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Abstract: Polycystic ovary syndrome (PCOS) is the most prevalent endocrinopathy in women of
reproductive age. The metabolic dysfunction associated with PCOS increases the probability of
developing type 2 diabetes (T2D), endometrial cancer, and cardiovascular disease. Research has
shown that the metabolic features of PCOS may be improved by weight loss following treatment with
glucagon-like peptide-1 receptor (GLP-1R) agonists. Tirzepatide is a dual GLP-GIP (gastric inhibitory
polypeptide) receptor agonist that shares a very similar mechanism of action with GLP-1R agonists,
and it is hypothesized that it may be a potential contender in the treatment of PCOS. The success
of GLP-1R agonists is usually hindered by their adverse gastrointestinal effects, leading to reduced
compliance. The mechanism of action of Tirzepatide partly addresses this issue, as its dual receptor
affinity may reduce the intensity of gastrointestinal symptoms. Tirzepatide has been licensed for the
treatment of type 2 diabetes and given the metabolic issues and obesity that accompanies PCOS, it
may be of value in its management for those PCOS patients who are obese with metabolic syndrome,
although it may not benefit those who are of normal weight. This study reviews the current therapies
for the treatment of PCOS and evaluates the potential use of Tirzepatide to address the symptoms of
PCOS, including reproductive dysfunction, obesity, and insulin resistance.

Keywords: polycystic ovary syndrome; insulin resistance; obesity; metabolic dysfunction; tirzepatide;
glucagon-like peptide receptor agonist; weight loss; hyperandrogenism

1. Introduction

Polycystic ovary syndrome (PCOS) is linked with infertility, hypertension, diabetes,
an increase in cardiovascular disease, and reduced quality of life [1]. Affecting 5–10% of
women, PCOS is the most prevalent endocrine abnormality in premenopausal women [2].
PCOS is a diagnosis of exclusion that can be determined by the National Institute of
Health, the Androgen Society, or the Rotterdam criteria [3]. Due to the differing clinical
presentations of these women and the complex pathophysiology of this syndrome [4], it is
estimated that 70% of women with PCOS in the community are undiagnosed [5].

Anovulation, oligo-ovulation, and hyperandrogenism are defining characteristics of
PCOS and are fundamental components common to the different diagnostic criteria [6].
Additionally, a number of distinct clinical manifestations may be apparent, including
hirsutism and amenorrhea, together with metabolic disorders such as insulin resistance,
prediabetes, type 2 diabetes, and risk of cardiovascular disease [7].

Although the etiology of PCOS remains unknown, it is hypothesized to have emerged
due to the interaction between environmental and genetic factors. Consequently, the goal
of finding an effective treatment for this metabolic dysfunction has become a challenge.
Tirzepatide, a GLP/GIP receptor agonist, has therapeutic potential to address the hallmark
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features of PCOS in those that are obese, making it a potentially strong candidate for
metabolic management.

2. Common PCOS Features

In accordance with the Rotterdam criteria, polycystic ovary syndrome is defined based
on the presence of two of the three criteria after other pathologies, such as congenital
adrenal hyperplasia, thyroid abnormalities, and hyperprolactinemia, have been excluded.
The Rotterdam criteria include irregular menses, hyperandrogenism, and ovarian volume
greater than or equal to 10 mL with or without 12 or more peripheral antral follicles ranging
from 2–9 mm in one or both ovaries [8]. In women with PCOS, symptoms do not appear
until puberty (Figure 1) [9].
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2.1. Hyperandrogenism

In PCOS, ovarian androgen production is responsible for clinical and biochemical
hyperandrogenemia [10]. Androgens are sex hormones responsible for the development of
secondary sexual male characteristics and steroid hormone production, which is important
in both males and females [11]. Hyperandrogenism is characterized by elevated total or
free testosterone levels, increased androstenedione secretion from the ovaries, or increased
dehydroepiandrosterone sulfate secretion from the adrenal gland (DHEAS, an androgen
marker for adrenal function). Higher levels of DHEAS were seen in 20–30% of women with
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PCOS, indicating that hyperandrogenemia is a consequence of hypersecretion from both
the ovaries and the adrenal glands [12].

The dysregulation of steroid hormone production enhances androgen levels due to the
dysfunction of granulosa aromatase activity, a crucial enzyme in converting androgens to
estrogens [13]. Additionally, the excess luteinizing hormone (L.H.) stimulates the produc-
tion of androgens in the ovary, while the relative deficiency of follicle-stimulating hormone
(F.S.H.) impairs the growth of follicles (Figure 2). As a result, there is an imbalance of the
LH:FSH ratio and ovarian theca cells are stimulated to proliferate, resulting in increased
steroidogenesis and eventually leading to hyperandrogenism in women with PCOS [14].
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Hyperandrogenism presents with the clinical symptoms of acne, hirsutism, and an-
drogenic alopecia. High levels of androgens can also contribute to weight gain, menstrual
irregularity, and acanthosis nigricans [15]. A high body mass index, hyperandrogenism,
infertility, and hirsutism have all been reported as major contributing factors to depressive
symptoms and anxiety in women with PCOS. As a result, patients may withdraw from
social interaction and experience mood disturbances [16].

2.2. Insulin Resistance

Insulin resistance affects 30–40% of PCOS patients and contributes to the pathophys-
iology of reproductive dysfunction [17]. Insulin-resistant women with PCOS produce
insulin and regulate their blood glucose levels; however, the body fails to respond to
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insulin efficiently [18] and this may ultimately result in impaired glucose tolerance and
type 2 diabetes. This was shown in a study of 254 PCOS patients, of whom 31% had
impaired glucose tolerance and 7.5% had type 2 diabetes, compared to non-obese PCOS
women of whom 10.3% had impaired glucose tolerance and 1.5% had diabetes. Up to 40%
of women with PCOS develop type 2 diabetes or impaired glucose tolerance, and they
usually have a family history of diabetes [19].

2.3. Hyperinsulinemia

Insulin resistance leads to compensatory hyperinsulinemia [20]. Hyperinsulinemia is
diagnosed when plasma insulin levels are greater than 2 µU/mL and the serum glucose
concentration is less than 60 mg/dL [21]. Hyperinsulinemia is also associated with ovarian
and adrenal hyperandrogenism, as insulin can stimulate androgen production in the ovaries
and adrenal glands [22] (Figure 2).

2.4. Obesity

The prevalence of obesity is recognized as being at epidemic levels globally [23].
Women with PCOS frequently experience significant weight gain, which is a compounding
factor as it also contributes to the pathogenesis of their reproductive issues. Obesity causes
and aggravates insulin resistance, as observed in a study that showed a greater prevalence
of insulin resistance (64%) reported in obese women than in non-obese (20%) women with
PCOS [24]. Moreover, obesity-induced hyperinsulinemia may promote hyperandrogenism
in these women [25].

A positive correlation has been observed between weight gain and the number of
adipocytes present. Consequently, the increased aromatization of androgens leads to an
increased concentration of estrogens within the body. This triggers a negative feedback
loop, suppressing gonadotropin production, hence contributing to infertility in women with
PCOS. This indicates that obesity contributes to the pathophysiology of PCOS, provoking a
vicious cycle [23].

Insulin resistance and hyperandrogenism directly affect each other and can exacerbate
hyperandrogenism through actions on the hypothalamus. They can also increase androgen
receptor synthesis, which worsens the clinical presentation of hyperandrogenism with
hirsutism, acne, seborrhea, and androgenic alopecia.

3. PCOS Management

The Endocrine Society guidelines recommend lifestyle changes and weight loss as the
initial advice for managing women with PCOS; this includes engaging in physical activity,
eating a healthy diet, and making behavioral changes [26]. PCOS treatment generally
concentrates on managing infertility due to anovulation and treating symptoms concerning
elevated androgen levels, which may require long-term therapy. This approach helps
address the issues associated with PCOS (primarily menstrual disorders, acne, obesity,
and hirsutism) [27]. Medical pharmacological agents such as liraglutide, metformin, and
orlistat have also been used [28].

The treatment paradigm is changing as women globally face different issues regarding
PCOS. PCOS treatments may target the GLP-1R as the “anchor pharmacophore”, and there
is emerging evidence for using tirzepatide to manage obesity and insulin resistance [29].
Tirzepatide is a dual glucagon-like peptide-1 and glucose-dependent insulinotropic peptide
(GIP) receptor agonist and is also known as a “twincretin”. This drug has shown potential
through its ability to utilize particular signaling pathways and possesses distinct potencies
for receptors involved in obesity and insulin resistance. Therefore, it is hypothesized that
tirzepatide should enhance the efficacy that is usually exhibited by GLP-1R agonists [30].

Lifestyle

Women with PCOS should lose 5–10% of their body weight in order for there to
be a notable clinical improvement [31]. Before resorting to pharmacotherapy, lifestyle
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change/management is recommended to treat obesity in women with PCOS [32]. A
healthy diet can lead to weight loss, improved insulin metabolism, increased regularity of
menses, and a reduction in testosterone and cholesterol levels [33], but these diets have
not been effective in treating biochemical hyperandrogenism [34]. Whilst more research
is needed to determine the optimal dietary approach, any diet must focus on delivering a
caloric deficit to enable weight loss [31].

In addition to a healthy diet, physical exercise is also recommended for improving
clinical outcomes [33]. In a randomized controlled trial involving 130 morbidly obese
women with PCOS, exercise reduced waist circumference and liver fat mass more effectively
compared to a control group of women with PCOS who did not exercise [35]. Although
exercise can lead to improvements in the cardiometabolic profile, it is advised to approach
physical activity in a moderate and sustained manner. This is because acute strenuous
exercise can activate platelets and lead to negative cardiovascular sequelae. Additionally,
practicing intense exercise and extreme dieting may be hazardous [36]. Obese women also
suffer from joint problems and arthritis; therefore, exercise therapy may be limited for these
subjects [31].

Changes in behavioral habits can also aid women in accomplishing their weight loss
goals, which further promotes the alleviation of some PCOS symptoms. When it comes
to addressing mental wellbeing, creating goals and having a support group are common
approaches. Moreover, the implementation of self-help routines, such as ensuring adequate
sleep, can reduce stress in PCOS patients [37]. The frequent occurrence of depressive
symptoms (44%) and anxiety (42.9%) in PCOS patients causes them to experience lower
moods and loss of motivation [38]. Consequently, this can make these lifestyle changes
extremely challenging to implement and maintain [31,38]. This has translated into the
low adherence rates reported amongst PCOS patients enrolled in lifestyle intervention
programs, which focus on a hypocaloric diet, exercise, and behavioral strategies [39].

4. PCOS Pharmacotherapy
4.1. Glucagon-Like Peptide-1 Receptor Agonists

Studies have demonstrated that substantial weight loss will only occur with a caloric
deficit, where energy expenditure exceeds energy intake [40].

GLP-1R agonists are tailored to emulate the effects of the hormone GLP-1, secreted
from the L cells in the distal portion of the small intestine [41], which causes a reduction
in glucagon release, suppression of the hypothalamic hunger center, and slowing of gas-
tric emptying (Figure 3). In addition, GLP-1R agonists affect insulin release, increasing
postprandial glucose levels that lead to early satiety [42].

GLP-1R agonists are well recognized for reducing energy intake by suppressing
appetite and achieving a state of satiety [43]. GLP-1R immunoreactivity was found in the
neurons of the myenteric and submucosal plexuses within the duodenum and proximal
colon in animal models. These receptor populations regulate gastrointestinal motility [43].
Further investigation established that neuronal GLP-1R located within the brain mediates
the anorectic effect of GLP-1R agonists [44]. The precise location of these receptors in the
brain was determined through the use of fluorescent-tagged liraglutide, a GLP-1R agonist,
that was tracked after subcutaneous injection in mice. The receptors were observed to be
located within structures influencing feeding behavior, like the hypothalamus, brainstem,
and circumventricular organs like the median eminence and area postrema [45].

GLP-1R agonists also regulate homeostatic feeding, which involves adjusting caloric
intake to maintain energy balance. This is achieved by enhancing the functional connectivity
between the nucleus tractus solitarius and the arcuate nucleus within the hypothalamus.
These structures are a crucial part of the main regulatory circuit of homeostatic feeding [46].
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4.2. The Effect of GLP-1R Agonists on Lipid Metabolism

At a molecular level, a correlation is seen between insulin resistance and lipid metabolism
disorders. Insulin sensitivity can be negatively affected by an elevation in the levels of
cholesterol, triglycerides, low-density lipoproteins, and very low-density lipoproteins [47].
The GLP-1R agonist liraglutide was shown to reduce triglycerides, total cholesterol, and
non-esterified fatty acid levels. Reduced concentrations of leptin and elevated levels of
adiponectin were also observed [48]. This indicates that GLP-1R agonists play a major role
in lipid metabolism [49] and can be optimized when treating dyslipidemia [47]. It is believed
that these agonists function by modulating micro-RNA involved in lipid metabolism and
inducing lipid metabolic enzymes [50].

Adipogenesis is a process used to describe the hypertrophy of adipocytes and results
in the accumulation of adipose tissue [51]. GLP-1R agonists limit the hypertrophy of
adipocytes by inducing the phosphorylation of specific transcription factors, such as cAMP
response element-binding protein (CREB) and extracellular signal-regulated kinase (ERK).
This decreases the expression of fatty acid synthase, an enzyme crucial in lipogenesis [52].
Consequently, a significant reduction in visceral fat may follow [49]. A study on liraglutide
showed a reduction in the accumulation of triglycerides in the liver and mesenteric adipose
tissue [48]. In addition, liraglutide also caused a reduction of hepatic lipid deposition due to
the downregulation of the expression of monoacylglycerol and diglyceride acyltransferases,
key enzymes in triglyceride synthesis.

GLP-1R agonists promote lipolysis by stimulating the fibronectin type III domain-
containing protein 5 (FNDC5) gene in pancreatic beta cells. Activation of this gene also
enhances insulin secretion. Therefore, the balance between glucose and insulin levels leads
to lower plasma cholesterol, triglycerides, and free fatty acids [53].

4.3. The Effect of GLP-1R Agonists on Oxidative Stress

Oxidative stress is hypothesized to play a major role in the pathophysiology of
PCOS [54]. Oxidative stress is commonly described as the imbalance between free radi-
cals and antioxidants within the body [55,56]; it has been closely correlated to the PCOS
phenotype of obesity and insulin resistance [54] while also increasing the probability of
cardiovascular disease in women with PCOS [57]. It has been reported that women with
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PCOS had a 19% higher probability of developing cardiovascular disease compared to
patients without PCOS [58]. Additionally, lower levels of glutathione and total antioxidant
capacity were observed in PCOS women [54].

Liraglutide may reduce oxidative stress, an effect independent of its effect on glucose
metabolism. However, importantly, this study was done on patients with type 2 diabetes,
not women with PCOS [59]. The GLP-1 hormone enhances the capability of pancreatic beta
cells to antioxidize by activating the transcription factor nuclear factor erythroid 2-related
factor 2 (NRF2) [60], which expresses genes involved in cellular defense against oxidative
stress [61]. Antioxidation with the aid of GLP-1 is also achieved by inactivating ERK
1/2, another transcription factor involved in promoting oxidative stress and intracellular
reactive oxygen species [62].

By reducing oxidative stress, GLP-1R agonists prevent damage to endothelial cells
from endothelial dysfunction, which impedes atherosclerosis development [62], further
decreasing the risk of cardiovascular disease [63].

4.4. The Effect of GLP-1R Agonists on Inflammation

Inflammation plays a significant role in the pathogenesis of PCOS [64]. Hence, ther-
apies based around GLP-1 may be more efficient in treating PCOS because of their anti-
inflammatory properties [65]. Inflammation is often exacerbated by an increase in visceral
adiposity and the pro-inflammatory impact of hyperandrogenism [65].

When monocytes migrate from blood vessels into the interstitial space, inflammation
is provoked in adipocytes. These monocytes develop into macrophages once the adipocytes
have produced monocyte chemoattractant protein-1 (MCP-1), a pro-inflammatory cytokine.
The migration of these monocytes is more vigorous in individuals with obesity; how-
ever, animal studies have demonstrated that GLP-1 causes a decline in the infiltration
of macrophages within adipose tissue [66] and reduces the production and expression
of pro-inflammatory cytokines, such as interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-α), and MCP-1 [67].

The anti-inflammatory characteristics of this pharmaceutical class were further sug-
gested by a cell line study using exendin-4, a GLP-1R agonist. Exendin-4 inhibited nuclear
factor kappa B (NF-κB), a transcription factor associated with the response to inflammation.
Consequently, the suppression of lipopolysaccharide (LPS)-induced monocyte migration
and pro-inflammatory cytokine secretion was observed. This GLP-1R agonist also caused a
rise in insulin-stimulated glucose uptake [68,69] and further exerted its anti-inflammatory
effects by increasing the secretion and production of the hormone adiponectin [70], which
has both anti-inflammatory and insulin-sensitizing properties [71]. Exenatide therapy in
PCOS patients led to weight loss and an improvement in inflammatory markers [72].

Other tissues, like the vascular endothelium and the liver, are also vulnerable to
damage caused by inflammation [73]. However, the anti-inflammatory effects of GLP-1R
agonists extend well beyond adipose tissue. This was demonstrated by a study assessing
the effect of liraglutide on atherothrombotic risk in obese individuals. Liraglutide was
administered to 19 obese women with PCOS and 17 controls. Both groups were found to
have a substantial decrease in atherothrombotic markers (such as markers of inflammation,
endothelial function, and clotting) after six months of treatment [74]. Another study
reported a decline in the adhesion of monocytes to cultured aortic endothelial cells treated
with liraglutide; liraglutide also reduced the inflammatory response to TNFα and LPS
stimulation [75].

GLP-1R agonists also exert their anti-inflammatory effects on the liver. A strong
association has been reported between PCOS and no-nalcoholic fatty liver disease [76].
However, a rodent study found that liraglutide can reduce hepatic inflammation and
alleviate the accumulation of M1 pro-inflammatory macrophages [77].

Multiple studies comparing different GLP-1R agonists with metformin or orlistat have
been conducted to determine the most effective weight loss option for patients with PCOS.
In a double-blind placebo-controlled trial, PCOS patients were administered liraglutide over
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20 weeks; 76% of women lost more than 5% of their weight compared to those in the placebo
group or those treated only with metformin [78]. A systematic review and meta-analysis
directed towards the anti-obesity effects of GLP-1R agonists further reported evidence
of higher weight reduction (weighted mean difference (WMD) = −2.61), greater waist
circumference reduction (WMD = −3.46) and change in body mass index (WMD = −0.93)
associated with the treatment of GLP-1R agonists [79]. Along with these studies and several
additional meta-analyses, it can be concluded that GLP-1R agonists, especially liraglutide
and semaglutide, are successful in inducing substantial weight reduction, are well tolerated,
and also show signs of improving obesity-related risk factors [80,81].

Though GLP-1R agonists offer significant benefits in women with PCOS, they also
have side effects, such as nausea, vomiting, diarrhea, constipation, and abdominal pain [82].
Other less common side effects include dyspepsia, mild tachycardia [83], nasopharyngitis,
and headaches [84]. Due to their administration via injection, women with PCOS treated
with long-term GLP-1R agonists, including exenatide and liraglutide, also reported expe-
riencing injection site reactions, particularly pruritus and erythema [85,86]. However, it
should be noted that these side effects are transient and should not necessarily lead to the
discontinuation of the treatment. Additionally, research has shown that the advantageous
weight loss effect of this incretin-based therapy reverses when the medication is stopped.

Due to the side effects observed, patients with gastroparesis, inflammatory bowel syn-
drome, or other gastrointestinal diseases are advised against taking GLP-1R agonists [85].
Moreover, this class of drug is also contraindicated in patients with hypersensitivity to
GLP-1R agonists, pancreatic cancer, or a history of pancreatitis [87]. As reported from
in vivo testing, GLP-1R agonists, specifically liraglutide, can induce hyperplasia in thyroid
C cells and tumors in primates; therefore, it is recommended to avoid GLP-1R agonists
in patients with a past history or family history of medullary thyroid cancer or multiple
endocrine neoplasia 2 [88–90].

Despite the contraindications and side effects, substantial weight loss is observed
due to the actions of GLP-1R agonists in PCOS patients. The proven success of this
pharmaceutical class paves the way for other drugs with common mechanisms of action.

5. Tirzepatide

GLP-1R agonists are now common in medical practice; however, these same receptors
can be further utilized by dual agonists like tirzepatide. Tirzepatide is a newly FDA-
approved drug used in the management of type 2 diabetes. Along with mimicking the
action of the GLP-1 hormone, this dual agonist also influences the activity of the gastric
hormone glucose-dependent insulinotropic polypeptide (GIP) [91].

Tirzepatide, a 39 amino acid synthetic peptide, was synthesized by incorporating the
activity of GLP-1 into the sequence of the GIP hormone [92]. This engineering of the drug
resulted in a chemical structure consisting of a fatty-diacid-added analogue of GIP, which
aids in enhancing the metabolism and absorption of tirzepatide. Additionally, glutamic
acid units and two (2-(2-aminoethoxy)ethoxy)acetic acids are bound to the side chain of the
lysine amino acid in the fatty-diacid component [93]. This structural arrangement enables
tirzepatide to have a higher affinity for albumin, a plasma protein, which contributes
to the drug’s longer half-life and allows it to be dosed once weekly [94]. This pharma-
cokinetic attribute provides a major pharmacodynamic advantage, making tirzepatide
more efficacious.

5.1. Mechanism of Action

While previous studies have reported that GIP alone has no significant role as a
therapeutic agent upon insulin levels in T2D patients, with all effects appearing to be
accounted for by GLP-1, more recent research has contradicted this claim [95]. Recently, it
has been shown that the incorporation of both gastrointestinal hormones, GLP-1 and GIP,
has a synergistic effect. The integration of GIP and GLP-1R agonists has demonstrated a
better outcome in reducing weight and blood glucose by affecting insulin concentrations
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compared to each hormone being administered individually [95]. Tirzepatide is classed as
an imbalanced dual GLP-1/GIP agonist because it binds to both receptors with different
affinities. While the molecule shows the same affinity for the GIP receptor in comparison
to the GIP hormone, it binds to the GLP-1R with an affinity that is five times weaker than
the GLP-1 hormone itself. This imbalanced nature may be important in the efficacy of the
drug because dose escalation for GLP-1R activation may be limited by gastrointestinal side
effects (like vomiting and nausea) [96], whilst GIPR activation is not associated with these
side effects. A pharmacologically biased potency at the GIPR allows for full engagement
within the GIP pathway while reducing GLP-1-associated tolerability problems [93] and
increasing patient compliance [97].

5.2. GIPR Activity

GIP is a gut hormone that is produced from the K cells in the upper portion of the small
intestine in response to the stimulus of a nutrient supply [98]. GIP receptors are expressed
in adipose tissue, the central nervous system, and bones. GIP improves the function of
white adipose tissue and has an intense anorexigenic impact through the integration of
activation signals within the brain [99].

5.3. The Role of GIP in Glucose Metabolism

The function of GIP is to promote the secretion of nutrient-stimulated insulin and
glucagon, making it a crucial factor in maintaining glucose metabolism in humans.

5.4. Insulin

GIP, as compared to GLP-1, has an augmented impact on the secretion of insulin. This
is demonstrated by the fact that GIP accounts for 44% of the factors influencing insulin
release in response to a 50 g oral glucose load, whereas glucose alone accounts for 33% and
GLP-1 accounts for 22% [100]. GIP, paired with either insulin or GLP-1 signaling, causes
a decline in weight and blood glucose. The involvement of GIP at the molecular level is
very similar to GLP-1. It causes an increase in cAMP which ultimately increases insulin
release from pancreatic beta cells while also upregulating pro-insulin gene transcription and
leading to increased insulin content within beta cells [101]. However, these effects are not
observed in those with insulin-resistant conditions like type 2 diabetes [102]. Additionally,
the GIP hormone may play a role in facilitating the proliferation of pancreatic beta cells in
response to a glucose stimulus in animals [103].

5.5. Glucagon

The physiological importance of GIP-induced glucagon release remains unclear. Dur-
ing hyperglycemic episodes, GIP does not impact the secretion of glucagon, unlike GLP-1.
Neither does GIP stimulate glucagon release in those with hypoglycemia where there is
normally increased glucanotropic activity as part of the counter-regulatory response [104].
The loss of GIPR activity in pancreatic beta cells has been associated with hyperglycemia
and a decrease in postprandial insulin secretion. It has been suggested that GIP may also
be responsible for the reduction in the expansion of pancreatic alpha cells in cases of high
blood glucose levels [104].

5.6. The Role of GIP in Lipid Metabolism

Through the increase in blood flow in adipose tissue and uptake of triglycerides, GIP
modulates fat metabolism with high efficiency, affecting energy storage and controlling
fat accumulation [105]. Not only is GIP crucial in controlling food intake, but it also
regulates the activity of the enzyme lipoprotein lipase, which in turn controls lipolysis
within adipocytes. GIP also has lipolytic effects in states of hyperglycemia and low insulin
concentration levels [105].
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5.7. Pharmacodynamics of Tirzepatide

Tirzepatide is a subcutaneous injection that can be taken with or without food. The
dosage is initiated with the lowest dose and can be increased gradually. The minimum
dosage is 2.5 mg per week with a maximum of 15 mg per week and should be adjusted
according to blood glucose levels. This drug aids in controlling blood glucose concentra-
tions which, by definition, are impaired in patients with type 2 diabetes [106]. Tirzepatide
is given to patients with type 2 diabetes after meals to stimulate insulin during both phases
of its secretion and concurrently suppresses glucagon release, decreasing blood glucose
levels [101]. Tirzepatide also increases insulin sensitivity, which aids glucose transport into
cells. Additionally, the drug contributes to weight reduction by preventing gluconeogenesis
by acting on the liver cells, and also slows down the transport of food in the gut, resulting
in decreased food intake [107].

5.8. Side Effects and Contra-Indications

Tirzepatide has been shown to cause thyroid C cell tumors in animal studies. Thus,
the FDA has given a boxed warning, one of the strictest warnings, to tirzepatide for thyroid
C cell tumors. However, no sign of cancer has been observed in humans to date, although
continuous monitoring is needed. Moreover, tirzepatide is not advised for patients with a
family or personal history of thyroid cancer [91]. As the drug delays stomach emptying,
it is not advisable for patients with gastroparesis. Tirzepatide can cause adverse effects
like vomiting, constipation, diarrhea, and abdominal pain. Tirzepatide also interacts with
drugs that have a narrow therapeutic index, such as anti-platelet drugs. Additionally, it
could also affect the regulation of oral contraceptives [108].

5.9. Clinical Trials

Five clinical trials in diabetes have been undertaken (Surpass 1–4) [109–113] and the
baseline characteristics are shown in Table 1.

Table 1. Baseline clinical trial design for SURPASS 1-5 [109–113].

Trial SURPASS 1 SURPASS 2 SURPASS 3 SURPASS 4 SURPASS 5

Tirzepatide 5 mg/10 mg/15 mg 5 mg/10 mg/15 mg 5 mg/10 mg/15 mg 5 mg/10 mg/15 mg 5 mg/10 mg/15 mg
Comparator Placebo Semaglutide 1.0 mg Insulin degludec Insulin glargine Placebo + Insulin glargine

Trial
duration 40 weeks 40 weeks 52 weeks 52 weeks 40 weeks

Design double-blind
placebo-controlled open-label open-label open-label double-blind

placebo-controlled
Tirzepatide 5 mg 10 mg 15 mg 5 mg 10 mg 15 mg 5 mg 10 mg 15 mg 5 mg 10 mg 15 mg 5 mg 10 mg 15 mg

Patients
number 121 121 121 470 469 470 358 360 359 329 328 338 116 119 120

In each of the studies, there was a dose-dependent reduction in HbA1c, indicating
improved glycemic control in the subjects with type 2 diabetes during these 26 weeks.
In addition, a marked decrease in body weight was seen with tirzepatide ranging from
−0.9 to −11.3 kg, and a summary of the weight reduction for each clinical trial is shown
in Figure 4. Tirzepatide has shown better results in the reduction of weight and glycated
hemoglobin in patients compared to semaglutide, which appears to be the most potent out
of the GLP-1RAs [111].
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In addition to the weight loss reported, other beneficial results such as lipid level
reductions, control in blood pressure, and fasting insulin levels improved. Additionally,
obese patients without diabetes given the highest dosage of 15 mg tirzepatide over 72 weeks
showed a 5% reduction in weight for approximately 95% of patients in the phase 3 trial [114].
During the treatment analysis, 40% of adults also showed at least a 25% loss in baseline
weight [114]. The same clinical trial reported that patients had an increase in satiety [114].
Moreover, a trial by the American Diabetes Association supported the previous trial and
noted that taking tirzepatide helped lose weight for 9 out of 10 obese adults [115,116].
Bariatric surgery results in weight loss with a 25% to 30% reduction rate over a period
of 1–2 years, and recently approved drugs like tirzepatide yield approximately a 3–8%
reduction on average [117].

Tirzepatide helps with weight reduction and insulin sensitivity, two of the major
problems associated with PCOS. It has been stated that there is a greater probability for
PCOS patients to develop T2D [118]. This is mainly due to the resistance to insulin that
many PCOS patients suffer from. Tirzepatide has been proven to treat these conditions,
and it can be a potential drug to be used in PCOS. Additionally, tirzepatide helps alter
the gut biome favorably, which is beneficial to PCOS patients as there is an association
between the gut biome and PCOS: gut dysbiosis is possibly a cause of PCOS [119]. This



J. Clin. Med. 2023, 12, 4575 12 of 19

suggests that tirzepatide may be effective for those PCOS patients who are obese with
metabolic syndrome, though not of benefit in those who are of normal weight. However,
caution needs to be exercised despite the therapeutic promise that tirzepatide may have
for the metabolic features of PCOS. Oral contraceptives are used in PCOS to give a regular
menstrual cycle and for the treatment of hirsutism, and there is the potential that tirzepatide
may interfere with their action; however, conversely, weight loss improves OCP efficacy
and tirzepatide would not be expected to negatively affect alternative routes of hormonal
contraceptive delivery such as vaginal or transdermal. Until confirmation that tirzepatide
has no teratogenic effects, effective contraception must be used should tirzepatide be
prescribed. For PCOS patients where fertility is an issue, tirzepatide is contra-indicated
until more is known about its teratogenic potential. In addition, if tirzepatide is used in
these young women with PCOS, it would be wise to have a washout period and not to aim
for fertility, empirically, within two to three months of stopping the drug.

6. Additional Management Strategies in PCOS
6.1. Orlistat

Orlistat, a lipase inhibitor, is licensed for the management of weight in patients
with obesity and has been used in the treatment of PCOS. This weight loss drug reduces
lipid absorption by ~30% in the gut [120]. In a 12-week randomized open-label study,
women with PCOS reported having a 4.69% decrease in weight associated with orlistat
treatment [121]. Additionally, the study demonstrated that 90% of the orlistat-treated
group observed a substantial weight reduction, while only 10% showed a small (0.2%)
gain in weight. However, its poorly tolerated side effect profile, leading to gastrointestinal
symptoms, limits its use. The majority of patients have reported experiencing steatorrhea,
cramping, and diarrhea with fecal urgency and mild flatulence [122]. In addition, significant
weight is only lost when lifestyle changes have been implemented concurrently alongside
the intake of orlistat [123]. These side effects have decreased patient compliance, eventually
leading to affected women regaining the weight initially lost due to orlistat.

6.2. Metformin

Metformin is the only licensed biguanide and is the primary initial medical therapy
for type 2 diabetes. Metformin reduces gluconeogenesis by acting on the liver as well
as adipose tissue, skeletal muscle, endothelium, and the ovaries [124]. It reduces insulin
resistance and consequently is commonly used off-label for women with PCOS. However,
there is significant controversy around its effectiveness in weight loss. A systematic review
and meta-analysis of 543 women with PCOS found no relationship between metformin
and body weight or body mass index [125]. In contrast, PCOS patients taking metformin
over six months reported a mean weight loss of 2.3 kg in a randomized, controlled, double-
blinded trial [126]. The latter study suggests metformin may cause moderate weight loss,
but the conclusions of the randomized studies are contradictory, and metformin’s effect on
body weight in PCOS appears inconsistent.

Metformin given in high doses to women with PCOS is more effective but exhibits
multiple side effects. The side effects most commonly observed in PCOS patients are
gastrointestinal symptoms like nausea, vomiting, diarrhea, flatulence, abdominal pain, and
anorexia [127]. In addition, women with PCOS taking long-term metformin were reported
to suffer from vitamin B12 deficiency, particularly in anemic or peripheral neuropathy
patients [128].

Due to the lack of evidence for its efficacy and dose-dependent side effects and the
fact that it may not affect all PCOS phenotypes, there are reservations for the use of
metformin [127].

7. Bariatric Surgery

There are a number of bariatric surgery procedures, including Roux-en-Y gastric by-
pass, sleeve gastrectomy, adjustable gastric band, biliopancreatic diversion with duodenal
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switch, and single anastomosis duodeno-ileal bypass with sleeve gastrectomy; however,
most randomized control trials only enroll small numbers of obese patients with PCOS and
have a follow up limited to one or two years; despite these limitations, all studies report
successful weight loss [129–131]. Patients must meet eligibility criteria for surgery, such as
having a BMI greater than 35 kg/m2 and at least one serious complication [47]. Considering
only 11.5–12.4% of PCOS patients have a BMI in the range of 35–40 kg/m2 [132], most are
not suitable candidates for this therapy [133].

Bariatric surgery results in an increase in the release and circulation of gut pep-
tides (including GLP-1), which may be an important driving factor for weight loss after
surgery [134,135]. GLP-1 is an agonist for the GLP-1 receptor (GLP-1R), which regulates
many pathways controlling fat metabolism, satiety, and pancreatic beta cell function [136].
Significant improvements in the features of PCOS post bariatric surgery were also observed
in a meta-analysis involving 2130 women with a mean BMI of 48.1 kg/m2. A reduction
(from 45.6% to 6.8%) in PCOS incidence was reported in a follow-up 12 months after
surgery. Positive effects on menstrual irregularities and hirsutism were also observed [137].
However, since the surgery is expensive, invasive, and irreversible, it is not a commonly
employed approach for PCOS treatment [136]. It was therefore hypothesized that us-
ing pharmacotherapy that mechanistically mimics surgery may be a more cost-effective
alternative [136].

8. Conclusions

PCOS affects androgen production and metabolism, leading to insulin resistance,
metabolic disorders, and impaired mental health. These abnormalities could further affect
weight and reproductive function in adults [138]. Weight gain is a major problem in women
with PCOS that exacerbates health conditions such as diabetes and cardiovascular disorders
and worsens anovulation and disrupted gonadotropin production. Weight loss has proven
to be beneficial in decreasing these abnormalities. Several treatments, such as lifestyle
alteration, various pharmaceutical agents, and bariatric surgery, have all been considered
in managing PCOS. Although GLP-1R agonists have been shown to be the most successful
agents for weight loss, these drugs also have their limitations. Tirzepatide is a newly
approved FDA drug that significantly reduces weight loss and improves insulin sensitivity
in patients with and without diabetes. While this drug has several gastrointestinal side
effects, there is a reduction in their intensity (relative to GLP-1RA drugs alone) due to its
dual mechanism of action. Tirzepatide could be a novel therapeutic strategy for PCOS,
particularly in addressing weight gain and insulin sensitivity. However, to confirm this,
robust clinical trials will need to be undertaken with tirzepatide in PCOS patients. Further,
such clinical trials should incorporate subjects of differing ethnicities.
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