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ABSTRACT

Polycystic ovary syndrome is a very common
endocrine disorder prevalent in premenopausal
women. Patients with polycystic ovary syndrome
present with abnormal menstruation, ovulation
disorders, and hyperandrogenemia. They are often
accompanied by insulin resistance, metabolic
disorders, and other cardiovascular abnormalities.
Also, they have comorbidities, such as dyslipidemia,
obesity, diabetes type 2, non-alcoholic fatty liver
disease, which all influence the treatment plan.
Metformin has been defined as a treatment option in
patients with polycystic ovary syndrome. However,
the clinical responses to metformin are limited.
Thus, the need for novel treatments with a broad
range of coverage for the complications is
warranted.  Sodium-glucose  co-transporter 2
inhibitors, glucagon-like peptide-1 receptor agonists,
incretin analogs are novel drugs approved for
treating type-2 diabetes. Because of their recorded
benefit with weight loss, improved insulin
resistance, and cardiovascular benefits in recent
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studies, they may help polycystic ovary syndrome
women address the polycystic ovary syndrome-
related risk of metabolic, reproductive, and
psychological consequences. Limited literature is
available on the safety and efficacy of these novel
antidiabetic drugs in patients with polycystic ovary
syndrome. Thus, this review is investigating the role
and effectiveness of novel antidiabetic medication as
an early therapeutic option in polycystic ovary
syndrome.
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Abbreviations

Polycystic ovary syndrome (PCOS); type-2 diabetes
mellitus (T2DM); glucagon-like peptide-1 receptor
antagonists  (GLP-1  RAs);  sodium-glucose
transporter-2 inhibitors (SGLT2i1); functional ovarian
hyperandrogenism (FOH); nonalcoholic fatty liver
disease (NAFLD); sex hormone binding globulin
(SHBG); body mass index (BMI); body weight
(BW); dehydroepiandrosterone sulfate (DHEAS);
dipeptidyl peptidase-4 (DPP-4); visceral adipose
tissue area (VAT); fibroblast growth factor 21 (FGF-
21); luteinizing hormone (LH); low-density
lipoprotein (LDL); oral contraceptive pills (OCPs);
phosphoinositide 3-kinase (PI3K)/AKT; forkhead
box protein O1 (FoxO1).

1. Introduction

Polycystic ovary syndrome (PCOS) is the most
common endocrinological disorder due to hormonal
dysfunction in females of reproductive age. With
prevalence ranging between 5-15%, PCOS remains a
multifactorial disorder that still requires extensive
research in management techniques and how it
affects bodily functions widely!. A higher
prevalence of PCOS is seen in Mexican-Americans
than non-Hispanic whites and African Americans?.
The diagnosis of PCOS is usually clinical and based
on the exclusion of other disorders. PCOS is
diagnosed with two out of three criteria: chronic
anovulation,  hyperandrogenism  (clinical or
biological), and polycystic ovaries®. The hypothesis
behind the etiology of PCOS, that individuals with a
genetic  predisposition  exposed to  certain
environmental factors such as obesity and insulin
resistance®. Dysregulation of androgen secretion
with an over-response of 17-hydroxyprogesterone
(17-OHP) to gonadotropin stimulation leads to
functional ovarian hyperandrogenism (FOH)*. FOH-
associated PCOS presents with symptoms of
hyperandrogenism, oligoanovulation, and polycystic
ovaries’. The consequences of these hormonal
imbalances include insulin excess, which sensitizes
the ovary to luteinizing hormone (LH), causing an
intrinsic imbalance among intraovarian regulatory
systems®*. Clinical hyperandrogenism is diagnosed in
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adult women with hirsutism, alopecia, and acne. All
these symptoms can help identify PCOS patients'.
Furthermore, PCOS and its effect on endocrine
dysregulation functions can cause significant
outcomes that could be life-threatening, including
cardiovascular  disease, endometrial  cancer,
metabolic syndrome, and type-2 diabetes mellitus
(T2DM)*. PCOS becomes a controversial and
complex disorder to treat and may require the
expertise of several specialists, long duration, and
regular follow-ups for diagnosis and proper
management.

Treatment of PCOS is also complex and requires
either a single or combination of medications and
therapies. Lifestyle modification with weight loss
can improve anovulation due to obesity and even
improve insulin sensitivity in PCOS patients®. Other
medications, such as oral contraceptives (OCPs),
clomiphene citrate, and thiazolidinediones are used
to treat symptoms of hyperandrogenism and may be
used in combination with anti-diabetic agents to
promote an increased therapeutic effect of
management may also play a role in improving
infertility and reproductive function in PCOS
patients by stimulating ovulation®*. Since obesity and
insulin resistance are major contributors to
complications in PCOS patients, anti-diabetic agents
may effectively promote insulin action, thereby
promoting weight loss and improving T2DM?.
However, due to metabolic derangements, the risk of
cardiovascular diseases, liver disease, and other
metabolic syndromes is high in PCOS patients. The
commonly used OCPs further adds to the risk of
dysglycemia and cardio-metabolic risk factors.
Current guideline treatment strategies for PCOS do
not effectively target these risk factors and
complications, and new investigations are mandated.
Studies of newer glucose-lowering agents, such as
glucagon-like peptide-1 receptor antagonists (GLP-1
RAs) and sodium-glucose transporter-2 inhibitors
(SGLT?2i) and incretin analogs, have been promising
in managing the metabolic complications of PCOS*.
This review aims to study the effectiveness of novel
antibiotic medication use in PCOS patients.

2. Complications in polycystic ovary syndrome

PCOS is a multifactorial disease that bears multiple
comorbidities and long-term implications to account
in the future. Some complications require a
multidisciplinary approach for management and
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follow-up, leading to fatal consequences. Significant
complications include infertility, obesity, metabolic
syndrome, T2DM, cardiovascular  disease,
depression, nonalcoholic fatty liver disease
(NAFLD), and endometrial cancer?.

Patients with PCOS are prone to
hyperandrogenism with abnormally increased
testosterone production®. Increased testosterone, in
turn, increases the production of insulin in the body,
causing hyperinsulinemia that is associated with
multiple pathophysiological mechanisms disrupting
the body’s metabolic pathway*. Hyperinsulinemia
can lead to prediabetes and T2DM?*?. PCOS patients
have a prevalence of 40% of developing impaired
glucose tolerance and T2DM?*. Moreover, insulin can
increase the production of theca cells in the ovaries
that produce androgens leading to hirsutism®. Theca
cells enhance steroidogenesis and stimulate fat
accumulation®. Furthermore, patients with PCOS
have a higher prevalence of obesity than healthy
individuals, although the number varies among
different countries and ethnic groups®. Obesity is a
significant risk factor for insulin resistance leading
to T2DM**.

Interestingly, PCOS patients have higher upper
body fat distribution, which is the area for most
metabolic fat-relevant adipose tissue®. Visceral
obesity is a leading factor behind impaired glucose
tolerance and anovulation in females with PCOS®.
An approximate prevalence of about 61% of obesity
in PCOS patients across different countries and
ethnic groups in comparison to healthy individuals is
seen’. Moreover, excess central obesity can
dysregulate the lipid levels contributing to
hyperlipidemia with low high-density lipoprotein
(HDL) levels®. The synergistic adverse effect of
obesity and insulin resistance is remarkable to the
progression of PCOS complications, such as
cardiovascular disease’. The classic risk factors for
heart disease, such as hypertension, dyslipidemia,
obesity, and diabetes and the non-classic risk factors,
such as C-reactive protein, homocysteine, and tumor
necrosis-alpha, are increased to greater folds in
patients with PCOS’. Hyperandrogenic PCOS
patients are at higher chances of developing
metabolic syndrome later in life than non-
hyperandrogenic PCOS patients, which further
causes the domino effect of worsened
cardiometabolic profile’. The estimated prevalence
of metabolic syndrome is 23.8%-53.3% in females
with PCOS'. The Endocrine Society recommends
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that every PCOS patient be assessed for
cardiovascular risk factors and global cardiovascular
disease risk by regular blood pressure
measurements, lipid profile screening, and glucose
tolerance testing in patients with PCOS, as they are
prone to developing metabolic syndrome and
cardiovascular disease.

Obesity in PCOS can also make patients
susceptible to nonalcoholic fatty liver disease
(NAFLD). PCOS patients have a three times greater
risk of developing NAFLD than the average
population®. Compilation of data from various
studies demonstrates a higher prevalence of NAFLD
in women with PCOS ranging from 34% to 70%
compared with 14% to 34% in healthy women®.
Inversely, women with NAFLD are more often
diagnosed with PCOS®. NAFLD in PCOS can result
from various disrupted pathological pathways
surrounding hyperandrogenism, insulin resistance,
and obesity®. Insulin resistance can lead to
uncontrolled lipolysis, enhancing free fatty acids in
the liver’. Additionally, hyperandrogenism can lead
to obesity that can further cause increased fatty acid
production and low sex hormone-binding globulin,
further contributing to NAFLD progression as
shown in Figure 1*8, PCOS patients with evident
risk factors for NAFLD can be screened by liver
function testing and abdominal ultrasound.
However, it is not required as a regular protocol
since both sensitivity and specificity of NAFLD
diagnosis remains low??.

3. Metformin in polycystic ovary syndrome

Metformin belongs to the class of biguanide insulin
sensitizers commonly used as the first line agents for
T2DM for many years'®. It improves the therapeutic
effect of insulin. However, it does not affect its
secretion'®. The mechanism of action of metformin
is the suppression of gluconeogenesis by the liver
and the improvement of glucose uptake by the liver
and skeletal muscles, thus improving insulin
sensitivity>!°. A rat model study by Xing et al.
described the effectiveness of metformin in PCOS
glucose regulation!!. Metformin improves insulin
resistance by regulating the liver PI3K/AKT
pathway, reducing the deposition of hepatic
triglycerides, and upregulating the levels of sex
hormone binding globulin (SHBG) and HNF-4a in
PCOS with insulin resistance rat liver tissue'!.
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Figure 1. Pathophysiological mechanism of polycystic ovarian syndrome
Abbreviations: Polycystic ovarian syndrome (PCOS); gonadotropin-releasing hormone (GnRH); sex
hormone binding globulin (SHBG); luteinizing hormone (LH); follicle stimulation hormone (FSH)

PCOS patients, particularly obese females, are
inclined to hyperinsulinemia, increasing the risk of
T2DM**!°. For such reasons, metformin has been
used since 1994 for PCOS treatment and has
effectively improved PCOS complications'’. Various
studies have shown that metformin not only helps
reduce weight in PCOS patients, but also improves
both endocrine and ovarian functions'>'*. Another
study by Haederi et al. reports how metformin is
significant in refining endothelial function in PCOS
patients'*.

A study by Hickey et al. found that, in
overweight women, metformin can have a regulatory
effect on PCOS sex hormones, stimulate luteinizing
hormone secretion and ovulation, and improve the
menstrual cycle of patients'. In a systematic review
by Naderpoor et al., it was evident that metformin as
an adjunct with lifestyle modification is more
effective in better control of obesity in PCOS
patients with lower body mass index (BMI) that
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improves anovulation and even impaired glucose
tolerance'®. Teede et al. highlighted the comparison
between combined OCPs and metformin in the
management of PCOS'. The review further
suggested that metformin alone can be an effective
agent in women with BMI>25 to manage weight,
hormonal and metabolic dysregulations compared to
combined OCPs'”.

A recent systematic review by Guan et al.
suggested that metformin can reduce body mass
index, waist circumference, follicle-stimulating
hormone (FSH), luteinizing hormone (LH), low-
density lipoprotein (LDL), and testosterone levels in
overweight women with PCOS'®. However, not
much improvement was found in LDL cholesterol
levels, HDL cholesterol levels, SHBG levels, FSH
levels, androstenedione levels, or triglyceride
levels'®. The review concluded metformin as the
most effective intervention for PCOS in overweight
women by evidencing improvement of BMI, waist
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Figure 2. Summary of Potential benefits of SGLT-2 inhibitors

circumference, and LDL cholesterol'®. This may be
due to the direct regulation effect of metformin on
the production of ovarian steroids'®.

Although metformin has been a traditional drug
treatment in the class of insulin sensitizers, not many
studies have confirmed its therapeutic effectiveness
on very superior BMIs or reducing central adiposity,
which is a key feature of metabolic syndrome!®. In
several studies, newer glucose-lowering agents, such
as GLP, revealed a greater reduction of body weight,
improved menstrual frequency, and improvement of
hyperandrogenemia, and metabolic derangements in
PCOS patients than metformin®. Moreover,
metformin fails to add cardiovascular safety benefits
and improve the lipid profile®. It has been recently
suggested that although not yet approved, SGLT2i
can provide beneficial cardiovascular and glycemic
control, which are often the bigger issues in patients
with PCOS%,

4. Sodium-glucose co-transporter 2 inhibitors in
polycystic ovary syndrome

Sodium-glucose co-transporter-2 receptor (SGLT-2)
reabsorbs both glucose and sodium in the proximal
renal tubule and is responsible for about 90% of the
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glucose reabsorption in the nephron. SGLT2
inhibitors are therapeutic agents to treat
hyperglycemia in type 2 diabetes mellitus (T2DM)
patients. These agents were also shown to be
promising treatment options for patients with heart
failure and kidney diseases in diabetics and even in
the absence of diabetes®'. Currently, no dedicated
studies confirm the superior effects of metformin on
BMI reduction or decrease in central adiposity°.

SGLT receptors inhibition can improve the
disrupted metabolic status in certain PCOS patients.
SGLT-2 inhibitors act on the proximal convoluted
tubule of the kidney and inhibit glucose and sodium
reabsorption, causing a reduction in blood glucose
levels, glucosuria, and natriuresis.  These
medications promote glucose urine excretion leading
to loss of 240-320 kcal/day, facilitating weight loss.
The action of SGLT-2 inhibitors does not depend on
insulin secretion, beta-cell function, or insulin
resistance. They further reduce blood glucose levels
bydecreasing  gluconeogenesis in the liver,
improving insulin sensitivity andthe first phase of
insulin release from the pancreatic beta-cells. It
ultimately promotes glucose uptake in the muscle'.
The potential benefits of SGLT2i are summarized in
Figure 2.
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In a  hyperandrogenic = PCOS  model,
empagliflozin reduced fat mass, plasma leptin, and
BP. However, it failed to decrease plasma insulin,
HbAlc, or albuminuria instead of its proven HbAlc
lowering effects consistently shown in humans and
rodent models of TIDM and T2DM?>2. Until now,
only a few human trials are conducted to evaluate
the effectiveness of SGLT2i in PCOS patients2¢,

Javed et al. conducted an RCT to compare the
effects of empagliflozin vs. metformin on
anthropometric and body composition hormonal and
metabolic parameters in women with PCOS among
women with PCOS. After 12 weeks of treatment
with empagliflozin, they noticed a significant
improvement in anthropometric parameters and
body composition compared to metformin.
However, no significant changes were observed in
hormonal or metabolic parameters®. Besides
reducing glucose and insulin, Tan et al
demonstrated a reduction in androstenedione and
dehydroepiandrosterone sulfate concentrations, post
two weeks licogliflozin treatment, a dual SGLT1/2i
in a placebo-controlled RCT?*. Cai et al. conducted a
non-inferiority trial to determine the efficacy of
canagliflozin vs. metformin in women with PCOS.
They noticed that canagliflozin was not inferior to
metformin in improving menstrual patterns,
reducing body weight (BW) and total fat mass. In
fact, it showed superior results in lowering uric acid
and dehydroepiandrosterone sulfate (DHEAS) levels
in these patients®.

In a recent RCT by Elkind-Hirsh et al., exenatide,
when co-administered with dapagliflozin and
phentermine-topiramate extended-release, exenatide
alone or in combination with dapagliflozin resulted
in significant improvements in mean glucose levels,
improved insulin sensitivity and secretion®®.
Recently, Sinha et al. performed a meta-analysis of
the above four randomized trials and reported that
SGLT2i offered significant improvements in the
reduction in BW, fasting plasma glucose, insulin
resistance as assessed with the homeostasis model
assessment-estimated insulin resistance (HOMA-
insulin resistance) and DHEAS levels. However, no
significant difference was observed for free
androgen index, total testosterone, and SHBG?'.

The hyperinsulinemia-induced elevation in
DHEAS could indicate the risk of developing T2DM
in the future’®. A reduction in DHEAS levels,
especially with increasing age, is protective against
CV events®. Interestingly, SGLT-2, by their unique
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ability to reduce body weight and improve glucose
uptake, would reduce hyperinsulinemia. Also, the
proven ability of SGLT2i to reduce the DHEAS,
delivers an intriguing thesis where reduced DHEAS
causes a reduction of free testosterone, which would
improve glucose utilization, forming a base for
breaking down the vicious cycle of hyperinsulinemia
and hyperandrogenism, the very ground of PCOS?’.
Most common adverse events reported with SGLT2
inhibitors  use, include genital infections,
genitourinary  tract  infection,  vulvovaginal
candidiasis,  gastrointestinal ~ symptoms, and
vulvovaginitis?*-?°, This suggests SGLT2i could be
an effective treatment for obese women with PCOS.

5. Glucagon-like peptide-1 receptor agonists in
polycystic ovary syndrome

Glucagon-like peptide 1 (GLP-1) is a peptide
hormone secreted by intestinal L cells that promote
insulin secretion. It has various physiological effects,
such as improving insulin resistance, inhibiting
appetite and food intake, delaying gastric emptying,
and reducing BW?’. GLP-1RAs are a class of novel
anti-diabetic agents that share similar effects with
incretin mimetics, including glucose-dependent
enhancement of insulin secretion and islet B cell
proliferation®®. GLP-1 RAs improve the insulin
sensitivity in muscle and liver by directly inhibiting

macrophage infiltration, thus disrupting the
inflammatory  pathway?. Animal experiments
indicate that liraglutide regulates the ovarian

phosphoinositide 3-kinase (PI3K)/AKT pathway to
affect forkhead box protein O1 (FoxOl)
phosphorylation and ovarian follicular development.
GLP-1RA bind with the receptor in various regions
of the hypothalamus, such as the arcuate nuclei, to
inhibit appetite, increase satiety sensation, and
reduce food intake. Receptor binding also delays
gastric emptying and bowel movements and reduces
BW through a central mechanism mediated mainly
by the vagus nerve. The GLP-1RA, liraglutide
reduces fat accumulation in the viscera by acting on
invariant natural killer T cells, increasing the
browning of white adipose tissue and enhancing
fibroblast growth factor 21(FGF-21) expression in
adipose tissue’!.

Several randomized trials have been conducted to
determine the effectiveness of GLP-1RAs on weight
loss in obese/overweight PCOS patients as their
primary outcome®®. A significant weight loss has
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been noticed, ranging from 4.2% to 6.2% of their
body weight consistently in all these studies. In a 12-
week randomized study with 45 obese women with
PCOS, short-term monotherapy with liraglutide was
associated with significant weight loss in obese
PCOS patients. Liraglutide was found to be superior
to metformin and improved body composition,
including a substantial visceral adipose tissue area
(VAT) decrease®®. Another randomized clinical trial
evaluated the effect of liraglutide on ectopic fat in 72
obese/overweight women with PCOS. They
discovered that compared with placebo, liraglutide
treatment reduced BW by 5.2 kg (5.6%), VAT by
18%, liver fat content by 44%, and NAFLD
prevalence by two-thirds’’.  Recently, a meta-
analysis was reported to evaluate the efficacy of
GLP-1RA vs. metformin for patients with PCOS. By
analyzing eight RCTs, GLP-1RAs were more
effective in improving insulin sensitivity reducing
BMI and abdominal circumference  than
metformin®.

Several trials also evaluated the effectiveness of
GLP-1RAs in reducing the risk of adverse
cardiovascular outcomes by evaluating
cardiovascular risk biomarkers. A study with 30
obese and women with anovulation were treated
with 5 mcg bd exenatide for four weeks, then 10
mcg bd for twelve weeks. They noticed an improved
serum marker of endothelial function, inflammation,
and clot function, reflecting an improvement in
cardiovascular risk markers in these women with
PCOS?®. Another study after six months of treatment
with liraglutide (1.8 mg od) resulted in 3-4% weight
loss in PCOS and a significant reduction in
atherothrombosis markers, including inflammation,
endothelial function, and clotting™.

The effects of GLP1-RAs on reproductive
endpoints have been assessed in a few studies.
Treatment with 1.8 mg liraglutide once daily for 26
weeks in overweight women with PCOS resulted in
a 19% increase in SHBG levels along with a 19%
decrease in free testosterone levels, compared with
placebo, without any change in total testosterone
levels’”. Nylander et al. evaluated the role of
liraglutide in improving ovarian dysfunction in
PCOS patients compared to placebo. After treating
72 patients for 26 weeks, the bleeding ratio
improved with liraglutide, SHBG increased by 7.4
nmol/L, free testosterone decreased by 0.005
nmol/L, an ovarian volume decreased by 1.6 ml in
the liraglutide group*. A randomized study was
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realized on 28 infertile obese PCOS to evaluate the
effect of short-term preconception liraglutide on
fertility possibility in PCOS. The SHBG levels and
pregnancy rate per embryo transfer were
significantly higher when metformin was combined
with low-dose liraglutide than metformin alone*!. In
another study, exenatide-treated patients exhibited
significantly higher natural pregnancy rates than
metformin-treated patients after twelve weeks*2. The
findings of several studies are summarized in Table
1.

However, nausea and headache incidence rates
were higher with GLP-1RAs than with metformin.
However, they were not significant?®. In addition,
with GLP-1RAs being injectable, it may be
challenging for the patients to add injectable drugs to
their daily or weekly routine*!. However, GLP-1RAs
might be a good choice for obese patients with
PCOS, especially those with insulin resistance.

6. Incretin-based therapies in polycystic ovary
syndrome

Incretins (glucose-dependent insulinotropic peptide
(GIP) and GLP-1) are gut hormones that are
secreted from enteroendocrine cells, which increase
insulin secretion from the pancreas in response to
ingested food*. Increased GIP and lower GLP-1
concentrations have been reported after an oral
glucose tolerance test (OGTT) in women with
PCOS*. Endogenous GLP-1 is characterized by a
relatively short half-life compared to GIP, since it is
degraded by the proteolytic enzyme dipeptidyl
peptidase-4 (DPP-4)¥. The DPP-4 inhibitors are
considered a class of anti-diabetes medications
administered orally that improve glycemic control
by promoting an increase in the endogenous
physiological levels of GIP and GLP-1%. Incretins,
primarily GLP-1RAs, can overcome metabolic
derangements of PCOS and add cardiovascular
benefits*’.

Svendsen et al. noticed a trend towards a slightly
increased incretin hormone response in lean women
with PCOS compared with lean control women,
partly following Vrbikova et al**. A double-blind
crossover study tested the effect of sitagliptin on
blood glucose levels and VAT in women with
PCOS and demonstrated a reduction in the maximal
glucose response to the oral glucose tolerance and
VAT*. A randomized pilot study by Ferjan et al.
examined sitagliptin as a potential treatment option
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Table 1. Main Clinical Studies in PCOS

Study Participant Study arms Primary Other outcomes Metabolic changes /
characteristics outcome Body weight loss (kg)
Javed et al Women with Empagliflozin 25 Differences in - Basal metabolic rate
(12 weeks) PCOS mg (n=19) or weight, BMI, (empagliflozin: -1.8 £ 2.9% vs
23 metformin 1500 mg | waist and hip metformin: 0.1 £ 1.9%, P =
(n=20) circumference, 0.024) /
basal metabolic Empagliflozin: -1.4 +£3.2% vs
rate, fat mass metformin: 1.2 +2.3%; P =
0.006
Tan et al Overweight or 50 mg of oral Treatment Effects on sex 1) Concentration of FT did not
(14 days) obese and insulin- licogliflozin or effect on the steroids including | change
2 resistant women matching placebo geometric mean TT, A4, DHEA, 2) Androstendione (A4) reduced
with PCOS three times a day of three serial DHEAS and sex by 19% 3)
fulfilled the (TID) before meals FT samples hormone binding dehydroepiandrosteron sulphate
Rotterdam criteria globulin (SHBG), as | (DHEAS) reduced by 24%
for phenotype A well as free 4) Hyperinsulinaemia was
or B androgen index reduced by 70% /
(FAD | emee-
Cai et al Women aged 18 Randomized into Homeostatic Changes in 1)Both canagliflozin and
(12 weeks) | to 45 years with 100 mg (n = 33) model anthropometric metformin significantly
% PCOS and IR canagliflozin daily assessment measurements, improved menstrual pattern, and
or 1500 to 2000 mg (HOMA)-IR menstrual decreased triglyceride levels.
metformin daily (n frequency, Sex 2)Compared with metformin,
=35) hormone levels, canagliflozin had significant
metabolic variables | advantages in reducing uric acid
and body fat and dehydroepiandrosterone
distribution sulphate levels /
Both canagliflozin and
metformin significantly reduced
body weight and total fat mass
Elkind- Nondiabetic Randomized Changes in Improvement in 1)EQW/DAPA and EQW
Hirsch et women (n=119; intoEQW (2 mg body weight, mean blood glucose | resulted in significant
al (24 aged 18-45 years) | weekly); DAPA (10 total body fat (MBG), and improvements in MBG, SI, and
weeks) 26 with 30<BMI<45 mg daily), compute insulin IS.
and PCOS EQW/DAPA (2 mg sensitivity (SI) and | 2)Reductions in fasting glucose,
(National weekly/10 mg secretion (IS) testosterone, FAI, and BP were
Institutes of daily), DAPA (10 measures seen with all drugs /
Health criteria) mg)/MET (2000 mg 1)EQW/DAPA and PHEN/TPM
XR daily), or PHEN resulted in the most loss of
(7.5 mg)/TPM (46 weight and total body fat by
mg ER daily) DXA, and WC
treatment 2)Equivalent reductions in BMI
and WC with PHEN/TPM
Rasmusse Obese (BMI >30) | LIRA as an add-on Weight loss - BMI reduction of 3.2 kg/m2,
netal (28 women pre- therapy Weight loss of >5% to >10% of
weeks) treated with MET initial weight /
for min 6 months —9.0 (p<0.05)
Jensterle et 45 Obese MET or LIRA or Weight loss Metabolic, HOMA-IR decreased in all
(12 weeks) premenopausal ROF Hormonal, and treatment arms. FAI lessening in
al®® women. Menstrual ROF. LIRA has a greater

frequency changes

reduction in visceral fat and
glucose at 120 min of OGTT
compared to MET /

MET: -0.8 £ 1.0; LIRA: —3.1+
3.5; ROF: 2.1 £2.0
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Table 1. Continued

Study Participant Study arms Primary Other outcomes Metabolic changes /
characteristics outcome Body weight loss (kg)
Jensterle Obese women MET, LIRA, MET | Weight loss 1)Body composition | LIRA+MET had a more
Sever et al pretreated with + LIRA IR significant reduction in glucose
(12 weeks) MET 2) No significant after 120 min of OGTT
34 changes in compared to MET /
menstrual pattern MET: -1.2+ 14, LIRA: -3.8+
3.7, MET+ LIRA: —6.5 £2.8
Jensterle et Obese pre- MET vs. LIRA Weight loss BMI and insulin Total testosterone decreased in
al (12 menopausal resistance MET group. LH increased in
weeks) *° women diagnosed LIRA /
with PCOS. LIRA superior in BMI reduction
and insulin resistance compared
to MET
Jensterle et | Obese (BMI >30) 1) MET 1000 mg Weight loss Metabolic and Both interventions resulted in a
al (12 women Age >18 | BID + LIRA 1.3 mg hormonal changes | significant decrease of post-
weeks) 3¢ years, ODs.c. (n=15)2) OGTT glucose levels.
premenopause LIRA 3 mg OD s.c. Combination therapy
PCOS diagnosed (n=15) significantly reduced total
by ASRM- testosterone /
ESHRE 1)-3.6+25
Rotterdam criteria 2)—6.3+3.7
Fressing et Obese women LIRA vs Placebo Liver fat, VAT | Weight change LIRA group had liver fat content
al (26 diagnosed with and NAFLD OGTT, SHBG, reduction by 44%, VAT by
weeks) ¥ PCOS prevalence testosterone 18%, and the decreased
prevalence of NAFLD by 66%.
Also, SHBG levels increased,
and free testosterone decreased
in the LIRA group /
LIRA had significant weight
loss compared to placebo
Dawson et Overweight/ exenatide 5 mcg bd | Weight change Changes in 1)No effects on LDL-C and
al (16 obese anovulatory | for 4 weeks then 10 endothelial function, | HDL-C.
weeks) 38 women with all 3 mcg bd for 12 serum endothelial | 2) No effects on glucose,
Rotterdam criteria weeks (n=30) markers, insulin, and HOMA-IR.
inflammation, and | 3) Serum endothelial markers
alteration in clot changed with a reduction in
structure and ICAM-1, p-selectin and E-
formation. selectin without an overall
change in endothelial function.
4)Inflammation improved
significantly
5) Significant reduction in clot
function but not clot structure /
Approximately 4.6 kg weight
loss (p< 0.05)
Kahal et al | Obese women LIRA Weight loss CV risk markers In both PCOS and control
(6 months) | diagnosed with groups HOMA-IR, hsCRP,
39

PCOS vs. healthy
controls

endothelial adhesion markers
significantly reduced /

Weight was significantly
reduced by 3.0+ 4.2 and 3.8 £
3.4 kg in the PCOS and control
groups respectively
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Table 1. Continued

Study Participant Study arms Primary Other outcomes Metabolic changes /
characteristics outcome Body weight loss (kg)
Nylander Obese women | LIRA vs Bleeding pattern | Levels of AMH, In the LIRA group: SHBG increased, free
et al (26 diagnosed with | Placebo which improved | sex hormones, and | testosterone decreased, and ovarian
weeks) 4 PCOS significantly gonadotrophins, volume decreased /
with LIRA vs. | ovarian —
placebo morphology
Salamun et 28 infertile MET vs. The in vitro Weight change -—-/
al (12 obese PCOS MET+ fertilization ) i
weeks)! patients LIRA pregnancy rate Weight loss with MET group: —7.0 + 6.0;
(COMBI) | was significantly COMBI gorup: —7.5 £ 3.9
higher in the
COMBI (85.7%)
compared with
the MET
(28.6%)
Liu et al Overweight or | MET vs. Weight loss Metabolic Greater reduction in total fat mass % with
(12 weeks) | Obese women | EXE parameters EXE and HOMA-IR and insulin levels
42 (BMI >24) with EXE than with MET. HsCRP levels
diagnosed with decreased significantly in the EXE group
PCOS. only. Menstrual frequency increased
significantly in both groups. Rate of
natural pregnancy significantly higher
with EXE than MET /
MET: —2.28 + 0.55EXE: —4.29 + 1.29
Svendsen Women with Metformin | Incretin hormone | 1)Lower GIP The incretin hormone response did not
etal (8 PCOS vs. effect on response did not | levels in obese differ between subjects with and without
months) 4 Healthy incretin differ between | women with PCOS | PCOS. Subgroup analysis showed lower
controls secretion subjects with and | compared with GIP (area under the curve [AUC]) levels
without PCOS. | obese control in obese women with PCOS compared
women and with obese control women (P < .05) and
compared with compared with lean women with PCOS
lean women with (P < .05). Metformin increased GIP
PCOS (AUC) and GLP-1 (AUC) in lean women
2)Treatment with | with PCOS (P < .05), and a similar trend
metformin was seen in the obese women (P =.07) /
increases the levels | ---
of both GIP and
GLP-1 in women
with PCOS.
Devin et al Women with Sitagliptin Sitagliptin effect N/A Sitagliptin decreased the peak glucose and
(1 month) PCOS vs. Placebo on growth visceral adiposity but did not increase
4 hormone and growth hormone /
VAT ---
Ferjan et Obese women | 1)Sitagliptin Glycaemic --- 1) Sitagliptin BMI (+37 &+ 6.2—
al (12 with PCOS and | 100mg QD | control (OGTT, 37.8 £ 5.9kg/m?).
weeks) 4 metformin (n=30). HOMA-B) 2) Placebo BMI (+36.8 + 4.9-38 + 5kg/m?)
intolerant 2)Lifestyle /
BMI intervention -
(36.9£5.5kg/ | (placebo, n
m?). =30).
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Table 1. Continued

Study Participant Study arms Primary Other outcomes Metabolic changes /
characteristics outcome Body weight loss (kg)
Frederich Interquartile age range: 4607 randomized Changes | Change from No increased risk of CV
et al (18- 47-61 years and treated patients in CV baseline glycated death/MI/stroke was
48 51% females, 73% white, (n = 3356 treated death/MI/ | hemoglobin observed in patients
months) 3! | 52% hypertensive, 44% with saxagliptin stroke (HbAlc) at week 24 | randomly assigned

hypercholesterolemic,
39% smoking history,
20% with first-degree
family member with
premature coronary heart
disease, 2% with prior
CV disease

[2.5-100 mg/d]; n
= 1251,
comparator [n =
656, placebo; n =
328, metformin; n
=267, uptitrated
glyburide])

saxagliptin /

in metformin intolerant PCOS patients and reported
that sitagliptin improved B-cell function and insulin
sensitivity*”. These are commonly administered in
subcutaneous form, which can be a limitation by
many patients. On the other hand, the evidence of
oral incretin therapy on cardiovascular protection is
lacking®®. Hypersensitivity reactions, including
angioedema, anaphylactic,c and dermatological
reactions, have been reported with saxagliptin
therapy, though rare’'.

7. Conclusion

Polycystic ovary syndrome is a common
endocrinopathy affecting women of reproductive
age. A wide range of symptoms and degrees of
severity are observed, giving the syndrome
numerous phenotypes. The health burden associated
with PCOS has driven the need for novel
therapeutic strategies to prevent complications,
especially dysglycemia, cardiometabolic risks, and
fertility outcomes. However, recent studies with
SGLT-2i have shown promising improvements in
anthropometric parameters and body composition,
and more significant cardiovascular  and
antihyperglycemic effects in patients with PCOS.
Also, GLP-1RAs, unique for weight loss treatment,
make up an  ideal  pre-treatment  for
overweight/obese females who carry higher risks
during controlled ovarian stimulation and

www.discoveriesjournals.org/discoveries

Abbreviations: N/A: Not associated; AMH, anti-Miillerian hormone; cIMT, carotid-intima media thickness; EXE, exenatide; FAI, free androgen
index; HOMA-IR, homeostasis model assessment-IR; hsCRP, high-sensitivity C-reactive protein; IR, insulin resistance; IVF, in vitro fertilization;
LIRA, liraglutide; MET, metformin; NAFLD, nonalcoholic fatty liver disease; NICHD, National Institute of Child Health and Human Development;
OGTT, oral glucose tolerance test; PIIINP, Procollagen Type III N-Terminal Peptide; SHBG, sex hormone binding globulin; VAT, visceral adipose
tissue, ROF: roflumilast.

pregnancy. SGLT-2 inhibitors and GLP-1RAs have
good therapeutic benefits in women with PCOS
improving metabolic irregularities. Since no single
intervention can potentially treat the full spectrum
of metabolic disorders in PCOS, lifestyle
intervention combined with metformin, GLP-1RA,
SGLT-2i, and bariatric surgery alone or in
combination may have better outcomes. Long-term,
high-quality research is further needed to look into
new treatments to evaluate specific outcomes based
on PCOS phenotypes.

Acknowledgements

The authors like to thank all authors’ institutions for
facilitating international collaboration. The authors
received no funding for this specific manuscript.

Conflict of Interest

The authors declare no conflicts of interest.

References

1. Hallajzadeh J, Khoramdad M, Karamzad N, et al.
Metabolic syndrome and its components among
women with polycystic ovary syndrome: a systematic
review and meta-analysis. J Cardiovasc Thorac Res.
2018; 10(2):56.

2. Maya ET, Guure CB,Adanu RMK, et al. Why we
need epidemiologic studies of polycystic ovary
syndrome in Africa. Int J Gynaecol Obstet. 2018;
143(2):251.

11




Antidiabetic Drugs in Polycystic Ovary Syndrome

KEY POINTS

Polycystic ovary syndrome (PCOS) is a multifactorial disorder many time complicated with
dyslipidemia, obesity, diabetes type 2, non-alcoholic fatty liver disease, metabolic syndrome,
cardiovascular disease, endometrial cancer and other manifestations.

Obesity leading to insulin resistance is the root cause behind disruption of pathophysiology in
PCOS patients.

Although metformin has traditionally been used for treatment of insulin resistance in PCOS

patients, its low therapeutic effectiveness as suggested by various studies brings in the novel role
of other insulin sensitizers into play.

Sodium-glucose co-transporter 2 inhibitors, glucagon-like peptide-1 receptor agonists, incretin
analogs are novel drugs approved for treating type-2 diabetes. Their role in promoting weight
loss, cardio-metabolic protectiveness and improving insulin sensitization makes them quite
eligible treatments for PCOS patients.

Further research is required to uncover new treatments for specific complications based on

PCOS phenotypes.

3. Rasquin Leon LI, Anastasopoulou C, Mayrin JV.
Polycystic Ovarian Disease. 2022 In: StatPearls.
Treasure Island (FL): StatPearls Publishing.

4. Carvalho LML, Dos Reis FM, Candido AL, Nunes
FFC, Ferreira CN, Gomes KB. Polycystic Ovary
Syndrome as a systemic disease with multiple
molecular pathways: a narrative review. EndocrRegul.
2018; 52(4):208.

5. Palomba S, Santagni S, Falbo A, La Sala GB.
Complications and challenges associated with
polycystic ovary syndrome: current perspectives. Int J
Womens Health. 2015;7:745-763.

6. Rubin KH, Glintborg D, Nybo M, Abrahamsen B,
Andersen M. Development and Risk Factors of Type
2 Diabetes in a Nationwide Population of Women
with Polycystic Ovary Syndrome. J Clin Endocrinol
Metab. 2017; 102(10):3848.

7. De Leo V, Musacchio MC, Morgante G, La Marca A,
Petraglia F. Polycystic ovary syndrome and type 2
diabetes mellitus. Minerva Ginecol. 2004;56(1):53-62.

8. Paschou SA, Polyzos SA, Anagnostis P, et al
Nonalcoholic fatty liver disease in women with
polycystic ovary syndrome. Endocrine. 2020
Jan;67(1):1-8.

9. Vassilatou E. Nonalcoholic fatty liver disease and
polycystic ovary syndrome. World J Gastroenterol.
2014; 20(26):8351.

10. Lashen H. Role of metformin in the management of
polycystic ovary syndrome. Ther Adv Endocrinol
Metab. 2010 Jun;1(3):117-28.

www.discoveriesjournals.org/discoveries

11.

12.

13.

14.

15.

16.

Xing C, Lv B, Zhao H, Wang D, Li X, He B.
Metformin and exenatide upregulate hepatocyte
nuclear factor-4o, sex hormone-binding globulin
levels and improve hepatic triglyceride deposition in
polycystic ovary syndrome with insulin resistance
rats. J Steroid Biochem Mol Biol. 2021; 214:105992.
Fraison E, Kostova E, Moran LJ, et al. Metformin
versus the combined oral contraceptive pill for
hirsutism, acne, and menstrual pattern in polycystic
ovary syndrome. Cochrane Database Syst Rev.
2020;8(8):CD005552.

Bordewijk EM, Nahuis M, Costello MF, et al
Metformin  during ovulation induction  with
gonadotrophins followed by timed intercourse or
intrauterine insemination for subfertility associated
with polycystic ovary syndrome. Cochrane Database
Syst Rev. 2017;1(1):CD009090.

Heidari B, Lerman A, Lalia AZ, Lerman LO, Chang
AY. Effect of Metformin on Microvascular
Endothelial Function in Polycystic Ovary Syndrome.
Mayo Clin Proc. 2019; 94(12):2455.

Hickey M, Doherty DA, Atkinson H, et al. Clinical,
ultrasound and biochemical features of polycystic
ovary syndrome in adolescents: implications for
diagnosis. Hum Reprod. 2011; 26(6):1469.

Naderpoor N, Shorakae S, de Courten B, Misso ML,
Moran LJ, Teede HJ. Metformin and lifestyle
modification in  polycystic ovary syndrome:
systematic review and meta-analysis [published
correction: Hum Reprod Update. 2016 Apr;22(3):408-
9]. Hum Reprod Update. 2015; 21(5):560-74.

12



Antidiabetic Drugs in Polycystic Ovary Syndrome

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Teede H, Tassone EC, Piltonen T, et al. Effect of the
combined oral contraceptive pill and/or metformin in
the management of polycystic ovary syndrome: A
systematic ~review with meta-analyses. Clin
Endocrinol (Oxf). 2019; 91(4):479.

Guan Y, Wang D, Bu H, Zhao T, Wang H. The Effect
of Metformin on Polycystic Ovary Syndrome in
Overweight Women: A Systematic Review and Meta-
Analysis of Randomized Controlled Trials. Int J
Endocrinol. 2020;2020:5150684.
Marinkovic-Radosevic J, CigrovskiBerkovic M,
Kruezi E, Bilic-Curcic I, Mrzljak A. Exploring new
treatment options for polycystic ovary syndrome:
Review of a novel antidiabetic agent SGLT2 inhibitor.
World J Diabetes. 2021; 12(7):932.

Han Y, Li Y, He B. GLP-1 receptor agonists versus
metformin in PCOS: a systematic review and meta-
analysis. Reprod Biomed Online. 2019; 39(2):332.
Tzotzas T, Karras SN, Katsiki N. Glucagon-Like
Peptide-1 (GLP-1) Receptor Agonists in the
Treatment of Obese Women with Polycystic Ovary
Syndrome. CurrVascPharmacol. 2017; 15(3):218.
Pruett JE, Torres Fernandez ED, Everman SJ, et al.
Impact of SGLT-2 Inhibition on Cardiometabolic
Abnormalities in a Rat Model of Polycystic Ovary
Syndrome. Int J Mol Sci. 2021;22(5):2576.

Javed Z, Papageorgiou M, Deshmukh H, et al. Effects
of empagliflozin on metabolic parameters in
polycystic ovary syndrome: A randomized controlled
study. Clin Endocrinol (Oxf). 2019; 90(6):805.

Tan S, Ignatenko S, Wagner F, et al. Licogliflozin
versus placebo in women with polycystic ovary
syndrome: A randomized, double-blind, phase 2 trial.
Diabetes ObesMetab. 2021; 23(11):2595.

Cai M, Shao X, Xing F, et al. Efficacy of canagliflozin
versus metformin in women with polycystic ovary
syndrome: A randomized, open-label, noninferiority
trial. Diabetes ObesMetab. 2022; 24(2):312.
Elkind-Hirsch KE, Chappell N, Seidemann E,
Storment J, Bellanger D. Exenatide, Dapagliflozin, or
Phentermine/Topiramate Differentially Affect
Metabolic Profiles in Polycystic Ovary Syndrome. J
Clin Endocrinol Metab. 2021; 106(10):3019.

Sinha B and Ghosal S. A Meta-Analysis of the Effect
of Sodium Glucose Cotransporter-2 Inhibitors on
Metabolic Parameters in Patients With Polycystic
Ovary Syndrome. Front Endocrinol. 2022; 13:830401.
Amato MC, Magistro A, Gambino G, Vesco R,
Giordano C. Visceral adiposity index and DHEAS are
useful markers of diabetes risk in women with
polycystic ovary syndrome. Eur J Endocrinol. 2015;

172(1):79.
Shufelt C, Bretsky P, Almeida CM, et al. DHEA-S
levels and cardiovascular disease mortality in

postmenopausal women: results from the National
Institutes of Health--National Heart, Lung, and Blood
Institute (NHLBI)-sponsored Women's Ischemia

www.discoveriesjournals.org/discoveries

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Syndrome Evaluation (WISE). J Clin Endocrinol
Metab. 2010; 95(11):4985.

Ma RL, Deng Y, Wang YF, Zhu SY, Ding XS, Sun
AJ. Short-term combined treatment with exenatide
and metformin for overweight/obese women with
polycystic ovary syndrome. Chin Med J (Engl).
2021;134(23):2882-2889.

Lamos EM, Malek R, Davis SN. GLP-1 receptor
agonists in the treatment of polycystic ovary

syndrome. Expert Rev Clin Pharmacol. 2017;
10(4):401.
Rasmussen CB, Lindenberg S. The effect of

liraglutide on weight loss in women with polycystic
ovary syndrome: an observational study. Front
Endocrinol (Lausanne). 2014;5:140.

Jensterle M, Salamun V, Kocjan T, Vrtacnik Bokal E,
Janez A. Short term monotherapy with GLP-1
receptor agonist liraglutide or PDE 4 inhibitor
roflumilast is superior to metformin in weight loss in
obese PCOS women: a pilot randomized study. J
Ovarian Res. 2015;8:32.

Jensterle Sever M, Kocjan T, Pfeifer M, Kravos NA,
Janez A. Short-term combined treatment with
liraglutide and metformin leads to significant weight
loss in obese women with polycystic ovary syndrome
and previous poor response to metformin. Eur J
Endocrinol. 2014;170(3):451-459.

Jensterle M, Kravos NA, Pfeifer M, Kocjan T, Janez
A. A 12-week treatment with the long-acting
glucagon-like peptide 1 receptor agonist liraglutide
leads to significant weight loss in a subset of obese
women with newly diagnosed polycystic ovary
syndrome. Hormones (Athens). 2015; 14(1):81.
Jensterle M, Kravos NA, Gori¢ar K, Janez A. Short-
term effectiveness of low dose liraglutide in
combination with metformin versus high dose
liraglutide alone in treatment of obese PCOS:
randomized trial. BMC EndocrDisord. 2017; 17(1):5.
Fressing S, Nylander M, Chabanova E, et al. Effect of
liraglutide on ectopic fat in polycystic ovary
syndrome: A randomized clinical trial. Diabetes
ObesMetab. 2018; 20(1):215.

Dawson AJ, Sathyapalan T, Vince R, et al. The Effect
of Exenatide on Cardiovascular Risk Markers in
Women with Polycystic Ovary Syndrome. Front
Endocrinol (Lausanne). 2019;10:189.

Kahal H, Aburima A, Ungvari T, et al. The effects of
treatment with liraglutide on atherothrombotic risk in
obese young women with polycystic ovary syndrome
and controls. BMC Endocr Disord. 2015;15:14.
Nylander M, Fressing S, Clausen HV, Kistorp C,
Faber J, Skouby SO. Effects of liraglutide on ovarian
dysfunction in polycystic ovary syndrome: a
randomized clinical trial. Reprod Biomed Online.
2017; 35(1):121.

Salamun V, Jensterle M, Janez A, Vrtacnik Bokal E.
Liraglutide increases IVF pregnancy rates in obese

13



Antidiabetic Drugs in Polycystic Ovary Syndrome

PCOS women with poor response to first-line
reproductive treatments: a pilot randomized study. Eur
J Endocrinol. 2018; 179(1):1.

42.Liu X, Zhang Y, Zheng SY, et al. Efficacy of
exenatide on weight loss, metabolic parameters and
pregnancy in overweight/obese polycystic ovary
syndrome. Clin Endocrinol (Oxf). 2017; 87(6):767.

43. Vrbikova J, Hill M, Bendlova B, et al. Incretin levels
in polycystic ovary syndrome. Eur J Endocrinol. 2008;
159(2):121.

44.Svendsen PF, Nilas L, Madsbad S, Holst JJ. Incretin
hormone secretion in women with polycystic ovary
syndrome: roles of obesity, insulin sensitivity, and
treatment with metformin. Metabolism. 2009;
58(5):586.

45.Yabe D, Seino Y, Seino Y. Incretin concept revised:
The origin of the insulinotropic function of glucagon-
like peptide-1 - the gut, the islets or both?. J Diabetes
Investig. 2018; 9(1):21.

46. Crepaldi G, Carruba M, Comaschi M, Del Prato S,
Frajese G, Paolisso G. Dipeptidyl peptidase 4 (DPP-4)
inhibitors and their role in Type 2 diabetes
management. J Endocrinol Invest. 2007; 30(7):610.

47. Abdalla MA, Deshmukh H, Atkin S, Sathyapalan T.
The potential role of incretin-based therapies for
polycystic ovary syndrome: a narrative review of the
current evidence. Ther Adv Endocrinol Metab.
2021;12:2042018821989238.

www.discoveriesjournals.org/discoveries

48.Devin JK, Nian H, Celedonio JE, Wright P, Brown
NJ. Sitagliptin Decreases Visceral Fat and Blood
Glucose in Women with Polycystic Ovarian
Syndrome. J Clin Endocrinol Metab. 2020;
105(1):136.

49.Ferjan S, Janez A, lJensterle M. DPP4 Inhibitor
Sitaglipin as a Potential Treatment Option in
Metformin-intolerant Obese Women with Polycystic
Ovary Syndrome: a Pilot Randomized Study.
EndocrPract. 2018; 24(1):69.

50. Verspohl EJ. Novel therapeutics for type 2 diabetes:
incretin hormone mimetics (glucagon-like peptide-1
receptor agonists) and dipeptidyl peptidase-4
inhibitors. PharmacolTher. 2009; 124(1):113.

51.Frederich R, Alexander JH, Fiedorek FT, et al. A
systematic assessment of cardiovascular outcomes in
the saxagliptin drug development program for type 2
diabetes. Postgrad Med. 2010; 122(3):16.

This article is an Open Access article distributed under
the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work
is properly cited and it is not used for commercial
purposes,; 2022, Somagutta MR et al., Applied Systems
and Discoveries Journals.

14



