms, including disruption of liver choles-
terol metabolism, activation of inflammatory responses, and impairment of endothelial function, all of which contribute
to atherosclerosis. Furthermore, the contradictory conclusions observed in clinical studies may be related to the biological
characteristics of FSH receptors, including signaling bias where different FSHR receptor subtypes activate distinct
intracellular pathways that lead to varying biological outcomes and tissue specificity which refers to the distribution of
FSHR receptors in different tissues affecting how FSH exerts its effects. Additionally, these conclusions may be
influenced by confounding factors such as the baseline cardiac metabolic health status and ethnic characteristics of the
studied population. This review contributes to gradually revealing the complex role of FSH in cardiovascular diseases.
Current research largely shares several key limitations. First, most studies are observational or cross-sectional in
design, making it impossible to clearly establish causal relationships between FSH levels and CAD. Second, there is
considerable heterogeneity in trial design, definitions of menopausal status, FSH detection protocols, and control of
confounding factors across studies. Third, known risk factors for CAD, such as smoking and chronic kidney disease,
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Table 3 Comparison of Clinical and Mechanistic Evidence

Aspects Key Clinical Associations Mechanistic Evidence
Lipid Metabolism Elevated FSH is positively correlated with higher TC, LDL-C, and TG.'? | Activates hepatic SREBP2/HMGCR, increasing cholesterol
FSH levels were negatively associated with LDL-C."” synthesis.‘H

Inhibits hepatic LDLR, decreasing LDL-C clearance.”'
Promotes adipogenesis in white adipose tissue.””

Inflammation FSH is linked to chronic inflammatory states, notably obesity and Binds immune cell FSHR, raising VCAM- I, IL-6, IL-1B."
metabolic syndrome.?”3* Increasing macrophage plaque infiltration.?®
Glucose Metabolism Elevated FSH is associated with increased risk of IFG and T2D.2 Biphasic, dose-dependent effect on pancreatic B-cells:'?
Higher FSH inversely correlates with T2D incidence.®® Physiological FSH enhances insulin secretion via Gos.
High FSH inhibits secretion via Gai.
Blood Pressure Elevated FSH is positively correlated with higher blood pressure.|2 Stimulates adrenal catecholamine synthesis.43
Activates the renal renin-angiotensin system.*?
Adiposity Elevated FSH is associated with increased visceral fat and FMI.?' Promotes white adipocyte differentiation and lipid storage.
Suppresses thermogenesis in beige fat by inhibiting ucP| 56
Direct Atherogenic Effect | Elevated FSH is associated with increased CAD risk.'* Accelerates atherosclerotic plaque formation and increases
Elevated FSH is associated with decreased carotid IMT.'"” plaque instability.”®

Compromises endothelial barrier integrity.Io

Notes: Comparison of key clinical associations and corresponding mechanistic evidence underlying the link between FSH and CAD as well as related cardiometabolic risk
factors.

Abbreviations: TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; LDLR, low-density lipoprotein Receptor; FSHR, follicle-stimulating
hormone receptor; IFG: impaired fasting glucose; T2D: type 2 diabetes; FMI: fat mass index; UCPI: uncoupling protein I; IMT: intima-media thickness.

have not been adequately considered, necessitating further investigation into their impact on the relationship between
FSH levels and CAD risk. Finally, the geographical concentration of existing studies limits the generalizability of
findings. A significant portion of clinical research comes from single populations, particularly in China. While these
results provide important insights for this specific group, factors such as FSHR genetic polymorphisms and lifestyle
differences may influence the relationship between FSH and CAD across ethnicities. Validating these associations in
diverse multi-ethnic cohorts is essential for future research.

Although no FSH/FSHR-targeted therapies currently exist for cardiovascular diseases, compelling preclinical evi-
dence from related fields supports their therapeutic potential. For instance, monoclonal antibodies that block FSH action,
such as HF2°” and Hu6,* activate thermogenesis in adipose tissue, reduce fat accumulation, improve lipid profiles, and
increase energy expenditure in obese mouse models. Mechanistic studies indicate that FSH promotes liver cholesterol
synthesis through the FSHR/Gi2a/p-arrestin-2/Akt/SREBP-2 pathway,*' suggesting that blocking this pathway could
prevent hypercholesterolemia. The humanized FSH-blocking antibody MS-Hu6 has demonstrated efficacy in osteoporo-
sis models by inhibiting bone resorption® and alleviating neuroinflammation and amyloid pathology in Alzheimer’s
disease models.®* These findings support the clinical significance of interventions targeting the FSH pathway, providing
a foundation for its application in cardiovascular diseases.

This potential new approach contrasts with the primary intervention for managing cardiovascular risk in postmeno-
pausal women, hormone replacement therapy (HRT). Hormone replacement therapy (HRT) remains the primary inter-
vention for managing cardiovascular risk in postmenopausal women, several previous studies have indicated that
initiating HRT during the perimenopausal or early postmenopausal period can alleviate vasomotor and urogenital
symptoms,® and significantly reduce the risk of osteoporotic fractures.*® Some evidence suggests that HRT may also
offer protective effects on cardiovascular health by improving lipid profiles and lowering blood pressure.®’ Certain
studies have shown that HRT does not significantly affect lipid levels in some women and may lead to lipid metabolism
disturbances.®® Findings by Gu and others suggest that while HRT may improve arterial dilation, it does not significantly
reduce all-cause mortality or the incidence of cardiovascular events.®® These uncertainties highlight the value of
exploring non-estrogen-dependent targets like FSH. Unlike HRT, which aims to supplement what is lacking, targeting
the FSH pathway focuses on mitigating abnormally activated signals, potentially providing a more precise approach that
is not limited by traditional estrogen-related risks. Future research should focus on multi-ethnic cohort studies to validate
the association between FSH levels and CAD risk, as well as explore targeted therapies that modulate FSH pathways,

offering new options for clinical practice.
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Conclusions

In summary, this review highlights that elevated FSH levels after menopause are a significant independent risk factor for
CAD in postmenopausal women, challenging the traditional focus on estrogen decline. FSH contributes to atherosclerosis
through dyslipidemia, chronic inflammation, and endothelial dysfunction, with evidence supporting a positive correlation
between FSH levels and CAD risk. Furthermore, seemingly contradictory clinical data indicate that FSH’s role in the
cardiovascular system reflects its pleiotropic functions, influenced by receptor biology and individual physiological
contexts.

Measuring FSH as a stable biomarker for cardiovascular risk assessment in postmenopausal women is clinically
valuable. Targeting the FSH/FSHR pathway also presents a promising therapeutic approach for gender-specific strategies
against cardiovascular diseases, which is significant for improving cardiovascular health in postmenopausal women.
Future research should prioritize large-scale, multi-ethnic studies to clarify the causal relationship between FSH and
CAD, explore FSH signaling mechanisms in cardiovascular tissues, and evaluate the impact of modulating the FSH
pathway on cardiovascular outcomes.
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