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Abstract

Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder affecting women of
reproductive age, with significant implications for cardiometabolic health. This review focuses on the
relationship between PCOS and hypertension (HTN), an area that remains underexplored despite growing
evidence of its importance. PCOS is characterized by hyperandrogenism (HA), ovulatory dysfunction, and
polycystic ovarian morphology (PCOM), all of which contribute to a complex metabolic profile that includes
insulin resistance (IR), obesity, and dyslipidemia. These factors collectively exacerbate the risk of HTN.
Emerging research suggests HA in PCOS may directly influence the renin-angiotensin system (RAS),
increasing blood pressure by promoting sodium retention and vascular tone. Additionally, IR, prevalent in
both lean and obese women with PCOS, further contributes to HTN by enhancing sympathetic nervous
system activity and impairing endothelial function. Despite these associations, the direct link between PCOS
and HTN has not been definitively established, warranting further investigation. This review synthesizes
current knowledge on the etiology of PCOS and its metabolic consequences, highlighting the need for
targeted research to clarify the mechanisms linking PCOS with HTN. Understanding these pathways is
crucial for improving the management of PCOS and reducing cardiovascular risks in affected women. By
addressing these gaps, this review underscores the importance of considering HTN as a significant
comorbidity in PCOS and calls for more comprehensive studies to guide clinical practice.

Categories: Obstetrics/Gynecology, Endocrinology/Diabetes/Metabolism, Internal Medicine
Keywords: hyperandrogenism, hypertension, insulin resistance, metabolic syndrome, polycystic ovarian syndrome

Introduction And Background

Polycystic ovarian syndrome (PCOS) is a reproductive endocrine disorder that affects seven million women,
corresponding to approximately 6-10% of women in the United States [1-3]; it is the most prevalent
endocrinopathy in women of reproductive age and is characterized by hyperandrogenism (HA) and either
oligo- or anovulation [4]. PCOS is considered a multi-factorial disease with a strong genetic influence,
although the exact cause is unknown [5].

PCOS has a range of cardiometabolic features, including obesity, intrinsic insulin resistance (IR), gestational
diabetes mellitus (GDM), type 2 diabetes mellitus (DM2), hypertension (HTN), dyslipidemia, and subclinical
cardiovascular disease (CVD). Extrinsic or obesity-related IR exacerbates the prevalence, severity, and
metabolic features of the syndrome [6].

Risk factors for PCOS, such as genetics, lifestyle habits, and even environmental factors like exposure to
heavy metals, have been recognized [7,8]. Also, the physiological changes of PCOS have been identified, but
the relationship between PCOS and HTN remains controversial [9,10]. There is evidence that HTN has a 24%
higher prevalence in PCOS patients when compared to healthy females [11]. Metabolic syndrome (MS)
associated with IR exists in almost one-third of adolescent and half of adult women with PCOS.
Compensatory hyperinsulinemia enhances androgen secretion [12], and it has been postulated that
androgen levels may directly control the renin-angiotensin system (RAS) of the proximal renal tubule and
increase the reabsorption flow rate, thereby increasing extracellular volume and blood pressure (BP) [9].
Previous research has found that PCOS patients have greater aldosterone levels than age- and body mass
index (BMI)-matched controls [11].

This article aims to comprehensively examine the etiology and physiopathology of PCOS, including its
metabolic features such as HA, IR, and the RAS and their potential contributions to the development of
HTN, as a direct link between PCOS and HTN has not been sufficiently researched. Additionally, it aims to
address the considerations when treating PCOS patients, given its status as one of the most prevalent
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endocrine disorders among women of reproductive age [13].

Review
Understanding PCOS

PCOS is a diagnosis of exclusion and is a multiorgan disease affecting most endocrine organs, including
ovaries, adrenals, pituitary, fat cells, and endocrine pancreas [14]. It is particularly concerning for women of
reproductive age [15], as it impacts as many as one in five women in this age group [16]. Studies indicate that
Black and non-Hispanic women may have a lower risk of experiencing the full spectrum of symptoms
associated with the syndrome compared to Hispanic women, who show a tendency towards a more severe
phenotype characterized by a higher likelihood of HA and metabolic imbalances [17]. The manifestations of
PCOS are diverse, and up to 50% of patients are normal weight. In most cases, however, the severity of
symptoms can be related to abdominal obesity [14].

The diagnostic criteria for PCOS have evolved since its initial description in 1935 by Stein and Leventhal.
They first noted enlarged ovaries, obesity, hirsutism, and chronic anovulation in varying degrees [18].
Subsequently, the National Institute of Child Health and Human Development (NICHD) criteria in 1990
stipulated that both chronic anovulation and clinical or biochemical androgen excess were necessary for
diagnosis [19]. The Rotterdam criteria (2003) requires at least two of the following: chronic oligo-ovulation
or anovulation, clinical or biological HA, and polycystic ovarian morphology (PCOM) on ultrasound [20].
Notably, ultrasonographic evidence of PCOM in a young, healthy woman is not considered a sign of the
syndrome, as up to 20-30% of all women may have this feature [21]. Furthermore, as per the
recommendation from the international evidence-based guidelines, while using an endovaginal probe with a
frequency bandwidth of 8 MHz, a follicle number per ovary of >20, or an ovarian volume >10 ml on either
ovary, ensuring no corpora lutea, cysts, or dominant follicles are present should be the threshold for PCOM
on either ovary [22].

In 2006, the Androgen Excess Society (AES) indicated that both clinical and biochemical signs of HA and
ovarian dysfunction (oligo-anovulation and PCOM) are required for a diagnosis of PCOS [21]. In 2012, the
National Institutes of Health (NIH) recommended maintaining the comprehensive diagnostic criteria of
Rotterdam, which encompasses the classic NIH and AES criteria, while identifying different phenotypes
based on androgen excess, ovulatory dysfunction, and PCOM [19]. According to the International Evidence-
Based Guideline for the Assessment and Management of PCOS, the Rotterdam criteria are the most widely
accepted diagnostic criteria [22]. In a 2023 guidelines update, anti-Miillerian hormone (AMH) can now be
used instead of ultrasound for diagnosis, offering women a low-cost, convenient diagnostic option without
evidence of overdiagnosis with a sensitivity reported at 86% and a specificity of 91% [23]. In adolescents with
both HA and ovulatory dysfunction, AMH seems to have low specificity, reported at 45% [23,24].

PCOS has a variety of physiopathological manifestations. Biochemical evidence of HA is seen in 60-80% of
women with the syndrome, and about 60% have clinical evidence in the form of hirsutism, acne, and
alopecia [25]. The risk of HTN appears to be independent of the BMI. Still, it is exacerbated in patients with
obesity, and IR is seen in 75% of lean women and 95% of obese women with the condition [26].

Research into the genetic influence of PCOS indicates that the DENNDIA gene, present in ovarian theca
cells and adrenal glands, may be overexpressed in theca cells of women with PCOS, particularly its variant 2,
which could contribute to excess androgen production [4]. The presence of DENNDIA.V2 in adrenal glands
may also account for the simultaneous occurrence of ovarian and adrenal steroidogenesis in nearly 25% of
women with PCOS [4]. The overproduction of androgens stems from the dysfunction of theca cells and the
hypothalamic-pituitary-ovarian (HPO) axis. Anomalous cellular transduction through negative feedback of
estrogen and progesterone leads to irregular gonadotropin-releasing hormone (GnRH) pulsation and
gonadotropin secretion, resulting in a high luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) ratio that induces ovarian dysfunction and androgen overproduction [27]. The ovarian
microenvironment suffers the consequences of this dysfunction due to the elevated levels of AMH secreted
by pre-/small antral follicles, leading to the characteristic PCOM [27]. The interactions between PCOS and
the HPO axis are better explained in Figure /. It is not yet clear whether immature follicles, which give rise
to the cystic appearance of PCOS, precede HA, hyperinsulinemia, and associated clinical symptoms or vice
versa [28].
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FIGURE 1: Pathophysiology of PCOS

Normal physiological processes alongside the disrupted processes typical of PCOS[27]. Dysfunctional theca cells
(1) and an abnormal HPO axis (2) lead to an increased LH/FSH ratio, contributing to ovarian dysfunction and
hypersecretion of androgens (3). The excessive androgens, in turn, affect the ovarian microenvironment, causing
an increase in anti-Mllerian hormone levels (4) and resulting in polycystic ovarian morphology (5)

Figure created by the authors using BioRender and based on information from [27]

PCOS: polycystic ovarian syndrome; HPO: hypothalamic-pituitary-ovarian; LH: luteinizing hormone; FSH: follicle-
stimulating hormone

HAin PCOS

Androgens, a type of steroid hormone, include androstenedione (A4), dihydrotestosterone (DHT),
dehydroepiandrosterone (DHEA), testosterone, and dehydroepiandrosterone sulfate (DHEAS). A4, DHEA,
and DHEAS are considered precursors of testosterone and DHT. These hormones are crucial for the
reproductive hormonal system in women, and their normal synthesis and secretion are essential [29].
Overproduction of androgens, known as HA, is a key clinical feature of PCOS [5]. PCOS is the most prevalent
hyperandrogenic disorder, affecting around 80-85% of women with androgen excess [30]. Clinical
manifestations of HA may include oligo-/amenorrhea, infertility, acne, seborrhea, hirsutism, and alopecia

[5].

Two theories for why HA occurs in PCOS have been proposed. The first theory, the altered gonadotropin
secretion theory, postulates that increased GnRH pulse frequency leads to excessive LH and slightly elevated
FSH levels. Elevated LH stimulates androgen production from theca cells, while elevated FSH stimulates
follicular development and excess estrogen production. The second theory, called the functional ovarian or
adrenal HA theory, postulates that HA originates from dysregulated steroidogenesis at the level of the ovary
or adrenal gland [29].

There is considerable individual variation in the clinical presentations and biochemistry of HA in women
with PCOS. Notably, not all women with PCOS have high levels of testosterone. Some women with PCOS
who do not have elevated testosterone levels may still experience acne, hirsutism, and androgenic alopecia
due to increased androgens produced by adipose tissue and the adrenal glands rather than from testosterone
secretion by the ovaries [31].

In 2012, the NIH consensus panel identified four phenotypes of PCOS (A, B, C, and D). Phenotypes A and B
were classified as "classic PCOS," encompassing patients with HA, ovulatory dysfunction, and PCOM under
phenotype A, while phenotype B included patients with only HA and ovulatory dysfunction. Phenotype C,
termed "ovulatory PCOS," consisted of patients with HA and polycystic ovaries. Finally, phenotype D, labeled
"non-hyperandrogenic PCOS," included patients with polycystic and dysfunctional ovaries [11]. These
phenotypes are summarized in Table 1.
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Phenotypes Hyperandrogenism Ovulatory dysfunction Polycystic ovarian morphology
A + + +
B + + -
@ + - +
D - + +

TABLE 1: Phenotypes of PCOS

Table showing the different phenotypes in women with PCOS, according to the National Institutes of Health (2012) [11]
Table created by the authors based on information from [11]

PCOS: polycystic ovarian syndrome

The distorted interactions among endocrine, paracrine, and autocrine factors responsible for follicular
maturation may contribute to ovarian dysregulation in PCOS. Intrinsic ovarian factors, such as altered
steroidogenesis, and external factors, such as hyperinsulinemia, contribute to excessive ovarian androgen
production [24]. Elevated androgens support follicular recruitment while also inducing follicular atresia,
ultimately leading to the classic appearance of multi-follicular ovaries, or polycystic ovaries, on transvaginal
ultrasonography. However, identifying structures and interpreting ultrasound images is operator-dependent
and requires training [28,32]. The classic ovarian phenotype seen in a transvaginal ultrasound is enlarged
ovaries with string-of-pearl morphology and theca interstitial hyperplasia. However, this is usually not
appropriate in younger girls and women with hymen intact [33]; despite the operator expertise role being
crucial, point-of-care ultrasound (POCUS) provides a valuable, non-invasive diagnostic tool in this group of
patient settings. Still, correct personnel training is required [32,34].

Clinically, PCOS shows long-standing mild to moderate symptoms of androgen excess, such as hirsutism,
acne, alopecia, weight gain, subfertility, or menstrual disturbance. The typical biochemical picture observed
is mild to moderate elevations in serum T, A4, and DHEAS. Generally, rapid virilization suggests non-PCOS
pathology [33].

The precise molecular mechanism connecting androgen dysregulation to HTN remains largely unknown.
However, according to experimental models, it is suggested that androgen levels may directly influence the
RAS in the proximal renal tubule, leading to an increase in the sodium reabsorption flow rate. This, in turn,
could raise extracellular volume and BP [9]. An alternative theory proposes that the hyperandrogenic state
PCOS contributes to an intensified cardiometabolic profile, resulting in endothelial dysfunction and
elevated BP [12]. Additionally, it is postulated that HA may instigate HTN by boosting the production of
angiotensinogen in the kidneys. However, the role of HA in HTN in PCOS remains a topic of debate [9].

Further investigation into the relationship between HA and HTN is crucial, given its frequent and
problematic implications in women's health in the short term, during pregnancy, and in the long run for
patients diagnosed with PCOS.

The impact of the RAS and endothelin in PCOS

A large body of evidence indicates that sex hormones are responsible for sex differences in BP regulation
[35-37]. Before menopause, women are more prone to experiencing low BP compared to men, and estrogen
may play a significant role in this [38]. Research shows that increases in BP are more prominent in males, at
least until later in life, resulting in males having significantly higher BP than age-matched female
counterparts [39]. The impact of estrogen on women's BP, vasculature, and sympathetic nervous system is
evident during the menstrual cycle, as BP shows an inverse relationship with circulating estrogen levels [38].
Studies suggest that premenopausal women have a lower risk of CVD compared to men of the same age,
likely due to the protective effects of estrogen during a woman's fertile years. However, after menopause,
decreasing estrogen levels can lead to a significant increase in the risk of CVD, typically seen about 10 years
after menopause [40].

The RAS regulates the body's hemodynamic equilibrium, circulating volume, and electrolyte balance [41]. In
the human ovary, all components of the RAS have been identified, and it serves a key role in folliculogenesis
and follicular atresia [42]. Prorenin, the inactive renin, is produced by ovarian follicular cells at various
stages of oocyte maturation. As the ovarian follicle matures, the concentration of prorenin increases and
remains elevated until the end of the luteal phase, coinciding with the start of menstruation, after which it
decreases along with progesterone levels. Prorenin concentrations in the reproductive system are generally
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higher than renin concentrations [43].

Follicular atresia is closely linked to PCOS. In atretic granulosa cells, the most expressed isoform of the
angiotensin IT (AT2) receptor is AT2R, which has been found to induce apoptosis. In follicles, FSH acts as a
mild inhibitor of AT2R expression. During the luteal phase, reduced FSH levels relieve the inhibition of AT2R
expression. Consequently, elevated AT2 levels stimulate granulosa cell apoptosis, promoting the atresia of
immature follicles [43].

In women diagnosed with PCOS, heightened levels of plasma prorenin and renin are observed, exhibiting a
positive correlation with serum androgen levels [44,45]. There is a possibility that androgens may contribute
to increased BP by upregulating components of the RAS. As a result, elevated levels of RAS components
could potentially indicate hyperandrogenic chronic anovulation [44]. Renin and angiotensin expression can
be detected immunohistochemically in the thecal cell layer of healthy women, but it is notably expressed in
both granulosa and thecal cells. Thecal cells play a significant role in androgen production in the follicle.
Treatment of women with PCOS using an angiotensin-converting enzyme (ACE) inhibitor led to a
substantial reduction in HTN and serum testosterone, indicating that RAS blockade may inhibit androgen
synthesis [44,45]. An exploration of the relationship between RAS components and IR in PCOS indicates a
significant association between PCOS and RAS, possibly linked in part to increased IR in patients with the
syndrome [46].

Endothelins are a family of peptides involved in many physiological processes. Their involvement in PCOS
was suggested by the observation that obese and non-obese women with PCOS have higher levels of
circulating endothelin-1 (ET-1) compared with controls [47]. The concentration of ET-1 is negatively
correlated with follicle diameter. Another endothelin peptide was recently shown to have an essential
ovarian function: produced by the granulosa cells around ovulation, endothelin-2 (ET-2) affects follicular
rupture and corpus luteum formation. An abnormal endothelin expression pattern in human granulosa cells
from PCOS may contribute to PCOS pathogenesis; it may influence the ovulation process and corpus luteum
formation in an autocrine/paracrine fashion. ET-1 is known to exert an inhibitory effect on follicular
development and luteinization. Therefore, elevated levels of ET-1 in PCOS may interfere with follicular
growth and maturation, resulting in the appearance of excessive small follicles and the lack of corpora lutea
typical in this syndrome. Furthermore, ET-2, known to promote follicular rupture, is lower in PCOS patients.
This, again, may contribute to the ovulation failure observed in these syndrome controls [11,47].
Hypertensive patients do have elevated plasma ET-1 concentrations. It is highly likely that the elevated
plasma ET-1 concentrations in hypertensive patients are secondary to HTN and may reflect endothelial cell
damage [48]. ET-1's crucial role in HTN is depicted in Figure 2.
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FIGURE 2: Endothelin's expression in PCOS and its implications in
blood pressure

PCOS (1) represents an increased risk for insulin resistance (2), disrupted hypoxic response in ovarian granulosa-
lutein cells (3), and androgen excess (4). These situations predispose to the increased expression of ET-1 (5).
ET-1 is a vasoconstrictor peptide (6) that can also contribute to vascular structural changes, including thickened
artery walls and remodeling and lengthening of small arteries (7). These processes are linked to several vascular
diseases, including hypertension (8)

Figure created by the authors using BioRender and based on information from [47]

PCOS: polycystic ovarian syndrome; ET-1: endothelin-1

The association between metabolic imbalances in PCOS and the risk of
HTN

Even though the precise physiological processes are not entirely understood, it is evident that IR is a
significant factor in causing HTN in women with PCOS [49]. IR can be present in PCOS patients with average
weight, but it becomes more prevalent and severe in cases of obesity, which is an independent risk factor for
CVD [50].

Women with PCOS tend to accumulate visceral abdominal fat, leading to chronic low-grade inflammation
and elevated inflammatory markers like C-reactive protein (CRP), tumor necrosis factor-a (TNF-a), and
interleukin-6 (IL-6), which increase their metabolic risk regardless of BMI [1,5]. In obese women with PCOS,
hepatic IR may be prevalent due to intrinsic defects in insulin signaling or receptor activity, decreased
insulin clearance caused by high testosterone levels, excess adiposity, and elevated production of free fatty
acids or cytokines [50]. When cells become less responsive to insulin, blood sugar regulation is disrupted,
leading to compensatory hyperinsulinemia. This condition affects lipid metabolism, protein synthesis, and
androgen regulation, contributing to this population's hormonal and metabolic imbalances, possibly
contributing to HTN through different pathways [49,51]. The paths through which IR contributes to HTN in
PCOS include insulin stimulating the sympathetic nervous system, which increases heart rate and interferes
with endothelium-dependent vasodilation. This results in vascular muscle wall hypertrophy and
vasoconstriction due to diminished nitric oxide (NO) production, ultimately raising BP. Additionally,
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compensatory hyperinsulinemia may be linked to imbalances in the autonomic nervous system and
increased renal sodium reabsorption due to high aldosterone levels. However, the exact mechanism of this
latter effect remains unclear [52-54].

In women with PCOS, there is a notably high prevalence of MS, and the definition of MS includes elevated
BP [14]. Studies conducted in the United States have shown that the occurrence of MS in women with PCOS
is between 43% and 47%, which is approximately twice as high as in control populations matched for age
and BMI [50]. This indicates that PCOS itself, potentially through the promotion of abdominal fat
accumulation, elevates the risk of developing MS. Compensatory hyperinsulinemia plays a significant role by
sensitizing the ovarian theca layer to augment androgen secretion in response to LH, and it seems to have a
similar impact on the adrenal cortex in response to adrenocorticotropic hormone (ACTH). Consequently, the
hyperandrogenic state in PCOS worsens the cardiometabolic profile, resulting in endothelial dysfunction
and elevated BP [12]. According to the 2023 international PCOS guideline update, BP should be measured by
the time of PCOS diagnosis and thereafter annually in all women with the condition [24,55]. Furthermore,
young normal-weight women with PCOS have shown significantly higher BP profiles compared to controls,
and a higher BP has been associated with greater waist circumference and unfavorable cholesterol, which
supports the importance of metabolic screening [55].

Women with PCOS have reported a more atherogenic lipid profile compared to those without the condition
[56]. The lipid profile in women with PCOS is characterized by elevated triglycerides, normal or increased
total and low-density lipoprotein (LDL) cholesterol levels, and decreased high-density lipoprotein (HDL)
cholesterol. This pattern, particularly in overweight women with PCOS, likely reflects the influence of IR,
which is associated with increased triglycerides and reduced HDL cholesterol. Moreover, being overweight or
obese further worsens the fasting lipid profile in this population, increasing their CVD risk [49].

IR typical of PCOS leads to increased lipolysis from adipose tissue, contributing to dyslipidemia, which can
have toxic effects on pancreatic islet cells, inducing apoptosis and increasing the risk of glucose intolerance,
chronic hyperglycemia, and eventually DM2 [54]. Dyslipidemia, the most prevalent metabolic abnormality in
PCOS, along with endothelial dysfunction, an early sign of subclinical atherosclerosis, contributes to higher
systolic and diastolic BP, making HTN a common clinical concern in these patients [12].

Another cardiovascular condition, independent of IR, has been correlated with PCOS. The development of
left ventricular hypertrophy (LVH) without diastolic dysfunction in normotensive women with PCOS is
significantly higher compared to obese women without the syndrome [57]. This suggests that the hearts of
women with PCOS undergo compensatory changes in left ventricular (LV) structure that are not seen in
obese women without PCOS. These changes could be an early indicator of future diastolic dysfunction risk in
these women. Nonetheless, isolating the exact mechanisms behind the development of LV remodeling in
this population is challenging due to the complex and multifaceted nature of PCOS and its associated
conditions and the need to rule out other diagnoses [58-60]. It is well known that HTN, as an independent
risk factor, can cause LVH. Therefore, further research is needed to determine whether women with PCOS
and associated HTN have a higher likelihood of developing LVH with or without diastolic dysfunction
compared to women with HTN without PCOS [58-60].

Current management of PCOS and future directions

Management of PCOS focuses mainly on symptom control as well as factoring in the patient's desire for
pregnancy. Obesity, IR, and HA are the most frequent presentations of PCOS [61]; therefore, among the most
common treatments are antiandrogenic drugs such as combined oral contraceptives (COCP) and insulin
sensitizers like metformin [62]. There is a need to individualize the treatment according to the social
environment of the patient and the current needs of the era [32].

General recommendations for PCOS patients include losing weight since an improved diet and regular
exercise have proven to increase metabolism, improve insulin sensitivity, and help lose weight safely.
Furthermore, inactivity has been associated with obesity, HTN, peripheral IR, and dyslipidemia, as it is
prevalent among PCOS patients, according to the MS model [63]. There is evidence that adherence to dietary
approaches to stop hypertension (DASH) eating patterns for eight weeks among overweight and obese
women with PCOS had beneficial effects on weight, BMI, serum triglycerides, very-low-density lipoprotein
cholesterol (VLDL-C), insulin, plasma total antioxidant capacity, and total glutathione (GSH) levels
compared with the control diet [64]. Weight loss and improved insulin sensitivity were also seen following
energy restriction for 12 weeks in overweight women with PCOS [63]. Reducing up to 5% of one's initial
weight can help restore regular menstruation and boost the reaction to ovulation and reproductive
medications [65]. Even short-term energy restrictions for four weeks in PCOS patients resulted in lower
fasting insulin [57]. All these parameters seem to contribute to a more practical approach to improving the
metabolic profile in patients with the syndrome [66].

Metformin is a biguanide medication that has been proven to be both safe and effective for DM2 as well as
PCOS. Metformin improves insulin sensitivity in peripheral tissues by lowering hepatic glucose production,
boosting glucose absorption, and reducing hepatic glucose synthesis. It reduces dyslipidemia by directly
reducing hyperinsulinemia or altering the liver's free fatty acid metabolism. Metformin has been
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demonstrated in several trials to significantly affect dyslipidemia, although it did not affect total cholesterol
levels. Metformin is prescribed to women with PCOS at a beginning dose of 500-850 mg per day, which can
be raised to 2000 mg per day if tolerated. Moreover, metformin in higher doses can help people lose weight
and improve their lipid profiles, especially if they are obese and have PCOS [67].

Emerging as a new therapeutic option for PCOS, GLP-1 receptor agonists offer distinct benefits in treating
metabolic disorders. To effectively consider a patient with PCOS for GLP-1 analog therapy, screening for MS
is essential as the primary indication and intended use should be to treat obesity (with a BMI >30) or a BMI
>27, accompanied by concomitant metabolic dysfunctions such as HTN, dyslipidemia, obstructive sleep
apnea (OSA), impaired fasting glucose, impaired glucose tolerance, and DM2 [68]. A randomized study
incorporating women with PCOS and obesity who were previously treated with metformin reported more
significant BMI reductions with daily administration of liraglutide, which also proved to reduce visceral
adipose tissue area [69,70].

There is strong evidence that COCP can be used in the management of HA [71]. COCP could effectively
reduce free androgens, especially in severe cases with adolescents, and reduce testosterone while improving
the levels of sex hormone binding globulins (SHBG), which bind to androgens and reduce their
bioavailability. Another antiandrogenic therapy used in women with PCOS is spironolactone. This
aldosterone antagonist has been used as a potassium-sparing diuretic in the setting of HTN since the 1950s.
It was an unintended association that linked its use with improvement in hirsutism in a woman with PCOS
undergoing treatment of HTN, and it has since become the most widely used antiandrogen for female
pattern hair loss in the United States [72]. One of the most frequent side effects of spironolactone is reduced
BP, which could be of great benefit in patients with PCOS [73].

Management of PCOS should be tailored not only to alleviate symptoms but also to prevent the occurrence
of long-term complications. COCP and antiandrogens are the standard care to reduce androgen levels and
treat symptoms while providing endometrial protection [74]. The overall goals of therapy for women with
PCOS include the mitigation of hyperandrogenic symptoms, management of metabolic abnormalities and
reduction of risk factors for DM2 and CVD, prevention of endometrial hyperplasia, planning and obtaining a
safe pregnancy if desired, and improving general well-being and quality of life [75].

Considering the different PCOS phenotypes and risk profiles for other comorbidities, future studies should
target building algorithms or tools facilitating targeted screening for women with PCOS with high metabolic
risk. To further address inconsistencies, more robust evidence is needed with more rigorous studies such as
systematic reviews and meta-analyses [76]. In the future, metabolic modulation in young women with PCOS,
especially before their pregnancy plans, may be an effective solution to prevent the intergenerational
transmission of PCOS and its metabolic disorders [77].

Conclusions

PCOS is a globally prevalent endocrinological disorder primarily affecting women of reproductive age. A
range of factors, including HTN, MS, and IR, alongside the RAS and ET-1 expression, seem to influence the
development of HTN in PCOS patients. Although controversial, some theories link androgen

dysregulation to HTN. One theory suggests that androgen levels may directly control the RAS of the
proximal renal tubule and increase the reabsorption flow rate, thereby increasing extracellular volume and
BP. Another theory proposed that the hyperandrogenic state of PCOS tends to exacerbate the
cardiometabolic profile, causing endothelial dysfunction and elevated BP. Treatments for PCOS mainly
include lifestyle changes as well as antiandrogenic therapy. Considering the prevalence of obesity with PCOS
and its association with HTN, maintaining a balanced diet and regular exercise has proven to increase
metabolism, improve insulin sensitivity, and help lose weight safely, all contributing to reducing BP.
Antiandrogenic therapy, such as spironolactone, is also used to help lower BP in PCOS patients, thus
contributing to more effectively controlling HTN. Further research should target screening tools for women
with PCOS with high metabolic risk. In addition, metabolic modulation in younger PCOS patients seeking to
get pregnant could be a solution for the prevention of metabolic disorders associated with PCOS.
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