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Abstract

Cardiovascular endocrinology is a rapidly evolving field that investigates the complex interplay between the endocrine and cardiovascular systems. This
multidisciplinary area of study is essential for understanding how hormonal imbalances can influence cardiovascular health and disease. The endocrine system,
through the secretion of hormones, plays a critical role in regulating cardiovascular functions such as blood pressure, heart rate (HR), and vascular tone. Conversely,
cardiovascular events can impact hormone production and release, highlighting the bidirectional communication between these systems. This review explores the
physiological interactions and pathophysiological consequences of disruptions in this delicate balance, with a focus on key hormones such as vitamin D, growth
hormone, and thyroid hormones, and their implications for cardiovascular health. The review also delves into the role of developmental programming in shaping
cardiovascular health, emphasizing the impact of early life factors such as maternal nutrition, stress, and environmental exposures on long-term cardiovascular
outcomes. Additionally, it examines the influence of sex hormones, lipoprotein metabolism, and emerging research areas such as the gut microbiome and novel
biomarkers on cardiovascular disease (CVD) risk. Clinical studies, including landmark trials like the Framingham heart study (FHS) and the Women’s Health
Initiative, are discussed to highlight the translation of research findings into clinical practice. The review concludes by addressing the challenges and future directions
in cardiovascular endocrinology, underscoring the need for ongoing research to develop effective interventions and improve patient outcomes.
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relationship, examining both normal physiological interactions and

the pathophysiological consequences of disruptions in this delicate
balance.

Introduction

Cardiovascular endocrinology is a multidisciplinary field that
explores the intricate interactions between the endocrine and

Vitamin D is increasingly recognized as a hormone with potential
implications for cardiovascular and metabolic diseases. A study
highlighted the association between low vitamin D levels and an
unfavorable cardiometabolic profile in obese women with metabolic
syndrome, suggesting a need for further research in diverse populations
like those in Egypt [8]. Despite the observed associations, randomized
controlled trials have shown conflicting results regarding the benefits
of vitamin D supplementation for cardiovascular health, indicating that

cardiovascular systems. This area of study is crucial for understanding
how hormonal imbalances can influence cardiovascular health and
disease [1, 2]. The research in this field spans various topics, including
the role of hormones like vitamin D, growth hormone, and thyroid
hormones in cardiovascular health, as well as the development
of pharmaceutical strategies to address cardiovascular and
endocrinological disorders [3, 4]. The endocrine and cardiovascular
systems are intricately linked, with bidirectional communication

influencing numerous physiological processes. The endocrine
system, through the secretion of hormones, profoundly impacts
cardiovascular function, regulating blood pressure, HR, and vascular
tone [5, 6]. Conversely, cardiovascular events can affect hormone
production and release, further highlighting the complex interplay
between these two essential systems [7]. This article will explore this
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routine screening for deficiency is not universally recommended [9].

Interplay Between the Endocrine and Cardiovascular
Systems

Cardiovascular endocrinology explores the intricate relationship
between the endocrine system and the cardiovascular system [10-12]
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(Table 1). It extends beyond the well-established connections like
diabetes mellitus and its cardiovascular complications [11], delving
into novel mechanisms linking the cardiovascular system with a
multitude of blood-borne bioactive substances and their cellular targets
[11]. This field investigates how hormones influence various aspects
of cardiovascular health, impacting processes like blood pressure
regulation, lipid metabolism, and the development of atherosclerosis
[13-15]. Natriuretic peptides, for example, play a crucial role in the
cardiovascular system’s homeostatic mechanisms [16].

Growth hormone plays a crucial role in heart development and

function. Growth hormone deficiency can lead to metabolic issues that
increase the risk of atherosclerosis, while growth hormone excess, as
seen in acromegaly, is linked to CVD and heart failure. Early detection
and treatment of growth hormone-related disorders can prevent these
complications [9]. Thyroid hormones are vital for cardiovascular
regulation (Figure 1). Both hypothyroidism and hyperthyroidism can
lead to various cardiac issues. Hypothyroidism may cause hypertension
and hyperlipidemia, which can be managed with hormone replacement
therapy (HRT). Hyperthyroidism can affect heart structure, function,
and rhythm, potentially leading to heart failure if untreated. The use

Table 1: Key endocrine hormones and their cardiovascular effects.

Hormone Source

Cardiovascular effects

Clinical relevance

Angiotensin IT RAAS (Kidneys)

Vasoconstriction, increases blood pressure, promotes
aldosterone release

Hypertension, heart failure, atherosclerosis

Aldosterone Adrenal cortex

Sodium retention, increases blood volume and pressure

Primary aldosteronism, hypertension, heart failure

Epinephrine and Adrenal medulla

Increases heart rate, cardiac output, vasoconstriction

Stress response, hypertension, arrhythmias

norepinephrine
Insulin Pancreas Regulates glucose metabolism, endothelial function Insulin resistance leads to atherosclerosm, diabetes,
hypertension
Glucagon Pancreas Increases blood glucose, minor cardiac effects Glucagonoma syndrome (rare),. hypoglycemia-related
tachycardia
Thyroid hormones (T3 and T4) Thyroid gland Regulate heart rate, contractility, vascular resistance Hypothyroidism: bradycardia, hypertension;

hyperthyroidism: tachycardia, atrial fibrillation

Cortisol Adrenal cortex Increases blood pressure, alters metabolism Cushing’s syndrome, metabolic syndrome, hypertension
Estrogen Ovaries Vasodilation reduces atherosclerosis risk Cardioprotective; menopause increases cardiovascular risk
. . . Excess linked to hypertension, polycythemia, and
Testosterone Testes, adrenal cortex Increasing vascular tone may contribute to hypertension P » potyey ?

cardiovascular risk

Atrial natriuretic peptide Heart (Atria) Promotes sodium excretion, lowers blood pressure Protective in heart failure, but levels rise in disease states
THYROID
CARDIOVASCULAR SYSTEM
GENOMIC / NON-GENOMICACTIONS
VASCULAR SYSTEM CV RISK FACTORS MODULATION
O —— — =
- - . P -
_rom i g0 Lﬁl_
B Q Y Rtk * .
= Blood pressure = Inflammation pathway
= Endothelial function # Systo-diastolic function = Glycolipid metabolism
1 SVR = Cardioprotection = Blood pressure

¥ RestingHR

1 Blood volume

4 Myocardial contractility
¥ Cardiac Output

4 CVrisk

1+ Atrial fibrillation

= Diastolic dysfunction

1 Cardiovascular risk

* Hypercholesterclaemia

= Hypertension

= Endothelial dysfunctions

= ECGchanges

= Arrhythmias

= Systolic functional changes

Figure 1: Interaction of the thyroid and the cardiovascular system. SVR: systemic vascular resistance and ECG: electrocardiogram [17].
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of medications like amiodarone, which can affect thyroid function,
underscores the importance of monitoring thyroid health in patients
with cardiovascular conditions [9].

Specific endocrine disorders can directly impact the cardiovascular
system. Hyperthyroidism, for instance, can lead to thyrotoxic
cardiomyopathy, a rare but serious condition [18]. This highlights the
potential for endocrine imbalances to induce significant cardiovascular
consequences. Conversely, adipose tissue, a key endocrine organ,
secretes adipokines that exert endocrine effects on the vascular wall,
influencing endothelial function and contributing to cardiovascular
risk [19, 20]. The Renin-Angiotensin-Aldosterone System (RAAS)
plays a central role in regulating blood pressure and fluid balance, and
its dysregulation is implicated in both cardiovascular and endocrine
diseases. The interplay between RAAS and other endocrine systems,
such as the parathyroid hormone system, is complex and warrants
further investigation [21].

Chronic liver disease significantly impacts both endocrine and
cardiovascular homeostasis. The liver’s crucial role in metabolic
regulation and immune function means thatits dysfunction can triggera
cascade of events affecting the cardiovascular system. This can manifest
as arrhythmias, cardiomyopathy, and circulatory complications,
ultimately leading to conditions like portal hypertension, pulmonary
hypertension, and cardiac failure. The interplay between inflammation,
oxidative stress, and imbalanced vasoactive mediators, further
contributes to the development of these complications. Age, sex, the
gut microbiome, and organ transplantation also influence this complex
interaction [22].

The interaction between the endocrine and cardiovascular systems
extends beyond the examples discussed above. The gut microbiota
influences the endocrine system, affecting hormone production and
potentially impacting cardiovascular health [23]. The respiratory and
cardiovascular systems are also closely linked, with pathologies in
one system often affecting the other [24]. Furthermore, social support
has been shown to influence cardiovascular, endocrine, and immune
system function [25], underscoring the broader interconnectedness
of physiological systems. Finally, the circadian system interacts with
the endocrine system influencing hormonal rhythms and impacting
cardiovascular function [26]. The interplay between the immune
system and endocrine also plays a crucial role especially in organs like
the lungs, impacting both immune response and cardiovascular health
[27].
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Insulin resistance, a hallmark of type 2 diabetes, is a significant
risk factor for CVD. It affects glucose metabolism and promotes
arteriosclerosis through mechanisms involving oxidative stress
and inflammation. Managing insulin resistance is crucial in
preventing cardiovascular complications associated with diabetes
[28]. The paraventricular nucleus in the brain plays a central role in
neuroendocrine regulation of cardiovascular function. It modulates
blood pressure and cardiovascular responses through hormones
like vasopressin and oxytocin, which have both endocrine and
neuromodulatory effects. Dysregulation of paraventricular nucleus
activity can lead to hypertension and heart failure [29]. Sex hormones,
including estrogen and testosterone, influence cardiovascular health
differently in men and women. Abnormal levels of these hormones can
increase the risk of CVD, as seen in conditions like menopause and
Klinefelter syndrome. The effects of sex hormone-based therapies on
cardiovascular health remain an area of ongoing research [30].

Developmental Programming and the Cardiovascular
System

Early development is a critical period for establishing the lifelong
relationship between the endocrine and cardiovascular systems [31].
The interplay between genetic, environmental, and nutritional factors
during this time can program the cardiovascular and endocrine systems,
influencing disease risk later in life (Table 2) [31]. The perinatal period,
in particular, is highly sensitive to various environmental stressors,
including nutritional deficiencies, hypoxia, and maternal illness. This
programming can be affected by various factors, including maternal
health, environmental exposures, and genetic predispositions, which
can lead to chronic conditions such as CVD and metabolic disorders
[32].

Adhesion G protein-coupled receptors play a crucial role in
cardiovascular development. Mutations in adhesion G protein-
coupled receptors, such as adgrl2, can lead to congenital heart
defects, which are the most common congenital birth defects
affecting millions of newborns annually. These defects can predispose
individuals to further cardiovascular issues later in life, highlighting
the importance of genetic factors in early cardiovascular development
[33]. Environmental exposures during early development can lead to
epigenetic changes that affect cardiovascular health across generations.
For instance, exposure to toxicants like lead and phthalates can have
sex-specific effects on cardiovascular outcomes, emphasizing the

Table 2: Impact of early life factors on cardiovascular health.

Factor Mechanism

Fetal adaptations lead to altered organ

Maternal undernutrition
development

Fetal exposure to excess nutrients alters

Maternal overnutrition and obesity metabolism

Fetal hyperinsulinemia, endothelial

Gestational diabetes .
dysfunction

Reduced fetal nutrient supply leads to

Intrauterine growth restriction f
vascular remodeling

Preterm birth Immature cardiovascular and renal systems

. . Poor placental function alters fetal
Placental insufficiency .
programming
Prenatal stress and glucocorticoid

Increased fetal cortisol exposure
exposure

Environmental toxins (e.g., smoking,
pollution, alcohol)

Epigenetic modifications affect vascular
development
Overfeeding or underfeeding affects

Earl 1 iti .
arly postnatal nutrition ‘metabolism
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Long-term cardiovascular impact

Increased risk of hypertension, endothelial

Increased risk of metabolic syndrome,

Higher risk of insulin resistance, vascular

Increased arterial stiffness, hypertension

Higher risk of hypertension, heart failure
Impaired endothelial function, increased blood

Increased risk of atherosclerosis, endothelial

Increased risk of obesity, hypertension, metabolic

Examples/clinical relevance

Dutch famine study: higher rates of CVD in

dysfunction adulthood

hypertension, diabetes Childhood obesity, early-onset hypertension

dysfunction Increased CVD risk in offspring

Barker Hypothesis: low birth weight linked
to CVD

Preterm individuals show early arterial aging
Preeclampsia linked to later maternal and

pressure offspring CVD
. . . Maternal stress, corticosteroid treatment in
Altered autonomic regulation, hypertension ’
pregnancy

Fetal alcohol syndrome, smoking-induced

dysfunction fetal growth restriction
Formula feeding vs. breastfeeding impacts

syndrome cardiovascular risk
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role of epigenetic programming in disease risk [34]. The maternal
environment, including nutrition and stress levels, significantly
influences fetal development. Nutritional deficiencies or excesses can
lead to developmental programming that predisposes offspring to
cardiovascular and metabolic diseases. Stressors such as hypoxia and
maternal malnutrition can alter fetal cardiovascular and endocrine
systems, leading to long-term health consequences [35]. The concept
of fetal programming suggests that adverse conditions during fetal
development, such as maternal obesity or gestational diabetes, can lead
to structural and functional changes in the offspring’s cardiovascular
system. These changes can increase the risk of diseases like hypertension
and coronary heart disease in adulthood [36, 37].

These stressors can perturb the maternal and fetal cardiovascular
and endocrine systems, leading to long-term health consequences, a
concept known as the “Developmental Origins of Adult Disease.”
Research has demonstrated that in utero stress can predispose
individuals to cardiovascular and metabolic diseases later in life,
such as hypertension, type 2 diabetes, and increased adiposity. The
concept of “Predictive Adaptive Responses” suggests the fetus adapts
to its anticipated environment, but mismatches between predicted and
actual environments can lead to disease. Animal models, including
rats, sheep, and guinea pigs, have been instrumental in studying
these developmental programming effects, investigating the impact
of various gestational perturbations on cardiovascular development.
These studies highlight the crucial role of utero conditions in shaping
cardiovascular health throughout life [35].

While early development is a critical period for establishing the
relationship between the endocrine and cardiovascular systems, it is
also important to consider the role of postnatal factors. Childhood
and adolescence are additional critical periods where environmental
influences, such as diet and physical activity, can further shape
cardiovascular health. Understanding the interplay between early
programming and later life exposures is crucial for developing
comprehensive strategies to prevent CVD.

Key Hormonal Influences on Cardiovascular Health

Several hormones significantly affect cardiovascular function
and disease risk. Hormonal influences play a significant role
in cardiovascular health, with sex hormones such as estrogen,
progesterone, and testosterone being key determinants [38]. These
hormones impact cardiovascular physiology and pathology through
various mechanisms, including modulation of vascular function,
inflammation, and metabolic processes [39]. The effects of these
hormones are particularly evident in the differences observed
between men and women in terms of CVD risk and progression [40].
Understanding these hormonal influences is crucial for developing
gender-specific strategies for CVD prevention and treatment.

The thyroid hormone’s role in atherosclerosis is increasingly
recognized [13]. Similarly, growth hormone, insulin-like growth
factors I (IGF-I), and IGF-binding proteins are implicated in
atherogenesis, particularly through their effects on postprandial
lipoprotein metabolism [13]. Disturbances in the growth hormone
axis/IGF system are linked to premature atherosclerosis and increased
cardiovascular mortality (Figure 2), suggesting a U-shaped relationship
between growth hormone axis/IGF system function and cardiovascular
morbidity/mortality [13]. Furthermore, vitamin D, now recognized as
a multifaceted hormone, potentially modifies the risk of cardiovascular
and metabolic diseases [8]. Its deficiency is associated with an
unfavorable cardiometabolic profile, particularly in populations with
high prevalence of obesity and metabolic syndrome [8]. Finally, the
role of PCSKO9 in regulating low-density lipoprotein (LDL)-cholesterol
levels is emerging as a crucial therapeutic target [42]. Inhibition of
PCSK9 dramatically reduces LDL-cholesterol, potentially enhancing
the efficacy of statin therapy [42].

Combined oral contraceptives are linked to a heightened risk of
cardiovascular events, such as venous thromboembolism and ischemic
stroke, with risk levels influenced by estrogen dose and progestogen
type. The variability in risk underscores the importance of personalized
contraceptive counseling and prescribing practices [43]. Estrogen
enhances vasodilation by increasing the release of vasodilators like

Targets of Hormone-based Strategies for Cardiac Regeneration
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Figure 2: The combined effects of hormones on the structural and functional development of cardiomyocytes and their potential implications for heart regeneration [41].
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nitric oxide and prostacyclin, which are more pronounced in women
than men [44, 45]. Estrogen acts as a powerful anti-inflammatory
agent, contributing to its protective effects against CVD and chronic
renal disease [44]. The decline in estrogen levels of post-menopauses
is associated with increased risk of atherosclerosis and other
cardiovascular disorders, highlighting the protective role of estrogen
before menopause [45, 46].

Women generally experience CVD at a later age than men, with a
delay of about 10 years, attributed to the protective effects of endogenous
estrogens [44]. Hormonal fluctuations during events like menarche,
pregnancy, and menopause can promote a pro-inflammatory state,
increasing CVD risk in women [47]. Hormone therapy, particularly
with bioidentical hormones, may extend the cardiovascular protection
conferred by endogenous estrogens if initiated early after menopause
[44]. The impact of hormone therapy varies based on factors such as
timing, administration route, and formulation, necessitating careful
consideration in clinical practice [46]. Testosterone and progesterone
hormones also contribute to cardiovascular health, with complex
interactions affecting heart and blood vessel function differently in
men and women [44, 48]. Although not a traditional sex hormone,
vitamin D acts as a steroid hormone and its cardiovascular effects are
controversial, with both low and high levels associated with increased
risk [49].

While the protective role of estrogen in cardiovascular health is
well-documented, the influence of other hormones like progesterone
and testosterone, as well as the impact of hormonal contraceptives, adds
complexity to the understanding of hormonal effects on cardiovascular
health. Additionally, the role of vitamin D as a steroid hormone in
cardiovascular health remains a topic of debate, highlighting the need
for further research to clarify its effects.

Lipoprotein Metabolism and CVD

The diverse lipoprotein subfractions (very low-LDL, LDL, and
high-LDL (HDL)) have distinct metabolic properties and varying
relationships with coronary heart disease [50]. Sub fractionation of
lipoproteins holds potential for improved risk prediction beyond
classical lipid risk factors [50]. Understanding the intricate regulation
of these lipoproteins and their influence on atherogenesis is critical in
cardiovascular endocrinology.

Lipoprotein metabolism plays a crucial role in the development
and progression of CVDs and is significantly influenced by endocrine
disorders [51]. The intricate relationship between lipoprotein
metabolism, endocrine function, and cardiovascular health is
underscored by various studies that explore the causal associations,
genetic factors, and potential therapeutic interventions [52, 53]. This
section will explore the key aspects of this relationship, focusing on
the impact of lipoprotein metabolism on cardiovascular health, the
influence of endocrine disorders, and potential treatment strategies.

Disorders of lipoprotein metabolism have been causally linked to
several CVD, including coronary artery disease, aortic aneurysm, heart
failure, hypertension, and stroke. These associations are supported
by Mendelian randomization studies, which highlight the significant
risk posed by dysregulated lipoprotein metabolism on cardiovascular
health [54]. Lipoproteins such as HDL, LDL, and lipoprotein(a) are
critical in lipid transport and metabolism. Dyslipidemia, characterized
by abnormal levels of these lipoproteins, is a major risk factor for
atherosclerosis and other cardiovascular conditions [55]. Elevated
levels of lipoprotein(a) are particularly associated with an increased
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risk of atherosclerotic CVD and calcific aortic valve disease. Novel
therapeutics targeting lipoprotein(a) are under development, aiming
to reduce cardiovascular risk [56].

Endocrine disorders such as hypothyroidism, Cushing’s syndrome,
and polycystic ovary syndrome can lead to dyslipidemia, thereby
increasing the risk of atherosclerotic CVD. These conditions often result
in elevated LDL-C and triglycerides, contributing to cardiovascular
risk [57, 58]. Treatment of the underlying endocrine disorder can
improve lipid profiles and potentially reduce cardiovascular risk. For
instance, managing hypothyroidism or testosterone deficiency can lead
to reductions in LDL-C levels [57]. The interplay between endocrine
disorders and lipoprotein metabolism necessitates a comprehensive
approach to managing dyslipidemia, often requiring both endocrine
treatment and lipid-lowering therapies [58].

Genetic factors play a significant role in lipoprotein metabolism,
with variations in genes affecting LDL, HDL, and triglyceride levels.
These genetic predispositions can lead to disorders such as familial
hypercholesterolemia and familial hypertriglyceridemia, which
are associated with increased cardiovascular risk [59]. Peroxisome
proliferator-activated receptor a (PPARa) is a key regulator of
lipid metabolism, influencing the functionality of lipoproteins.
PPARa agonists, such as fibric acid derivatives, are used to treat
hypertriglyceridemia and low HDL cholesterol levels, although their
efficacy in reducing cardiovascular events remains debated [60].

While the relationship between lipoprotein metabolism, endocrine
disorders, and CVD is well-established, ongoing research continues to
explore the underlying mechanisms and potential therapeutic targets.
The development of novel treatments, particularly those targeting
specific lipoproteins like lipoprotein(a), holds promise for reducing
cardiovascular risk in affected populations. However, the complexity
of these interactions necessitates a multifaceted approach to treatment,
integrating genetic, metabolic, and lifestyle factors.

Clinical Studies

Cardiovascular endocrinology has been extensively studied
through numerous clinical trials, shedding light on the intricate
relationship between hormonal regulation and CVD. One of the most
influential studies in this field is the FHS, an ongoing cohort study
that has tracked over 15,000 participants across multiple generations.
This study identified key CVD risk factors, including hypertension,
diabetes, and obesity, and established the role of insulin resistance and
thyroid dysfunction in heart disease. The long-term data from FHS has
been instrumental in shaping modern preventive cardiology and risk
assessment models [61].

The diabetes control and complications trial (NCT00360815)
and its follow-up, the epidemiology of diabetes interventions
and complications (EDIC) study (NCT00360893), provided
groundbreaking evidence on the impact of glucose control in diabetes
management. Enrolling 1,441 individuals with type 1 diabetes, the study
found that intensive glucose control reduced cardiovascular events by
42% (hazard ratio (HR) 0.58; 95% confidence interval (CI): 0.31 - 1.07;
p = 0.08). This effect was confirmed in the long-term EDIC follow-up,
emphasizing the importance of early and sustained glucose control in
preventing cardiovascular complications. These findings have had a
significant influence on diabetes treatment guidelines worldwide [62].

Another pivotal study, the women’s health initiative (WHI)
(NCT00000611), examined the cardiovascular effects of HRT in
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postmenopausal women. With a large cohort of 27,347 participants,
WHI demonstrated that estrogen-progestin therapy increased the risk
of coronary heart disease (HR 1.18; 95% CI: 0.95 - 1.45) and stroke
(HR 0.94; 95% CI: 0.78 - 1.14), leading to a major shift in clinical
recommendations regarding HRT use. While estrogen-alone therapy
showed a neutral or slightly beneficial effect in younger women, the
overall findings raised concerns about the widespread use of HRT for
cardiovascular protection [63].

The heart outcomes prevention evaluation trial further
underscored the importance of the angiotensin-converting enzyme
(ACE) inhibition or vitamin E in cardiovascular health. In a study
of 9,297 high-risk patients, the ACE inhibitor ramipril significantly
reduced myocardial infarction by 20% (relative risk (RR) 0.80; 95% CI:
0.70 - 0.90; p < 0.001), stroke by 32% (RR 0.68; 95% CI: 0.56 - 0.84; p
< 0.001), and cardiovascular mortality by 26% (RR 0.74; 95% CI: 0.64
- 0.87; p < 0.001). These findings reinforced the role of ACE inhibitors
in reducing cardiovascular risk and improving survival in patients with
hypertension and diabetes [64].

The UK prospective diabetes study (UKPDS) provided critical
insights into the management of type 2 diabetes and its cardiovascular
complications. With 5,102 participants, UKPDS demonstrated that
intensive glucose control reduced microvascular complications by 25%
(p = 0.0099), while metformin therapy specifically lowered diabetes-
related mortality by 42% (p = 0.017). This study played a crucial role in
defining treatment targets for blood glucose levels and emphasizing the
benefits of early intervention in diabetes management [65].
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Finally, the systolic blood pressure intervention trial
(NCT01206062) provided strong evidence supporting aggressive blood
pressure management. Among 9,361 participants at high cardiovascular
risk but without diabetes, lowering systolic blood pressure to <120
mmHg resulted in a 25% reduction in cardiovascular events (HR
0.75; 95% CI: 0.64 - 0.89; p < 0.001) and a 27% reduction in all-cause
mortality (HR 0.73; 95% CI: 0.60 - 0.90; p = 0.003). These findings led
to a paradigm shift in hypertension treatment guidelines, advocating
for more intensive blood pressure control in high-risk patients [66].

Together, these landmark studies have significantly influenced
clinical practice in cardiovascular endocrinology, highlighting the
critical role of hormones in regulating blood pressure, glucose
metabolism, and vascular function. Their findings continue to
shape guidelines for diabetes management, hormone therapy, and
hypertension treatment, ultimately improving patient outcomes in
cardiovascular health.

Emerging Research Areas in Cardiovascular

Endocrinology

Emerging research in cardiovascular endocrinology is advancing
rapidly, focusing on the complex interplay between hormones and
cardiovascular health (Table 3). This interdisciplinary field is gaining
momentum as researchers explore the complex interactions between
cardiovascular and endocrine systems, aiming to improve patient
outcomes through innovative treatments and a deeper understanding
of underlying mechanisms. This section highlights key emerging areas
in this field.

Table 3: Emerging research areas in cardiovascular endocrinology.

Research area Focus

Investigating how gut bacteria
influence metabolic and hormonal
pathways affecting CVD risk

Gut microbiome and
cardiovascular health

Studying hormones secreted by
Adipokines and cardiovascular adipose tissue, such as leptin,
risk adiponectin, and resistin, and their role
in heart disease

Examining how estrogen, testosterone,
and progesterone influence
cardiovascular health in men and
women

Sex hormones and CVD

Exploring how hypothyroidism
and hyperthyroidism contribute to
arrhythmia, heart failure, and vascular
dysfunction

Thyroid dysfunction and heart
failure

Investigating environmental chemicals
(e.g., BPA, phthalates) that interfere
with hormonal regulation and
contribute to CVD
Studying the long-term effects of stress
hormones on blood pressure, insulin
resistance, and CVD

Endocrine disruptors and
cardiovascular health

Glucocorticoids and
cardiometabolic risk

Exploring how circadian rhythms
affect hormone secretion and
cardiovascular function

Chronobiology and
cardiovascular health

Identifying new endocrine markers,
such as fibroblast growth factors and
irisin, for early detection of CVD

Novel biomarkers for CVD risk
assessment

Understanding the interplay between
insulin resistance, dyslipidemia,
hypertension, and hormonal regulation

Metabolic syndrome and CVD

Gene therapy and hormonal

. to modulate hormonal pathways linked
regulation

to CVD
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Potential impact

May lead to microbiome-targeted
therapies for hypertension, diabetes,
and atherosclerosis

Could provide new targets for
obesity-related cardiovascular
disorders

May lead to gender-specific
treatment approaches for CVD
prevention

Could refine screening and treatment
strategies for thyroid-related heart
conditions

May lead to policy changes and
preventive measures to reduce
exposure

Could improve management
of chronic stress and metabolic
syndrome

May lead to time-based
(chronotherapy) interventions for
better treatment outcomes

Could enhance personalized risk
stratification and early intervention

May refine treatment strategies to
prevent cardiovascular complications| multiple cardiovascular risk factors | components are complex, making it
in metabolic syndrome

Investigating gene-editing approaches = Holds potential for personalized and
long-term solutions to endocrine-
related heart diseases

Advantages Limitations

Potential for novel, non-invasive
therapeutic approaches and
personalized treatments

Complex interactions and limited
understanding of how specific
microbiota influence CVD

Adipokines’ roles are multifaceted,
making it difficult to develop
targeted therapies without side
effects

Identification of novel biomarkers
and therapies for obesity-induced
heart disease

Variability in hormonal effects
based on age, menopause status,
and other factors complicates
generalization

Tailored treatments for men
and women based on hormonal
influences, improving efficacy

Improved diagnosis and early
intervention for thyroid-related
cardiovascular complications

Requires larger studies to clarify
thyroid-heart interactions in diverse
populations

Potential for public health Limited long-term studies on
interventions to reduce exposure to | specific chemicals and their direct
harmful chemicals cardiovascular effects

Could provide new targets for
chronic stress-related CVD
prevention

Variability in glucocorticoid
responses and lack of consensus on
treatment guidelines
Innovative approach to treatment
that could optimize drug delivery
and lifestyle changes

Complexities in circadian biology
and the need for more research on
clinical applications
Potential for more accurate and
early detection of cardiovascular
risks

Need for validation of biomarkers
in large-scale clinical studies

Integrated approach could address | Interactions between metabolic

simultaneously difficult to design targeted therapies

Ethical concerns, regulatory
challenges, and long-term safety
risks associated with gene-editing
technologies

Innovative potential for curing
genetic conditions that predispose
individuals to CVD
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GLP1RAs have emerged as a significant area of research due
to their dual role in managing type 2 diabetes and providing
cardiovascular benefits. Studies have shown that these agents can
improve cardiovascular outcomes, making them a focal point in
cardiovascular endocrinology research. Research hotspots include the
effects of GLP1RAs on cardiovascular outcomes, their efficacy, and
protective mechanisms against metabolic abnormalities. Semaglutide,
a specific GLPIRA, is a prominent subject of study, particularly in
placebo-controlled trials [67].

The cardiovascular implications of various endocrine disorders,
such as subclinical hypothyroidism and testosterone deficiency,
are under investigation. These conditions have been linked to
cardiovascular events, but the benefits of replacement therapies remain
controversial due to insufficient evidence from randomized controlled
trials. Growth hormone deficiency is another area of interest, with
studies suggesting that replacement therapy may reverse detrimental
cardiovascular effects, although more research is needed to confirm
these findings [68].

Recent advances in molecular biology have led to the development
of new therapeutic strategies targeting the remodeling of cardiac tissue
and the role of paracrine and autocrine growth factors in heart disease.
These approaches aim to address chronic cardiovascular conditions
such as heart failure [69]. The use of specific receptor antagonists, such
as those targeting endothelin, is being explored for their potential to
regulate hemodynamic homeostasis and treat hypertension [70].

The discovery of new biomarkers related to lipid metabolism,
glycemia, inflammation, and cardiac damage is a growing area of
research. These biomarkers hold promises for better risk stratification
and the development of new intervention targets in CVD management
[71]. Therole of cholesterol as a paracrine growth factor in atherogenesis
is being re-evaluated, with implications for the early effects of lipid-
lowering drugs on atherosclerotic plaques [69].

Research continues to uncover new insights into the field. The
role of nuclear receptors, such as ROR-q, in modulating CVD and
inflammatory responses is under investigation [14]. The heart itself
functions as an endocrine organ, producing hormones like GDF-
15 and myostatin that influence systemic physiology [72]. The use
of cardiac biomarkers, such as troponins and natriuretic peptides,
in both human and veterinary medicine, highlights species-specific
differences that must be considered when interpreting results [73].
Ongoing controversies exist regarding the cardiovascular effects of
calcium supplementation [74] and the impact of dipeptidyl peptidase
IV inhibitors on heart failure risk [75]. Moreover, the field is expanding
its scope to address global health challenges, particularly in emerging
markets, by developing strategic brand frameworks for expanding
access to cardiovascular and endocrinology treatments [76].

New therapeutic approaches, such as the use of cyclodextrin to
reverse atherosclerosis, show promise in preclinical studies. This
treatment enhances cholesterol metabolism and could be repurposed
for human use, offering a novel strategy for managing atherosclerosis
[77]. The potential of targeting ANGPTL3 for lipid management,
similar to PCSK9 inhibitors, represents another innovative direction in
cardiovascular endocrinology research [78].

While these emerging areas offer promising avenues for research
and treatment, challenges remain in fully understanding the complex
interactions between cardiovascular and endocrine systems. The need
for more robust clinical trials and validation of novel biomarkers is
critical to translating these findings into clinical practice. Additionally,
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the exploration of new mechanisms linking cardiovascular health with
endocrine functions continues to be a fertile ground for future research,
potentially leading to groundbreaking therapeutic interventions.

Conclusion

While the field of cardiovascular endocrinology is advancing with
promising research and therapeutic strategies, challenges remain. The
complexity of hormonal interactions and their impact on cardiovascular
health necessitates ongoing research to clarify these relationships
and develop effective interventions. Additionally, the variability in
healthcare infrastructure and economic conditions across different
regions poses challenges for the implementation of new treatments,
particularly in emerging markets. These factors highlight the need for
tailored approaches that consider local contexts and patient needs.
One of the most transformative developments is the integration of
artificial intelligence (AI) into cardiovascular endocrinology research
and clinical practice. AI has the potential to revolutionize the way we
diagnose, predict, and manage cardiovascular and endocrine disorders
by leveraging large datasets, identifying patterns, and providing
personalized treatment recommendations.

However, the integration of Al into cardiovascular endocrinology
also presents challenges, including the need for robust data privacy
measures, ethical considerations, and the validation of AI models
in diverse populations. Collaborative efforts between researchers,
clinicians, and AI experts will be essential to address these challenges
and fully realize the potential of Al in this field. As we move forward,
the synergy between cardiovascular endocrinology and AI holds great
promise for advancing our understanding of hormonal influences on
cardiovascular health and transforming the landscape of preventive
and therapeutic interventions. By embracing these technological
advancements, we can pave the way for a future where personalized,
data-driven care becomes the cornerstone of cardiovascular
endocrinology.
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