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Polycystic ovarian syndrome (PCOS) is a common endocrine disorder causing
various metabolic and endocrine dysfunctions. Research shows that women with
PCOS who experience severe symptoms often report a diminished quality of life,
largely due to concerns about physical appearance, reproductive challenges, and
metabolic health issues. PCOS impacts daily life, highlighting the complex
interplay between medical, emotional, and social aspects of the condition.
Effective PCOS management improves patients’ health and quality of life. This
review compares the efficacy and safety of metformin plus liraglutide versus
metformin monotherapy in managing metabolic and endocrine levels in women
with PCOS. Articles were systematically retrieved from PubMed, Elsevier, and
Scopus databases, complemented by manual searches from inception to 2024.
Data were extracted using structured forms, analyzed qualitatively, and evaluated
for bias using the Cochrane Risk of Bias Tool 2. The review includes RCTs on
women with PCOS, aged 18 years and older, with a BMI of at least 24kg/m>.
Studies were excluded if they were not original, relied on secondary data, involved
animal testing, lacked sufficient information, were non-translatable, contained
unextractable data, were duplicates, or assessed metformin against interventions
other than liraglutide. Combination therapy demonstrated advantages over
monotherapy, where participants showed notable reductions in BMI, waist
circumference, and insulin resistance (HOMA-IR). Improvements in lipid profiles
were observed, including reductions in LDL and triglyceride levels alongside
increases in HDL levels. This systematic review highlights the superior efficacy
and manageable safety profile of metformin-liraglutide therapy in managing
metabolic and endocrine dysfunctions in women with PCOS. Improvements in
key parameters suggest combination therapy as an effective option. While side
effects were reported, they were mild to moderate and did not detract from overall
advantages. Future research with larger sample sizes and longer durations is
warranted to confirm findings and investigate long-term benefits.
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1. INTRODUCTION

Polycystic ovary syndrome (PCOS), which affects approximately 4%—-20% of reproductive-aged women
globally, remains a significant but under-recognized health issue. Deswal et al. (2020) stated that PCOS is
a hormonal disorder that disrupts ovarian function, leading to excessive androgen production and hormonal
imbalances. The American Society for Reproductive Medicine (ASRM) has recognized the broad metabolic
impact of PCOS and endorsed renaming it to polyendocrine metabolic ovarian syndrome (PMOS). This
shift reframes PCOS from being seen merely as a complex, long-term hormonal disorder to a condition
with clearer metabolic focus, allowing for more appropriate and effective treatment approaches. Women
with PCOS often face multiple comorbidities, including obesity and poor glucose metabolism, which
increase the risk of diabetes, dyslipidemia, hypertension, and metabolic syndrome—all of which
significantly contribute to systemic morbidity and diminish health-related quality of life.

Metformin, an insulin-sensitizing drug primarily used to treat type 2 diabetes, has become the leading
medication for managing insulin resistance in PCOS due to its effectiveness in lowering blood sugar levels
without causing weight gain or hypoglycemia (Kumar et al., 2016). It also offers additional benefits, such
as reducing cholesterol levels, lowering the risk of heart disease, promoting regular menstrual cycles and
ovulation, and reducing miscarriage risk. Liraglutide, a glucagon-like peptide-1 (GLP-1) receptor agonist
used for diabetes management and weight loss, enhances insulin secretion and promotes significant weight
loss (Nylander et al., 2017).

Given that weight reduction is the primary modifiable risk factor for PCOS, treatment strategies have
been developed for overweight or obese women with this condition. Despite the use of medications and
lifestyle modifications, many individuals with PCOS continue to exhibit obesity that is refractory to
conventional interventions, highlighting the potential of liraglutide as a promising alternative treatment.
Comparative research evaluating the efficacy and safety of metformin monotherapy versus a liraglutide
plus metformin combination therapy in managing PCOS and associated metabolic disturbances is needed
to determine which medication regimen offers superior benefits for weight management and endocrine
levels, thereby enhancing overall treatment efficacy in this patient population.

2. MATERIAL & METHODOLOGY

This study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (PRISMA Executive, 2014). The study protocol was registered with
PROSPERO prior to execution (Registration No. CRD42024603187).

2.1 Design of study

An electronic literature search from database inception through 2024 was conducted using PubMed,
Scopus, and ClinicalTrials.gov. The search was restricted to articles published in English or those with
available translations. The search strategy employed the terms “Polycystic Ovarian Syndrome,”
“Metformin,” and “Liraglutide,” combined with Boolean operators (AND/OR). The detailed search strings
and associated databases are presented in Table 1.
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Table 1. Search strings and where they were used.

Database Search String

PubMed (PCOS or polycystic ovarian syndrome) OR (hirsutism) OR (hyperandrogenism) AND
(GLP-1 receptor agonist) OR (glucagon-like peptide 1 receptor agonist) OR (liraglutide)
AND (metformin)
Filters: Clinical Trial, Randomized Controlled Trial

Scopus (TITLE-ABS-KEY (ovar* AND disease) OR TITLE-ABS-KEY (pcos) AND TITLE-
ABS-KEY (liraglutide) AND TITLE-ABS-KEY (metformin))

Clinical Trial Registries such - Condition/disease
as: . PCOS
e  ClinicalTrials.gov - Other terms
e  Polycystic Ovary Syndrome
- Intervention/treatment
e  Liraglutide or metformin

2.2 Study selection

The selection of studies was performed by two reviewers who evaluated articles through abstract and full-
text screening. Articles that failed to meet the inclusion criteria were excluded and systematically coded in
accordance with a comprehensive manual to maintain uniformity. Exclusion criteria encompassed studies
that did not involve clinically diagnosed women with PCOS, studies comparing metformin with therapies
other than liraglutide, or studies that failed to evaluate metabolic and endocrine outcomes. Additional
exclusion categories encompassed non-randomized trials, non-original papers, inadequate data, duplicates,
translation issues, and animal studies. Each rejected study was assigned a distinct code (1-10) to clearly
elucidate the rationale. All included and excluded studies were documented, and any discrepancies between
the two reviewers were reconciled through discussion, thereby ensuring transparency and reliability in the
selection process.

2.3 Data extraction

Publication information: Title, author, year of publication, journal name, country, conflict of interest, and
funding sources.
1. Study design: Context, design, time frame, and sampling method.
2. Participants: Age, sex ratio, race/ethnicity, sample size, inclusion/exclusion criteria,
withdrawals/exclusions.
3. Methodological characteristics: Start and end dates, participant screening tool, randomization
process, study delimitations, ethical sanction.
4. Intervention characteristics: Number of participants, theoretical basis, description, duration,
administration schedule, delivery, and provider assigned.
5. Comparator characteristics: Number of participants, theoretical basis, concise description,
duration, and assigned provider.
6. Measures of outcomes: Timepoints measured, person responsible, unit of measurement, scales
used, instrument validation, imputation of missing data, risk estimate, power, and response rate.
7. Data for pooling, if available (sample size, mean, standard deviation, and the p-value).
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2.4  Quality assessment and risk of bias

The quality of the included studies was assessed using the Cochrane Risk of Bias tool (RoB 2; Cochrane,
2019), concentrating on domains including randomization, outcome measurement, and reporting bias. Two
independent reviewers assessed each study, and any discrepancies were reconciled through consensus or,
if necessary, consultation with a third reviewer.

2.5 Data processing and qualitative analysis

The characteristics of the included studies were analyzed through frequency statistics, and a narrative
synthesis was conducted using the extracted data. Studies were evaluated across five primary domains of
interest:

1. Participant characteristics (i.e., women diagnosed with PCOS);

2. Methodological characteristics (i.e., randomized controlled trials);
3. Characteristics of the Intervention and Comparator Groups (LIRA/MET);
4. Characteristics of the Outcome Measured (Metabolic and Endocrine outcomes); and
5. Risk of bias (RoB 2)
3. RESULTS

3.1 Search results

Following the execution of the search strategies across the three databases, the initial search retrieved a
total of 1,838 studies. All 1,838 studies were screened against the eligibility criteria, resulting in the
exclusion of 1,835 articles based on the ineligibility coding. After this screening, three articles met the
inclusion criteria and were subjected to qualitative analysis. The completed PRISMA flow diagram in Fig.
1 summarizes this entire process. Metabolic and endocrine outcomes were qualitatively analyzed and are
presented in the tables, comparing metformin monotherapy with a liraglutide—metformin combination
therapy.

The reviewed studies exhibited notable strengths, although their reliability was impacted by a high
risk of bias, which is illustrated in the risk of bias summary (Fig. 2). Specifically, the open-label design of
these trials introduced potential detection bias in outcome measurement. Despite this limitation, a detailed
analysis was conducted to evaluate how metformin monotherapy, as well as its combination with
liraglutide, affected various metabolic and endocrine functions.
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Records identified from*:
Databases (n = 1838)
Pubmed (n= 149)
Scopus (n=1685)
Clinical Trial.gov (n= 4)

Records removed before
screening:
Duplicate records
removed (n=5)
Records marked as

l

Records screened

ineligible by automation tools
(n=0)

Records removed for
other reasons (n = 0)

Records excluded**

(n=1838)
|

Reports sought for retrieval

(n=1835)

Reports not retrieved

(n=0)
|

Reports assessed for eligibility
(n=7)

Studies included in review
(n=3)

Reports of included studies
(n=3)
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(n=0)

Reports excluded:

Reason Metformin versus
any other interventions other
than liraglutide/ or no
intervention/ placebo (n=4)

Reason Not a randomized
controlled trial (n=0 )

Reason Duplicates (n = 0)

etc.

Fig. 1. Accomplished PRISMA flowchart.
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Fig 2. Risk of Bias Summary
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3.2 Characteristics of included studies

The characteristics of the selected articles are outlined in Table 2. The studies involved a total of 101
randomly assigned patients across the treatment and comparator groups. The studies employed different
methods for sequence generation in their randomization processes. Hossain et al. (2023) utilized a
computer-generated random number chart via the RAND function in Excel, whereas Sever et al. (2014)
adopted simple randomization techniques to ensure unbiased participant allocation. All three articles
(Hossain et al., 2023; Jensterle Sever et al., 2014; Xing et al., 2022) followed an open-label RCT design,
with Jensterle Sever et al. (2014) and Xing et al. (2022) also incorporating a prospective approach. Two
studies compared metformin monotherapy versus a combination therapy of liraglutide and metformin,
while one study compared the combination treatment of metformin and liraglutide versus liraglutide or
metformin alone. The included studies followed the Rotterdam criteria for PCOS diagnosis (Christ &
Cedars, 2023). The target populations consisted of women with PCOS ranging in age from 15 to 45 years
who were monitored over follow-up periods ranging from 4 to 12 weeks.

Table 2. Interventor, comparator, and PCOS diagnosis criteria in the studies.

Author, Interventor Comparator Duration PCOS Age BMI Ethics Funding
Yr (weeks)  Diagnosis Group Review
Criteria (kg/m?)
Hossain Short-term and Metformin 12 15and 227.5 Approved This research received
etal, low-dose Group (500 Rotterdam 45 by Specific partial funding through a
(2024) liraglutide mg twice criteria years Ethics grant from the Research
(subcutaneous daily old Committee and Development
injection of department of BSMMU,
orally) with additional support
1.2_mg once from Novo Nordisk
daily) plus Pharma and Beximco
metformin (500 Pharmaceuticals Ltd. in
mg orally Bangladesh.
twice daily)
Severet  Combined MET Metformin 12 Rotterdam 18 > 24 Approved This research was made
al., 1000 mg BID, Group: Criteria and 40 by Specific possible through funding
(2014) and metformin years Ethics from the Science and
LIRAGLUTIDE  (MET) 1000 old Committee ~ Technology Department's
1.2 mg QD s.c. mg BID, or People’s Livelihood
(COMBI) Liraglutide Science and Technology
(LIRA) 1.2 Joint Program in Liaoning
mg QD s.c., Province
Xing et Combination of Metformin 12 Rotterdam 18 > 24 Approved This study was supported
al., liraglutide and ~ Group: MET Criteria and 40 by Specific  through funding from the
(2022) vs. metformin 1000 mg years Ethics Science and Technology
alone BID p.o. old Committee Department's People’s
LIRAGLUTIDE Livelihood Science and
1.2 mg QD Technology Joint Program
in Liaoning Province.
s.c. plus MET
1000 mg BID
p.o.
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3.3  Anthropometric outcomes

In Table 3, according to Hossain et al. (2023), combination therapy with liraglutide and metformin
(MET/LIRA) reduces BMI more than metformin monotherapy. This improves the overall effectiveness of
the intervention. As for Xing et al. (2022), combining liraglutide and metformin resulted in a 2.4 + 1.0
decrease compared to 1.3 + 1.3 for liraglutide and 0.5 + 0.5 for metformin alone. Waist circumference data
was only accessible to Sever et al. (2014). Combined therapy with liraglutide and metformin significantly
decreases waist circumference by 5.5 £ 3.8 cm compared to monotherapy with LIRA (3.2 £ 2.9 ¢cm) and
MET (1.6 £ 2.9 cm). In the research of Sever et al. (2014), the combination of metformin and liraglutide
resulted in the greatest waist reduction.

Table 3. A summary of clinical studies with anthropometric outcomes.

Author, Yr Intervention Anthropometric Measurement
(mean = SD)
a. BMI (kg/m’) b. Waist Circumference (cm)
Before After Before After

Hossain et al., MET 32.8+£3.3 322+3.7
(2024)

MET/LIRA 347+3.7 33.0+3.7
Sever et al., (2014) MET 36.6+3.5 36.1+3.8 1223+7.0 120.7+7.8

LIRA 393+42 37.9+4.0 1249+99 121.7+£9.6

MET/LIRA 37.6+5.1 353455 121.9+17.7 116.4+ 184
Xing et al., (2022) MET 28.80 +4.25 26.88 +3.76

MET/LIRA 29.69 + 3.44 26.24+2.75

3.4 Metabolic outcomes

Tables 4 and 5 summarize the different metabolic effects observed across the included studies when
assessing the glucagon-like peptide-1 receptor agonist (GLP-1 RA) MET/LIRA against MET monotherapy
in women with PCOS. Two of the studies found that the homeostatic model assessment for insulin
resistance (HOMA-IR) score improved, suggesting reduced insulin resistance, whereas Sever et al. (2014)
observed no significant change in either group. Specifically, Hossain et al. (2023) reported that compared
to MET alone, the combination of MET/LIRA significantly decreased insulin resistance (p = .026).
Similarly, Xing et al. (2022) found that the combination treatment reduced insulin resistance more
effectively than monotherapy; the MET/LIRA group demonstrated a significant improvement, with
baseline HOMA-IR scores decreasing from 4.85 +2.09 to 2.62 + 1.05 after 12 weeks. Regarding glycemic
and lipid regulation, Sever et al. (2014) noted that 42% of individuals with impaired glucose tolerance
improved following the intervention, although outcomes were mixed across the treatment cohorts.
Additionally, metabolic syndrome resolved in three liraglutide-treated patients, whereas participants in
several other groups continued to exhibit the condition. Following a 120-minute oral glucose tolerance test
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(OGTT), the combination therapy dramatically reduced glucose levels (p = .006 vs. metformin
monotherapy). The lipid profile analysis indicated that while liraglutide enhanced insulin sensitivity and
lowered LDL and triglyceride levels, metformin lowered HOMA-IR values and slightly increased HDL
levels. However, Sever et al. (2014) also observed that while the combination treatment lowered LDL and
insulin output, it gradually increased HOMA-IR over time in their specific cohort, implying a potential risk
of rebound insulin resistance. Ultimately, these three studies demonstrate that both combination therapy
and monotherapy can significantly alter metabolic markers in women diagnosed with PCOS, as summarized
in Table 4.

Table 4. A summary of metabolic outcomes associated with glycemic profile changes in clinical studies

Author, Yr Intervention Glycemic Profile
HOMA-IR Insulin
(mean, range, standard deviation, median, (mean, range, standard
and interquartile range) deviation,median, and interquartile
range)
Before After Before After
Hossain. et al., (2024) MET 3.7(2.5-5.0) 39(24-52) 174(11.7-26.4) 16.6 (11.7 -
plU/mL 28.5) ulU/mL
MET/LIRA 49 (3.8-6.9) 33(23-52) 20.8(18.5-25.9) 15.4 (109 -
plU/mL 22.2)
ulU/mL
Sever. et al., (2014) MET 3.8 (3.8)* 2.5 (2.4)* 12.3 (13.3)* 12.7 (8.3)*
mU/1 mU/1
LIRA 24 (2.3)* 2.1 (2.0)* 59.2 (97.0)* 68.4 (88.1)*
mU/l mU/l
MET/LIRA 1.7 (4.9)* 2.1 (2.9)* 7.7+1.8 5.8+1.3
mU/1 mU/1
Xing. et al., (2022) MET 4.53+3.07 2.86 +£2.05
MET/LIRA 4.85+2.09 2.62+1.05

*indicate the difference between median - interquartile range

3.5 Endocrine outcomes

Hossain et al. (2023) and Sever et al. (2014) demonstrated that MET and MET/LIRA improved
gonadal function, as detailed in Table 6. Luteinizing hormone (LH), follicle-stimulating hormone (FSH),
and Total testosterone (TT) levels increased dramatically after 12 weeks with the combination drug,
improving menstruation control and ovarian follicle production. MET/LIRA decreased TT better than
metformin. No substantial difference was seen in FSH, or LH/FSH ratio.

In three clinical trials, MET/LIRA therapies resulted in a greater reduction in TT levels than
metformin monotherapy while no other hormone parameters were altered. Higher rates of adverse events
were reported with the combination therapy group in study by Hossain et al. (2023), indicating a potential
trade-off between efficacy and tolerability.
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In clinical studies, MET/LIRA lowers hormone levels in PCOS women. Hossain et al. (2023) and
Xing et al. (2022) reported notable drops in TT across their respective trials, with values decreasing from
2.1 to 1.6 nmol/L, 52.2 to 44.8 ng/dL, and 0.79 to 0.62 ng/mL. Furthermore, Sever et al. (2014) observed
that LH levels increased from 6.4 to 8.5 mIU/mL, while Xing et al. (2022) reported a decrease from 12.09
to 6.61 mIU/mL. The latter study also demonstrated a reduction in FSH from 6.22 to 4.42 mIU/mL. These
hormonal improvements demonstrate that combination therapy regulates the hypothalamic—pituitary—
ovarian axis more effectively than monotherapy (Xing et al., 2022).

3.6 Side effects of monotherapy (MET) and combination therapy (MET/LIRA)

Combination therapy with liraglutide and metformin has been shown to effectively enhance glycemic
control, offering significant benefits for managing diabetes and related metabolic conditions (Hossain et
al., 2023; Jensterle et al., 2022; Xing et al., 2022). Although this regimen is associated with mild-to-
moderate adverse events—such as gastrointestinal distress (nausea, vomiting, diarrhea, and heartburn),
insomnia, and occasional hypoglycemia—these reactions are generally manageable and typically resolve
within the first two weeks of treatment (Hossain et al., 2023; Sever et al., 2014). Temporary rashes at the
injection site were also reported (Hossain et al., 2023). Overall, the therapeutic benefits of the combination
therapy outweigh these mild and transient side effects, making it a valuable treatment option for women
with PCOS (Jensterle et al., 2022; Xie et al., 2023).
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Table 5. A summary of metabolic outcomes associated with lipid profile changes in clinical studies.

Author, Yr Intervention Lipid Profile
High-Density Low-Density Triglycerides
Lipoprotein Lipoprotein
(mean, range, standard (mean, standard (mean, range, standard
deviation) deviation) deviation)
Before After Before After Before After
Hossain. et al., (2024) MET 40.5(35.8 45(39.8 - 134.7 + 1235+ 122.0 122.5
- 48.8) 51.0) 414 304 (92.0 - (101.8 -
mg/dL mg/dL mg/dL mg/dL 193.3) 162.5)
mg/dL mg/dL
MET/LIRA 40.5(36.5 42(39.8- 125. 1+ 1234 + 149 131.5
-42) 47.3) 24.6 27.5 (130.8 - (113-
mg/dL mg/dL mg/dL mg/dL 166.5) 172)
mg/dL mg/dL
Sever. et al., (2014) MET 1.1£0.2 1.240.2 2940.6 29405 1.6(0.5)* 13 (0.5)*
mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L
OR
OR OR OR OR OR
61.9 +
425+77 464+7.7 112.1 + 112.1 £ 19.3 503 +
mg/dL mg/dL 23.2 19.3 mg/dL 19.3
mg/dL mg/dL mg/dL
LIRA 1.1£0.3 1.1+0.2 3.2+0.8 3.1+0.5 14 (1.1)*  1.1(1.4)*
mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L
OR
OR OR OR OR OR
54.1 +
42,5+ 425+7.7 123.7+ 119.9 + 42.5 42,5+
11.6 mg/dL 30.9 19.3 mg/dL 54.1
mg/dL mg/dL mg/dL mg/dL
MET/LIRA 1.340.4 1.120.4 3408  2.9+0.8 1.4(0.4)* 1.4 (0.5)*
mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L
OR OR OR OR OR OR
503 + 42,5+ 1315+ 112.1+ 54.1+ 54.1+
15.5 15.5 30.9 30.9 15.5 19.3
mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL
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Table 6. A summary of clinical studies with endocrine outcome.

Author, Yr Intervention Sex Hormones
TT LH FSH
(mean, standard deviation) (mean, range, and standard (mean, range, and
deviation) standard deviation)
Before After Before After Before After
Hossain. et MET 46.1 £15.1 48 (37.7-83.3) 7.3 (3.6- 8.5(5.2- 3.9+1.6 4(3.5-54)
al (2024) ng/dL ng/dL 9.6) IUmL  16.5) IU/mL IU/mL IU/mL
OR OR OR OR
7300 8500 3900 4000
mlU/mL mlIU/mL mlIU/mL mlIU/mL
MET/LIRA 52.2+24.8 44.8(37.3- 6.4 (4.8- 8.5(5.2- 57+1.5 4.0 (3.5 -
ng/dL 83.3) ng/dL 9.6) IUmL  16.5) [U/mL IU/mL 5.4) IU/mL
OR OR OR OR
6400 8500 5700 4000
mlU/mL mlIU/mL mlIU/mL mlIU/mL
MET 1.7£1 1.5£0.9 nmol/I
Sever. et al., nmol/l OR
(2014) OR 433
49.0 ng/dL ng/dL
LIRA 1.8+1.1 2.2+1.4 nmol/l
nmol/l OR
OR 63.4+40.4
51.9+31.7 ng/dL
ng/dL
MET/LIRA 2.1+1.3 1.6+0.7 nmol/I
nmol/l OR
OR 46.1 £20.2
60.6 +37.5 ng/dL
ng/dL
Xing. et al., MET 0.84 + 0.25 0.79 + 11.97+ 9.77 + 6.03 + 528+ 2.11
(2022) ng/mL 0.3 Ing/mL 4.20 5.81mIU/mL 1.48 mlIU/mL
OR OR mlU/mL mlU/mL
84 +£25 79 £+ 31 ng/dL
ng/dL
MET/LIRA 0.79 + 0.62 + 0.24 12.09 + 6.61 £ 4. 6.22 + 442 +
0.20 ng/mL ng/mL 5.26 72 mIU/mL 1.44 2.59
mlU/mL mlU/mL mlU/mL

79 +20 62 + 24 ng/dL
ng/dL

TT- Testosterone; LH- Luteinizing Hormones; FSH- Follicle-Stimulating Hormones

4. DISCUSSION

PCOS is a complex endocrine and metabolic disorder diagnosed using the Rotterdam criteria, which require
at least two of the following: chronic anovulation, hyperandrogenism, or polycystic ovarian morphology
(Shukla et al., 2025). Management primarily begins with lifestyle modifications, including a proper diet
and regular physical activity, especially for weight control. However, pharmacologic therapy is often
necessary to address insulin resistance and hormonal imbalances.
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Metformin has long been used as a first-line treatment for PCOS due to its ability to improve insulin
sensitivity, regulate menstrual cycles, and enhance metabolic parameters, even in non-obese women. The
populations included in the reviewed randomized controlled trials—which compared metformin
monotherapy with a combination therapy of metformin and liraglutide—primarily consisted of overweight
and obese women (defined as a BMI > 24 or > 27.5 kg/m?), rather than non-obese individuals. The findings
of these trials demonstrated that combination therapy led to greater improvements in weight reduction,
fasting insulin levels, lipid profiles, and hormonal balance compared to monotherapy (Hossain et al., 2023;
Jensterle Sever et al., 2014; Xing et al., 2022).

These results suggest that targeting multiple metabolic pathways simultaneously may provide
enhanced benefits; however, future research is needed to determine whether these advantages extend to
non-obese PCOS patients, who are often overlooked in metabolic research. The combined approach appears
promising in managing both endocrine and metabolic complications, potentially advancing individualized
treatment strategies (Xie et al., 2023). However, the interpretation of these findings must consider
limitations such as small sample sizes, short treatment durations, and potential study design biases, which
may affect their generalizability. Additionally, both medications were associated with gastrointestinal
adverse effects, including nausea, vertigo, and diarrhea, which may influence patient adherence (Hossain
et al., 2023; Jensterle Sever et al., 2014; Xing et al., 2022). Overall, the evidence supports the potential
advantage of combination therapy over metformin alone, while emphasizing the need for larger, long-term

studies to confirm its safety, efficacy, and sustainability in diverse PCOS populations.

The possibility of a combination therapy (MET/LIRA) as an intervention in addressing metabolic
and endocrine problems in PCOS

Research conducted by Sever et al. (2014), Hossain et al. (2023), and Xing et al. (2022) consistently
demonstrates that combination therapy with liraglutide and metformin is more effective than metformin
monotherapy. The two drugs appear to act synergistically by targeting both insulin resistance and weight-
related metabolic dysfunction—such as elevated body weight and waist circumference—thereby
reinforcing the combination's superior efficacy in improving anthropometric measures. In addition to
weight reduction, these studies highlight that the combined regimen produces greater improvements in
metabolic and endocrine outcomes. These include enhanced lipid profiles that raise high-density lipoprotein
(HDL) cholesterol while lowering low-density lipoprotein (LDL) cholesterol and triglycerides (potentially
by reducing the hepatic overproduction of very-low-density lipoprotein [VLDL]), alongside improved
glycemic control. This dual action breaks the cycle of insulin resistance and hyperinsulinemia, leading to
significant reductions in HOMA-IR and insulin levels (Hossain et al., 2023; Sever et al., 2014; Xing et al.,
2022).

Women with PCOS treated with combination therapy also exhibited decreased insulin resistance and
improved hormonal balance, characterized by reductions in total testosterone alongside regulatory shifts in
gonadotropins like LH and FSH. This suggests broader therapeutic benefits, wherein attenuated androgen
production helps normalize hypothalamic—pituitary—ovarian axis signaling compared to monotherapy
(Jensterle et al., 2022; Xie et al., 2023). Despite these advantages, side effects such as nausea, diarrhea, and
vomiting were reported, underscoring the importance of monitoring tolerability alongside efficacy.
(Hossain et al., 2023; Jensterle Sever et al., 2014; Xing et al., 2022).
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S. CONCLUSION

This systematic review demonstrates that combination therapy with metformin and liraglutide produces
superior outcomes compared to metformin monotherapy. This combination therapy demonstrated
significant advantages in both metabolic and endocrine parameters, while also influencing the profile of
associated adverse effects. Specifically, patients receiving combination therapy experienced greater
reductions in body mass index (BMI), insulin resistance, and total testosterone levels than those treated
with metformin alone (Hossain et al., 2023; Sever et al., 2014; Xing et al., 2022). However, these findings
are based on a limited number of studies (# = 3) with a high risk of bias, which reduces confidence in the
overall estimates of effect. Although combination therapy was associated with a higher incidence of
gastrointestinal adverse effects, these were generally transient and manageable (Hossain et al., 2023; Sever
et al., 2014). Further well-designed, large-scale, and long-term studies are needed to confirm these findings
and to assess the durability of these benefits, including their potential impact on reproductive outcomes.
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