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Introduction
Polycystic ovary syndrome (PCOS) is an endo-
crine disorder that affects approximately 10–
20% of women of reproductive age.1 There are 
various diagnostic criteria for PCOS including 
the Rotterdam 2003 criteria, Androgen Excess 
Society criteria and the National Institutes of 
Health (NIH) criteria 1990; however, the 

international evidence-based guidelines for the 
assessment and management of PCOS have 
advocated the use of the Rotterdam 2003 diag-
nostic criteria.2–4 According to the Rotterdam cri-
teria, to diagnose a woman with PCOS, she must 
have at least two out of the following three clinical 
and biochemical features: clinical and biochemi-
cal androgen excess, anovulation/oligo-ovulation, 
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and polycystic ovarian morphology verified by 
ultrasound.2 PCOS is also associated with a wide 
range of comorbidities including infertility, met-
abolic syndrome, increased risk of type 2 diabe-
tes (T2DM), obesity, eating disorders, insulin 
resistance (IR), dyslipidaemia, mood swings and 
hepatic steatosis. Furthermore, women with 
PCOS are also at increased risk of miscarriages, 
premature birth, gestational diabetes, and high 
blood pressure.5–7

Management strategies for PCOS include life-
style modifications such as diet and physical 
activity that are the first-line approach to treat-
ment; however, they are reported to be minimally 
effective in reducing weight or treating PCOS-
related symptoms.8 Pharmacological options are 
also available; however, they are not explicitly 
approved for PCOS treatment as they have been 
primarily used to treat other conditions such as 
T2DM. The recent development of multiple new 
therapeutic agents for the management of T2DM 
has broadened the options for patient-specific 
therapies in PCOS. An example of these are the 
incretin-based therapeutic agents.

A significant increase in the plasma insulin level 
has been observed after oral glucose administra-
tion compared to intravenous glucose infusion; 
this phenomenon is known as the ‘incretin effect’ 
and contributes to 80% of the total insulin secre-
tion after oral glucose ingestion.9,10 Incretins are 
the gut-secreted hormones including glucose-
dependent insulinotropic peptide (GIP) and 
glucagon-like peptide 1 (GLP-1) that are both 
secreted in response to meal ingestion, and they 
enhance glucose-stimulated insulin secretion.11 
Incretin hormones also maintain glucose homeo-
stasis by reducing hepatic glucagon release, slow-
ing gastric emptying and suppressing appetite, 
thereby helping to control body weight and 
improve glycaemic control.10 However, most of 
the studies in PCOS have found impaired incretin 
secretion and activity in overweight/obese indi-
viduals, and relatively small studies have reported 
reduced, normal, or increased GLP-1 levels in 
patients with PCOS.12,13 Increased GIP and lower 
GLP-1 concentrations have been reported after 
an oral glucose tolerance test (OGTT) in women 
with PCOS.14 A reduction of GLP-1 was also 
reported in individuals with impaired glucose tol-
erance (IGT) and impaired fasting glucose (IFG), 
early markers for prediabetes and the progression 
to T2DM.15 Initial incretin-based therapy was 

suggested to reverse the risk of prediabetes by 
preserving β-cell function in patients with IFG 
and IGT.16,17

Endogenous GLP-1 has a relatively short half-life 
of 1–2 min and it is quickly degraded by the pro-
teolytic enzyme dipeptidyl peptidase-4 (DPP-4) 
more rapidly than GIP, which has a half-life of 
5 min.18 The DPP-4 inhibitors are a class of oral 
anti-diabetes medications that improve glycaemic 
control by increasing endogenous physiological 
levels of both GLP-1 and GIP.19 Glucagon-like 
peptide 1 receptor agonists (GLP-1 RAs) mimic 
the action of native GLP-1, achieving pharmaco-
logical levels, and they are resistant to DPP-4 
degradation. They have been shown to improve 
glycaemic parameters significantly and some 
agents, such as semaglutide,20 show remarkable 
weight reduction in overweight and obese patients 
with or without diabetes.21 Studies in both animal 
models and clinical settings have demonstrated 
that both DPP-4 inhibitors and GLP-1 RAs are 
effective therapeutic agents in the management of 
PCOS and the prevention of its metabolic conse-
quences.22 The current review summarises the 
recent evidence on the incretin-based therapies, 
including GLP-1 RAs, and DPP-4 inhibitors in 
the management of PCOS, both in animal mod-
els and in human studies. This study was con-
ducted following guidance from the international 
evidence-based guidelines for the assessment and 
management of PCOS-2018.4

The expression of GLP-1 receptors in the 
hypothalamic–pituitary–gonadal system
GLP-1 mRNAs are densely expressed on the cer-
ebral cortex, hippocampus, thalamus, and hypo-
thalamus.23 GLP-1 has the potential to regulate 
gonadotropin-releasing hormone (GnRH) release 
from the hypothalamic neurons and it has been 
shown to modulate nitric oxide and the endocan-
nabinoid pathways that regulate the GABAergic 
current in the postsynaptic GnRH neurons.24 
There is also increased expression of the GLP-1 
receptors in the area overlapping the arcuate 
nucleus of the hypothalamus that are occupied by 
proopiomelanocortin (POMC) neurons. Increased 
activity in POMC neurons reduces appetite and its 
inhibition causes obesity.25 The data showed that 
GLP-1 has the potential to increase the electrical 
activity in the hypothalamic POMC neurons by 
upregulating the protein kinase A (PKA) and 
increasing the L-type calcium channel (Ca²+), 
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which accounts for the action of GLP-1 in sup-
pressing appetite.25 In an experimental study, acti-
vation of GLP-1 RAs in the lateral hypothalamus 
of male rats reduced food reinforcement, food 
intake and the ingestive behaviour.26

Others have shown that GLP-1 RAs, including 
liraglutide, stimulate brown adipose tissue ther-
mogenesis by activating AMPK in the ventrome-
dial nucleus of the hypothalamus, which led to 
weight reduction independent of food intake.27 
In humans, changes in energy expenditure do not 
seem to contribute significantly to the weight-
lowering effect of these drugs. In comparison to 
the hypothalamus, lower GLP-1 mRNA is 
expressed in the pituitary gland, where GLP-1 
increases the release of luteinising hormone (LH) 
via its effect on releasing GnRH.28 Acute intrac-
erebral injection of GLP-1 promoted an immedi-
ate increase in the preovulatory LH, which 
provoked a significant rise in the level of estrogen 
and progesterone, and the number of mature fol-
licles.29 GLP-1 RA is also expressed in ovaries 
and the effects of GLP-1 RA have been observed 
in both preclinical and clinical studies.30 
Treatment of obese women with PCOS with lira-
glutide resulted in a significant reduction of 
androstenedione, free testosterone, and an 
increased level of sex hormone-binding globulin 
(SHBG).31 GLP-1 also significantly suppressed 

the level of progesterone with no effect on estro-
gen synthesis.30

The potential mechanisms by which GLP-1  
RAs and DPP-4 inhibitors improve the 
metabolic parameters in PCOS
In addition to its glycaemic effect, there is con-
siderable evidence that GLP-1 improves insulin 
sensitivity in peripheral tissues. An increase in 
GLP-1 concentration achieved by administering 
GLP-1 RAs or DPP-4 inhibitors can enhance 
insulin sensitivity and glucose uptake both in ani-
mal and human muscle as well as in adipose tis-
sue32 (Figure 1). However, the primary role for 
GLP-1 therapy in achieving these outcomes is 
through weight reduction and the central anorec-
tic effects. However, not all reported studies 
found an improvement in insulin sensitivity in 
obese women with PCOS. It has also been pro-
posed that GLP-1 facilitates glucose disposal in 
an insulin-independent fashion; however, this 
could be attributed to the overall reduction of 
glucagon secretion and changing the insulin/
glucagon ratio.33 There is evidence suggesting 
that GLP-1 possesses anti-inflammatory proper-
ties. In obese individuals, inflammation of the 
adipose tissue is the main driver for IR, and treat-
ment with GLP-1 analogues suppresses the 
inflammatory response by reducing macrophage 

Figure 1. The mechanism by which glucagon-like peptide-1 (GLP-1) and GLP-1 receptor agonists (RAs) 
enhance insulin sensitivity and weight loss.

https://journals.sagepub.com/home/tae


Therapeutic Advances in Endocrinology and Metabolism 12

4 journals.sagepub.com/home/tae

secretion of inflammatory cytokines including 
interleukin-1 β (IL1β), interleukin-6 (IL6) and 
tumour necrosis factor-β (TNF-β).34 Therefore, 
by reducing the inflammatory response, GLP-1 
facilitates insulin sensitivity.

GLP-1 reduces the stress in the endoplasmic 
reticulum (ER) and improves IR in adipose tis-
sues by modulating the protein kinase R-like 
endoplasmic reticulum (PERK) pathway by tar-
geting activating transcription factor 4 (ATF4) 
and C/EBP homologous protein (CHOP) expres-
sion.35 Furthermore, it increases the inhibitory 
effect of insulin on glucose, decreases very low 
density lipoprotein (VLDL) triglyceride release 
and facilitates glucose disposal.36 GLP-1 has a 
significant impact on eating behaviour, intestinal 
motility, appetite, and gastric emptying (Figure 1). 
It also has a direct effect on the feeding centre in 
the hypothalamus where there are GLP-1 recep-
tors in the hypothalamic nuclei.37 GLP-1 decreases 
both gastric emptying as well as intestinal motility 
directly by reducing gastric smooth muscle activ-
ity, thereby delaying glucose absorption and 
inhibiting postprandial glucose excursions.38 In 
addition, GLP-1 has a significant effect in sup-
pressing appetite and inducing satiety, thereby 
decreasing food intake and facilitating weight loss 
in both humans and animals.37

The GLP-1 receptors are also expressed in β-cells 
of the pancreas where GLP-1 exerts multiple 
actions. GLP-1 stimulates insulin release via vari-
ous molecular pathways including the production 
of cyclic adenosine monophosphate (cAMP), 
activation of voltage-dependent Ca2+ channels, 
and Ca2+ influx with increased intracellular Ca2+, 
which stimulates insulin-containing secreting 
granules and facilitates insulin release into the 
bloodstream.10,39 In addition to its insulinotropic 
effects, GLP-1 expands pancreatic β-cell mass by 
promoting β-cell growth, differentiation and pro-
liferation by activating the epidermal growth factor 
receptors which, in turn, promote phosphatidylin-
ositol-3 kinase (PI3-K) to synthesise DNA.10,40 
GLP-1 utilises its β-cell proliferative effect by 
down-regulating PI3-K, protein kinase B (PKB/
Akt), extracellular signal-related kinase (ERK), 
p38, protein kinase and mitogen-activated pro-
tein kinase (MAPK).41,42 It has also been reported 
that GLP-1 enhances β-cell survival by reducing 
apoptosis caused by various cytotoxic stimuli.10 
Currently, GLP-1-based therapies are used more 

often in the management of patients with T2DM 
and for the treatment of obesity.

Methods
We performed a systematic search of databases 
including PubMed, MEDLINE and EMBASE 
up to 1 October 2020. We developed a search 
string of medical subject headings (MeSH) 
including the terms polycystic ovary syndrome, 
PCOS, incretin-based therapy, incretin hor-
mones, incretin mimetics, glucagon-like-peptide 
1, GLP-1, GLP-1 receptor agonists, GLP-1 RAs, 
liraglutide, exenatide, semaglutide, dipeptidyl 
peptidase 4 inhibitors, DPP-4 inhibitors, gliptins, 
sitagliptin, alogliptin, saxagliptin, linagliptin, vild-
agliptin combined with insulin resistance, andro-
gen, testosterone, sex hormone-binding globulin 
(SHBG), follicular stimulating hormone, FSH, 
luteinising hormone, LH, androstenedione, free 
androgen, menstrual irregularity, menstrual cycle, 
fertility, infertility, subfertility, gonads, ovaries, 
expression of GLP-1, hypothalamus, pituitary, 
pregnancy rate and ovulation. The search was 
limited to English language only with no limit to 
the year of publication. An initial screening was 
conducted using titles and abstracts. For eligible 
studies, the full texts were retrieved, and one 
reviewer extracted data in consultation with the 
co-authors.

Results
The review included eight interventional animal 
studies, one observational animal study, 14 inter-
ventional human studies, two case–control human 
studies and one systematic review. Due to the 
high level of heterogeneity among the included 
studies, it was not possible to conduct a meta-
analysis; therefore, the results were narratively 
presented (Figure 2).

Evidence for the therapeutic potentials  
of GLP-1 RA in PCOS

Exenatide
Studies in animal models. Exenatide is one of the 
newest therapeutic agents for the treatment of 
T2DM, and its use in PCOS has increased 
recently. In a rodent study, 50 female rats (25 days 
old) were randomly allocated to a PCOS-induced 
group (n = 37) or a control group (n = 13). The 
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rats in the PCOS group were injected with 
dehydroepiandrosterone (DHEA) at a dose of 
6 mg/100 g/day and 0.2 ml of soybean oil to induce 
PCOS; meanwhile, 0.2 ml of soybean oil only was 
administered to the control group. The PCOS-
induced rats were then divided into three groups; 
the PCOS-exenatide group were injected with 
10 µg/kg/day of exenatide, the PCOS metformin 
group were given metformin 300 mg/kg/day, and 
a PCOS normal saline group was injected with 
0.2 ml of saline together with the control group 
for 4 weeks. In the exenatide-treated group, the 
number and the size of endometrial glands were 
reduced due to the increase in the expression of 
AMP-activated protein kinase α (AMPKα) and 
the deacetylates enzyme (SIRT1).43 Moreover, 
the high expression of AMPKα and SIRT1 
improved the endocrine and reproductive profiles 
in PCOS-induced rats treated with exenatide; 
for instance, there was a significant weight loss 
(from 222.64 ± 16.57 g to 218.63 ± 13.18 g) in 
the exenatide group versus 238.30 ± 12.26 g in 
the metformin group.44 The homeostatic model 
assessment of insulin resistance (HOMA-IR) 
was also lower in the exenatide group (from 
8.26 ± 2.50 to 7.71 ± 1.23) versus 12.66 ± 1.44 
in the metformin group. There was also a signifi-
cant reduction in the level of serum androgen 
(0.09 ± 0.03 ng/ml versus 0.53 ± 0.41 ng/ml) in 

the exenatide and metformin groups, respec-
tively.44 The androgen reduction effect of GLP-1 
RA occurred despite the ongoing daily injection 
of DHEA.

In a randomised trial study, 45 female rats (3 weeks 
old) were randomly allocated to a DHEA-induced 
group and a control group.45 The DHEA group 
was further divided into three groups: metformin 
treatment group (265 mg/kg); exenatide treat-
ment group (10 µg/kg) and a saline group (1 ml) 
in addition to the control group for a total dura-
tion of 4 weeks. The results showed that there was 
a comparable effect in weight reduction between 
metformin and exenatide, and both exenatide 
and metformin significantly reduced the levels of 
testosterone, LH and the LH/FSH ratio and 
increased the level of SHBG.

Clinical studies. Sixty overweight/obese women 
diagnosed with PCOS were randomly allocated to 
receive either metformin (1 g BID), exenatide 
(10 µg BID) or a combined dose of metfor-
min + exenatide for 24 weeks.46 The combination 
therapy was superior in regulating the menstrual 
cycle, improved the ovulation rate, insulin sensi-
tivity, and reduced androgen levels, weight and 
abdominal adiposity. A 24-week open-label ran-
domised trial of 176 overweight/obese women 

Figure 2. Flowchart for the method of study selection.
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with PCOS randomly allocated to receive either 
metformin 1 g BID (n = 88) or exenatide 10 µg 
BID (n = 88) for the initial period of 12 weeks was 
performed, following which all women continued 
to receive metformin alone for a second period of 
12 weeks. After the initial 12-week period, the 
exenatide group showed significant weight loss 
(4.29 ± 1.29 kg) compared to 2.28 ± 0.55 kg with 
metformin. HOMA-IR was also improved sig-
nificantly with exenatide therapy (1.30 ± 0.58) 
compared to metformin (0.59 ± 0.12). The total 
fat mass was reduced considerably with exena-
tide (4.67 ± 0.09%) compared to metformin 
(1.11 ± 0.32%). The ratio of menstrual frequency 
was also increased with exenatide (0.62 ± 0.12) 
compared to the metformin group (0.37 ± 0.01). 
In the second period of 12 weeks, there was a 
higher rate of spontaneous pregnancy in the pre-
viously treated exenatide patients (43.60%) than 
in metformin (18.70%)47 (Table 1).

Recently, exenatide was also shown to improve 
the parameters of lipid profiles and amino acid 
metabolism in women with PCOS.57 A 4-month 
clinical study was conducted in a population of 
30 overweight/obese women with PCOS ran-
domly assigned to receive exenatide (5 µg BID) 
for 4 weeks followed by exenatide (10 µg BID) for 
12 weeks. Treatment with exenatide showed a 
significant reduction in body weight (from 
111.8 ± 4.8 to 108.6 ± 4.6 kg), reduction in car-
diovascular risk markers including p-selectin 
(from 101.1 ± 8.2 to 87.4 ± 6.6 ng/ml) as well as 
e-selectin (from 38.5 ± 3.3 to 33.6 ± 2.6 ng/ml), 
and an improvement in the inflammatory marker 
C-reactive protein (CRP)56 (Table 1).

Zinc-α-2-glycoprotein (ZAG) is a protein that 
stimulates and enhances lipolysis and drives a 
reduction in body fat mass. In a recent 12-week 
randomised clinical trial, 82 overweight/obese 
women with PCOS were assigned to receive 
exenatide (10 µg BID) or metformin (1 g BID). 
After 12 weeks, there were no significant differ-
ences observed within the two groups (p > 0.05); 
however, the level of the circulating ZAG was 
increased in both treatment groups (p < 0.01)58 
(Table 1).

Liraglutide
Studies in animal models. Liraglutide is a long-
acting GLP-1 analogue with 97% similarity to 
human GLP-1. Compared to endogenous GLP-1, 

liraglutide possesses an additional 16 carbon 
chain that delays its absorption and slows its deg-
radation by DPP-4, thereby prolonging its half-
life to over 13 h.59 The clinical effectiveness of 
liraglutide in the management of T2DM has led 
to its approval by the European Medicines Agency 
(EMA) in 2009 and by the US Food and Drug 
Administration (FDA) in 2010.60 There has been 
increased interest in considering liraglutide as a 
prospective therapeutic option for the manage-
ment of PCOS.61 In addition to its glycaemic 
reducing effect, liraglutide also has significant 
effects on weight reduction, lowering blood pres-
sure and improving the lipid profile. A study of 50 
C57BL6 female mice aged 3 weeks was per-
formed, randomly assigning them into two 
groups: the DHEA group (n = 40) and a vehicle 
group (n = 10). The first group was injected with 
DHEA (6 mg/100 g/day) for 20 successive days 
while the vehicle group received sesame oil at a 
dose of 0.1 ml/100 g. At the age of 32 days, the 
DHEA mice received a liraglutide injection at a 
dose of 0.2 mg/kg BID for 21 days, and the con-
trol group received saline injections daily. After 
6 weeks, liraglutide induced granulosa cell prolif-
eration and promoted their viability in DHEA-
induced PCOS mice by modifying the forkhead 
box protein O1 (FOXO1) phosphorylation site.62 
In another study of 20 Parkes strain mice, PCOS 
was induced using DHEA at a dose of 6 mg/100 g 
of body weight per day. The PCOS-induced mice 
then received liraglutide, either 100 or 200 µg/day 
twice a day for 14 days. Liraglutide was shown to 
enhance adiponectin and IL6 synthesis and to 
reduce serum levels of triglyceride, glucose and 
testosterone. It also improved ovarian function 
and elevated the level of adiponectin by increas-
ing the expression of Akt and PI3K.63

Clinical studies. In an observational trial in 84 
overweight/obese women with PCOS, the women 
received liraglutide at an initial dose of 0.6 mg 
subcutaneously once a day and then this was 
increased to 1.8 mg a day for 4 weeks. There was a 
significant reduction in weight of up to 9.0 kg, 
and the body mass index (BMI) was also reduced 
by 3.2 kg/m² in the liraglutide treatment period of 
27.8 weeks48 (Table 1).

A 12-week randomised open-label trial compared 
treatment with metformin 1 g QD, liraglutide 
1.2 mg QD and roflumilast 500 mcg in 45 over-
weight/obese women with PCOS. The results 
showed that liraglutide was superior in reducing 
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weight (3.1 ± 3.5 kg) compared to roflumilast 
(2.1 ± 2.0) and metformin (0.2 ± 1.8 kg) com-
pared to baseline.31

A double-blind, randomised placebo controlled 
trial of 72 overweight women with PCOS who 
were treated with liraglutide 1.8 mg/day or pla-
cebo for 26 weeks was performed. Treatment 
with liraglutide reduced body weight significantly 
by over 5%, liver fat by 44%, visceral adipose tis-
sue by 18% and free testosterone level by 19%.49 
Moreover, an even smaller dose of liraglutide of 
1.2 mg/day for a shorter period of 12 weeks was 
also associated with significant weight reduction 
and improved eating behaviour of women with 
PCOS50 (Table 1).

Another study of 30 obese women diagnosed with 
PCOS evaluating the effectiveness of a smaller 
dose of liraglutide (1.2 mg) combined with met-
formin versus high dose liraglutide (3 mg) alone 
was performed. Treatment with high dose liraglu-
tide alone showed superiority to low dose liraglu-
tide combined with metformin. It significantly 
reduced both BMI and waist circumference 
(–2.2 ± 1.3 kg/m² and 4.2 ± 3.4 cm) compared to 
−1.3 ± 1.9 kg/m², –2.2 ± 6.2 cm, respectively in 
low dose liraglutide combined with metformin51 
(Table 1).

In a case–control trial of 19 women diagnosed 
with PCOS and 17 matched controls, 6 months of 
liraglutide therapy significantly reduced body 
weight from baseline (3.0 ± 4.2 kg and 3.8 ± 3.4 kg), 
respectively. An improvement in the procollagen 
type 3 amino-terminal peptide (PIIINP), which is 
a parameter of liver cirrhosis, was seen in the 
PCOS group that was reduced significantly from 
4.4 ± 0.8 to 3.7 ± 0.9 ug/ml, in contrast to a non-
significant decrease in the control group 
(3.5 ± 0.8–3.2 ± 0.7 ug/ml).52

A recent case–control study evaluated the effects 
of 6 months management with liraglutide 1.8 mg/
day on body weight, depression scale and quality 
of life (QOL) in 19 young and obese women with 
PCOS compared to 17 age-matched controls. 
Liraglutide treatment resulted in significant 
weight reduction in the PCOS group (3.0 ± 4.2 kg) 
compared to 3.8 ± 3.4 kg in the control group. 
There was also a significant improvement in the 
social health, physical and psychological compo-
nents of the World Health Organization QOL 
questionnaire (WHOQOL-BREF).53

In a double-blind, randomised trial of 72 women 
with PCOS randomly assigned in a 2:1 ratio to 
receive either liraglutide 1.8 mg once a day or pla-
cebo for 26 weeks, women treated with liraglutide 
had a significant improvement in their menstrual 
bleeding, weight reduction of 5.2 kg, increased 
levels of SHBG and a reduction in levels of free 
androgen compared to placebo54 (Table 1).

In a prospective open-label randomised trial of 28 
infertile obese women with PCOS treated with met-
formin (1 g/day) alone or in combination with low 
dose liraglutide (1.2 mg/day) for 12 weeks, patients 
treated with metformin lost an average of 7 kg of 
weight compared to 7.5 kg in the combination 
group. There was also an increase in the pregnancy 
rate in the combination group compared to the met-
formin group (85.7% versus 28.6%), respectively. 
Therefore, intervention with low dose liraglutide in 
combination with metformin is superior to met-
formin alone in increasing the pregnancy rate.55

The results of a systematic review of seven 
Randomised Clinical Trials (RCTs), including a 
total of 178 women with PCOS indicated that, 
following liraglutide treatment, BMI was 
reduced significantly (–1.65 kg), although no 
changes in waist circumference, IR or SHBG 
were observed. However, serum testosterone 
dropped by 0.29 nmol/L in 88 patients.64

Semaglutide
Semaglutide is a genetically engineered GLP-1 ana-
logue with a long half-life of 168–184  hours and is 
used in the management of T2DM either alone or 
combined with other anti-diabetes therapies. 
Recently, oral semaglutide has been approved for the 
treatment of T2DM.65 Most of the trials have been 
performed in patients with T2DM in which treat-
ment with semaglutide has shown significant 
improvements in glycaemic parameters, considerable 
weight reduction and decreasing cardiometabolic 
risk factors. Thus, semaglutide might potentially be 
the next therapeutic agent in the management of 
PCOS; however, robust clinical trials are needed.

Evidence for the therapeutic potentials of 
DPP-4 inhibitors in PCOS

Sitagliptin
Studies in animal models. Sitagliptin was the first 
DPP-4 inhibitor to be introduced in clinical 
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practice and the most studied class of DPP-4 
inhibitors. It inhibits the action of DPP-4, the 
enzyme that inactivates incretin hormones, allow-
ing endogenous GLP-1 to facilitate insulinotropic 
glucose-dependent postprandial insulin release.

A study of spontaneously hypertensive obese strain 
(SHROB) rats with IR treated with the sulfonylu-
rea glyburide (1 mg/kg/day) or sitagliptin (30 mg/
kg/day) for 6 weeks was performed and compared 
with lean rats with hypertension. Sitagliptin 
enhanced insulin secretion, normalised excess 
glucagon secretion and lowered plasma glucose.66

Sitagliptin was also administered in a dietary-
induced obese mouse model using C57Bl/6J mice 
given a fat-rich diet and treated for 12 weeks. 
Sitagliptin treatment reduced body weight in those 
rats fed a high fat diet, reduced the inflammation in 
adipose tissues and pancreatic islet cells, and reduced 
fasting blood glucose as well as insulin.67 Moreover, 
in streptozotocin-induced diabetic mice, long term 
sitagliptin for 2–3 months showed a significant rise in 
the number of insulin-positive β-cells in the pancre-
atic islets leading to the normalisation of the mass of 
the β-cell and an increased β-to-α-cell ratio.68

An experimental study of 6-week-old Sprague 
Dawley (SD) rats injected with insulin and human 
chorionic gonadotropin (HCG) to establish a 
PCOS model was performed. Thereafter, the rats 
were treated with a combination of dimethylbi-
guanide (DMBG; 300 mg/kg QD) and sitagliptin 
(10 mg/kg QD) for 12 days. As a result, co- treatment 
with sitagliptin and DMBG significantly decreased 
the levels of LH and oestradiol and attenuated IR 
via upregulating the expression of H19.69 Another 
study of 30 rats (21 days old) randomly assigned 
into a PCOS group (given DHEA to induce 
PCOS) and a control group was performed. The 
PCOS group was given sitagliptin (63 mg/100 g) 
while the control group were given 2 ml of distilled 
water. At 28 days, the treatment group showed a 
significant reduction in the levels of blood glucose 
and androgen levels and delayed the progression of 
ovarian fibrosis. This was suggested to be related 
to the reduction of factors associated with the 
tumour growth factor-β1 (TGF-β1) and smad 2/3 
signalling pathways.70 The TGF-β1 signalling 
pathway has also been implicated in adipocyte 
pathology in women with PCOS. TGF-β signal-
ling is crucial for adipocyte differentiation and is 
implicated in the development of the visceral fat 
accumulation in PCOS.71,72

Clinical studies. A double-blind crossover study of 
18 obese women with PCOS receiving sitagliptin 
100 mg or placebo for 30 days was undertaken. At 
1 month, treatment with sitagliptin increased 
GLP-1 levels and reduced the peak glucose 
response to OGTT (–17.2 mg/dL), significantly 
reduced the visceral fat (from 1141.9 ± 700.7 to 
1055.1 ± 710.1 g) and increased growth hormone 
half-life (from 13.9 ± 3.6 to 17.0 ± 6.8 min).73 It 
also reduced the level of cholesterol (from 
168.8 mg/dL ± 26.3 to 162.5 ± 22.2 mg/dL) and 
improved IR74 (Table 2).

In a 12-week randomised open-label trial of 30 
obese women with PCOS intolerant to metformin, 
the women were randomly allocated to receive sit-
agliptin 100 mg/day or lifestyle intervention alone. 
Treatment with sitagliptin increased β-cell func-
tion and prevented the conversion from IGT to 
T2DM in metformin-intolerant obese subjects 
with PCOS75 (Table 2).

A 12-week randomised open-label trial of 24 
obese women with PCOS (BMI 36.3 ± 5.2 kg/m2) 
who had previously received liraglutide 3.0 mg for 
obesity management, were randomly allocated to 
a combination of either metformin 1 g BID and 
sitagliptin 100 mg/day or metformin 1 g BID 
alone. The results showed women treated with 
metformin regained 4.5 ± 2.5% (4.7 ± 2.7 kg, 
p = 0.002) of their weight compared to 0.8 ± 0.6% 
(0.9 ± 2.5 kg, p = 0.147) in the combination 
group. Furthermore, BMI was increased signifi-
cantly with the metformin treatment (1.7 ± 0.9 kg/
m2) compared to 0.3 ± 0.8 kg/m2 in the combina-
tion treatment. Therefore, treatment with sitag-
liptin as an add on to metformin inhibits weight 
regain in obese women with PCOS treated with 
liraglutide76 (Table 2). However, most studies to 
date in both diabetes and PCOS show that the 
DPP inhibitors are essentially weight neutral with 
little weight loss seen.79

Other DPP-4 inhibitors in PCOS
Alogliptin is a class of DPP-4 inhibitors 
approved for managing T2DM either as mono-
therapy or in combination with other anti- 
diabetes medications.80

In a 12-week randomised controlled study, 30 
obese women with PCOS aged 34.4 ± 6.5 years 
and BMI 39.0 ± 4.9 kg/m2 were assigned to receive 
either alogliptin 25 mg QD or a combination of 
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alogliptin 25 mg QD and pioglitazone 30 mg QD 
in addition to continuing metformin 1 g BID. 
Treatment with alogliptin–metformin alone or 
alogliptin–pioglitazone–metformin significantly 
reduced IR (HOMA-IR), and improved insulin 
sensitivity and the androgen index77 (Table 2).

In a 16-week randomised single-blinded study, 
38 prediabetic women with PCOS were ran-
domly assigned to a combination of saxagliptin 
5 mg/day and metformin 2000 mg/day or saxa-
gliptin 5 mg or metformin 2000 mg as monother-
apy. Treatment with saxagliptin + metformin was 

Table 2. Main clinical studies of dipeptidyl peptidase-4 inhibitors (DPP-4 i) in PCOS.

References Study population Study arms Duration Primary 
outcome

Weight 
loss (kg)

Metabolic changes

Devin 
et al.73

Women with 
PCOS

(1) Sitagliptin 
100 mg QD 
(n = 18).
(2) Placebo QD 
(n = 18).

1 month Increases GH 
levels
Improves 
glucose levels 
and vascular 
function

– Decreased peak glucose 
[−17.2 mg/dL (95% CI −27.7 to 
−6.6); p < 0.01].
Decreased VAT (1141.9 ± 700.7–
1055.1 ± 710.1 g; p = 0.02).
Increase GH-half-life 
(13.9 ± 3.6–17.0 ± 6.8 min, n = 16; 
p = 0.04).

Ferjan 
et al.75

Obese women 
with PCOS and 
metformin 
intolerant
BMI 
(36.9 ± 5.5 kg/m2).

(1) Sitagliptin 
100 mg QD 
(n = 30).
(2) Lifestyle 
intervention 
(placebo, n = 30).

12 weeks Glycaemic 
control (OGTT, 
HOMA-B)

– (1) Sitagliptin BMI (+37 ± 6.2–
37.8 ± 5.9kg/m²).
(2) Placebo BMI (+36.8 ± 4.9–
38 ± 5kg/m²)

Ferjan 
et al.76

Obese women 
with PCOS pre-
treated with LIRA 
3 mg
BMI 
(36.3 ± 5.2 kg/m2).

(1) COMBO 
(sitagliptin 
100 mg QD and 
MET 1000 mg 
BID, n = 15)
(2) MET 1000 mg 
BID (n = 12)

12 weeks Anthropometric 
measures

(1) 
+0.9 ± 2.5
(2) 
+4.7 ± 2.7

(1) BMI (+0.3 ± 0.8 kg/m²),  
regain body weight 
(0.8% ± 2.6%).
(2) BMI (+1.7 ± 0.9 kg/m²),  
regain body weight 
(4.5% ± 2.5%).

Jensterle 
et al.77

Obese women 
with PCOS and 
persistent IR pre-
treated with MET 
1000 mg BID

(1) ALO 25 mg 
QD (n = 15)
(2) ALO 25 mg 
QD and PIO 
30 mg QD (n = 15)

12 weeks β-cell function 
and IR

– (1) MET + ALO reduced HOMA-
IR (1.6 ± 2.3, p = 0.039) increased 
IS (31.4 ± 97.5 ml·min–1·m–2, 
p = 0.007).
(2) MET + ALO + PIO reduced 
HOMA-IR (2.9 ± 3.3, p = 0.001), 
IS (39.0 ± 58.1 ml·min–1·m–2 
(p = 0.039)

El-Halwagy 
et al.78

Women with 
PCOS diagnose 
by the Rotterdam 
criteria

(1) PIO 30 mg QD 
(n = 35)
(2) Vildagliptin 
50 mg QD (n = 35)
(3) MET 500 mg 
TDS (n = 35)

6 months Menstrual 
regularity, 
changes in 
BMI, F–G 
hirsutism score

– (1) BMI (27.5 ± 5.2–27.0 ± 4.5, 
p < 0.016), FG scores 
(12.0 ± 7.4–10.74 ± 6.12), DHEA 
(263.7 ± 117–221.0 ± 82.2).
(2) BMI (28.0 ± 5.1–27.3 ± 4.5, 
p < 0.001), F–G scores 
(11.8 ± 7.9–12.4 ± 7.1), DHEA 
(271.9 ± 126.5–353.1 ± 362.5).
(3) BMI (25.8 ± 5.7–25.3 ± 5.0, 
p < 0.010), F–G scores 
(12.3 ± 7.4–10.8 ± 5.5), DHEA 
(280.7 ± 132.2–243.3 ± 103.5).

ALO, alogliptin; BMI, body mass index; GH, growth hormone; HOMA-B, homeostatic model analysis for β-cell; HOMA-IR, homeostatic model 
analysis of insulin resistance; IR, insulin resistance; IS, insulin sensitivity; LIRA, liraglutide; MET, metformin; OGTT, oral glucose tolerance test; 
PCOS, polycystic ovary syndrome; PIO, pioglitazone; VAT, visceral adiposity.
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superior to monotherapy in terms of normalising 
glucose tolerance, the insulin sensitivity index, 
waist/height ratio and the free androgen index.81 
Furthermore, saxagliptin + metformin was also 
effective in reducing weight, improving the 
parameters of lipid profiles, and inhibiting the 
inflammatory response in women with PCOS 
newly diagnosed with T2DM.82

A double-blind, randomised clinical trial of 105 
women with PCOS randomly allocated the 
women into three groups to receive pioglitazone 
30 mg/QD (group 1), metformin 500 mg/three 
times per day (group 2, control group) or vilda-
gliptin 50 mg/once a day (group 3) for 6 months 
was performed. In group 1, patients receiving 
pioglitazone showed a significant reduction of 
BMI (p < 0.016), Ferriman–Gallwey score (F–G 
scores) (p < 0.003), DHEA (p < 0.001) and 
improvement of menstrual irregularities 
(p < 0.035). A similar result was found with met-
formin in which BMI was reduced significantly 
(p < 0.010), F–G score improved (p < 0.002), 
free androgen level reduced (p < 0.034) and 
menstrual irregularity improved (p < 0.004). 
However, the vildagliptin group demonstrated 
significant reductions in BMI (p < 0.001) and 
F–G score (p < 0.046), but with no effect on the 
free androgen levels, menstrual irregularity and 
the F–G score78 (Table 2).

Limitations
This current review has its limitations. Firstly, the 
number of clinical trials of treatment with GLP-1 
RAs and DPP-4 inhibitors in patients with PCOS 
are limited. Secondly, it is not clear whether the 
preconception intervention with GLP-1 RAs and 
DPP-4 inhibitors could potentially improve fertil-
ity in an obese population with PCOS.

Conclusion
In recent years, there has been intense research 
aimed at understanding the pathophysiology of 
PCOS and its metabolic consequences. The 
health burden resulting from PCOS has driven 
the need for novel therapeutic strategies to pre-
vent health-related complications. The beneficial 
efficacy of incretin-based therapies in the man-
agement of T2DM, together with their glucose-
dependent mechanism of action, indicates their 
potential benefits in the management of PCOS 

and its related metabolic consequences. GLP-1 
RAs have shown significant efficacy in weight 
reduction in overweight and obese patients with 
PCOS as well as improving the parameter of IR, 
together with potential improvement in β-cell 
mass and function in preclinical studies.

On the other hand, DPP-4 inhibitors have also 
shown beneficial effects on both β-cell function 
and mass and free androgen levels. However, the 
clinical data are not conclusive although some 
experimental data are encouraging for sitagliptin.

Despite the available evidence for GLP-1 RAs 
and DPP-4 inhibitors, more clinical trials are 
required before they can be recommended rou-
tinely in this young female population to promote 
sustainable weight reduction and to improve the 
parameters of IR in PCOS. More studies with 
liraglutide 3 mg are needed to determine the pre-
cise indications of liraglutide and to evaluate 
safety issues.
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