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Abstract

Purpose Glucagon-like peptides receptor agonists are
currently approved as anti-obesity agents, yet the experi-
ence with their use in polycystic ovarian syndromes
(PCOS)-related obesity and insulin resistance is still
limited.

Methods We examined the effects of liraglutide on obe-
sity, insulin resistance, and androgen levels in PCOS
through a meta-analysis.

Results Seven RCTs where women with PCOS were
treated with liraglutide were identified. The variables that
were examined before and after a 90-day treatment inclu-
ded waist circumference, body mass index (BMI), fasting
insulin concentrations, insulin resistance using homeostatic
model (HOMA-IR), serum testosterone, and sex hormone-
binding globulin (SHBG). The analysis included 178
women. Only 172 patients had post-treatment measure-
ments. While BMI significantly dropped by —1.65
(0.72-2.58) Kg/m” after 3 months treatment with liraglu-
tide, waist circumference did not change significantly.
Similarly, fasting insulin levels, insulin sensitivity, and
SHBG did not change significantly. However, serum
testosterone decreased by 0.29 nmol/L in 88 women
(P = 0.0003).

Conclusion In a limited number of the women with
PCOS, BMI and serum testosterone are only variables that
significantly decrease after 3 months of treatment with
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GLP-1 receptor agonists. Larger sample size studies with
longer durations of treatment may be required to examine
potential benefits of these medications in improving insulin
sensitivity.
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Introduction

Polycystic ovary syndrome (PCOS) is a common disorder
with prevalence as high as 15-20 % of women of repro-
ductive age [1]. The clinical picture commonly includes
obesity, hirsutism, oligomenorrhea, and subfertility [2—4].
Obesity is reported in 30-75 % of PCOS women and
approximately 50-80 % of them demonstrate varying
degree of insulin resistance (IR) [5]. The development of
hyperinsulinemia and IR has been thoroughly examined in
PCOS. It is generally accepted that in patients with PCOS,
the impaired sensitivity to insulin is either related to obe-
sity (mediated through serum concentrations of adipo-
nectin) or it is merely due to androgenic hypersecretion [6,
7]. Patients with PCOS and IR have significantly higher
diastolic blood pressure compared to PCOS alone [8].
Based on this current understanding of PCOS, it is
important that the patient and medical provider approach
management not only toward improving the often trou-
blesome hirsutism and infertility but also toward the long-
term risks associated with IR.

Glucagon-like peptide-1 receptors (GLP-1 R) is a gut
hormone secreted in response to ingestion of carbohy-
drates, lipids, and mixed meals from the L-cells located in
the distal jejunum, ileum, and colon/rectum [9, 10]. There
are currently two GLP-1R agonists available (exenatide
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and liraglutide), with several more currently being devel-
oped. Liraglutide is a GLP-1R analog that reduces blood
glucose levels, increases insulin secretion, inhibits gluca-
gon secretion, increases pancreatic f§ cell growth, sup-
presses appetite and energy intake [11], delays gastric
emptying, and improves insulin sensitivity through mech-
anisms that are not completely understood [12]. GLP-1R
agonists have been used for the treatment of patients with
type-2 diabetes mellitus for past 5 years. Liraglutide
reduces plasma glucose levels in both fasting and post
prandial state, as injected once daily has been shown to
improve glycemic control in individuals with type-2 dia-
betes (up to a 1.5 % decrease in glycated hemoglobin).
Additional advantages of GLP-1R agonists include their
effect on components of metabolic syndrome other than
insulin resistance, such as body weight, blood pressure, and
lipid profile [13]. The minimal risk of hypoglycemia makes
liraglutide an attractive option for management of insulin
resistance in patients with metabolic syndrome.

GLP-1R agonist has recently been introduced as a
therapeutic alternative for management of patients with
PCOS. There are well-designed meta-analyses based on
abundance of evidence that have examined the effects of
GLP-1R agonists on body weight, cardiovascular risk and
glycemic control in type-2 diabetes mellitus [14—17].
Although there are few clinical trials and observational
studies which examined the effects of GLP-1R agonists on
IR observed in PCOS, a systematic review of such a
treatment is long overdue. The main objective of the pre-
sent meta-analysis is to assess the effects of GLP-1R
agonists on patients with PCOS, separating placebo-con-
trolled trials from comparisons with other active drugs.
Insulin resistance was the primary outcome variable in the
current meta-analysis and our primary hypothesis was that
GLP-1R agonist, liraglutide, while improving insulin sen-
sitivity; it reduced body weight in women with PCOS.

Methods
Information sources

The electronic databases MEDLINE (from 1966 to March
2013) and EMBASE (from 1980 to March 2013), as well
as the Cochrane Library were searched for the MESH
terms “Glucagon like peptide-1 receptor agonist,” “Li-
raglutide,” “Insulin Resistance,” and “Metabolic Syn-
drome.” Only case—control and randomized clinical trials
on humans up to May 2015 were collected. We further
narrowed the search by using the filters “polycystic
ovarian syndrome.” Furthermore, we reviewed reference
lists of original and reviewed articles to search for more
studies.

@ Springer

Study selection

Only those studies that were published as full-length arti-
cles were considered. No language restriction was applied.
When confronted with different time treatment for evalu-
ation of GLP-1R agonists, 3 months of treatment was
considered for final analysis rather than 6 months duration
of treatment. Narrowing the search for “polycystic ovarian
syndrome” and or “metabolic syndrome” results in arti-
cles. After careful examination of titles and abstracts, a
total of 310 citations were identified from databases.
Additional 16 articles were identified through search from
other databases and from the references of articles. 297
records were excluded for their irrelevant design and
patient population. The full-text contents were examined
from 28 publications. Three investigative teams published
a total of ten manuscripts, with a direct relevance to the
subject of this meta-analysis. One study mainly examined
the genetic variability of GLP-1R in women with PCOS
and did not examine the endocrine and/or components of
metabolic syndrome in this population. From nine studies,
three studies contained duplicate material and therefore
were excluded. Finally, six case-controlled studies were
identified for analysis.

Data items

From the components of metabolic syndrome, waist cir-
cumference, body mass index (BMI), systolic blood pres-
sure, total serum testosterone, sex hormone-binding
globulin (SHBG) levels in the plasma, fasting insulin
concentration, and homeostatic model assessment for
insulin resistance (HOMA-IR) scores were used as con-
tinuous outcome variables. The effect size was examined
for these variables comparing the post-treatment values to
their pre-treatment levels. The presence or absence of
insulin resistance was uniformly identified by all studies as
HOMA scores >2.60. This variable was the only dichoto-
mous variable for which the results were presented as the
overall odds ratio.

Eligibility criteria

For inclusion, studies had to fulfill the following criteria:
(a) original article with a sample size of five or more
participants; (b) adult population; (c) reporting the values
of the outcome variables both at baseline pretreatment and
after 3 months of treatment with a GLP-1 agonist;
(d) evaluation of metabolic syndrome by Rotterdam criteria
and (e) evaluation of insulin resistance by HOMA-IR
scoring system. We excluded studies where the evaluation
was completed on patients with diagnosis other than
polycystic ovarian syndrome. We also excluded the results
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of the studies with combined treatment strategy (met-
formin + liraglutide). We also excluded studies in patients
having pre-existing overt diabetes mellitus. If multiple
published reports from the same study were available, we
included only the one with the most detailed information
for both exposure and outcome.

Data extraction

Articles were identified in a staged process whereby titles
were initially screened for potential eligibility. Abstracts
and full texts of potentially eligible articles were assessed
by two reviewers (MN and NDN) independently and any
disagreements were resolved by consensus. Data included
the first author’s surname, year of publication, country of
origin of the population studied, study design, number of
participants, and duration used for both exenatide and
liraglutide treatment. Whenever needed, we obtained
additional information about a specific study by directly
contacting the primary author.

Synthesis of results

The Cochrane collaborative review for systemic analysis
(RevMan software 5.3) was used to calculate the risk ratio
for the incidence of insulin resistance for each study. The
effect size was calculated with the overall significance of
Z values for all continuous variables. I* was used to assess
statistical heterogeneity with a value below 30 % standing
for low heterogeneity, a value between 30 and 60 %
standing for moderate heterogeneity and a value above
60 % standing for high heterogeneity. Fixed effect model
was used in all analyses. Risk bias was assessed according
to Cochrane review. A P value of 0.05 or less was
significant.

Results
Study selection

Seven studies were examined in this meta-analysis. The
results from one study duplicated the older study by the
same group of investigators [18], and therefore the older
study was excluded from analysis. The quantitative outcome
variables that were tested before and after 3 months treat-
ment with glucagon-like peptide analogs (liraglutide in six
studies and exenatide in one study) included weight, body
mass index (BMI), waist circumference, systolic blood
pressure, fasting insulin level, and HOMA score. Further-
more, insulin resistance was measured as a dichotomous
variable if HOMA scores were greater than 2.60.

Synthesis of results

In one study [19], exenatide was used 10 pg twice a day. In
the remaining five studies, liraglutide was used. The
starting dose was 0.6 mg/day for 1 week and then increased
to 1.2 mg/day for the rest of the study period. In one study
[18], researchers increased the dose to 1.8 mg/dL after the
second week. All studies included patients older than
18 years. Four of them limited the study to premenopausal
women with two others having maximum of 40 and
45 years old as their inclusion criteria. The mean age of
women included in this study is 32.8 £ 7.0 years. From
anthropometric data, BMI and waist circumference were
measured within these studies. BMI was tested in 6 studies
[18-23] in which a total of 178 women who were diag-
nosed with PCOS were treated with liraglutide for a period
of 3 months. Six patients dropped of the study and post-
treatment measurements were missing. BMI decreased by
1.65 (0.72-2.58) Kg/m” in 172 patients after 3 months
(Fig. 1a). The overall effect of liraglutide on BMI was
statistically significant (P = 0.0005) and the comparison
had negligible level of heterogeneity (I* = 0.0 %). Waist
circumference was examined only in four studies (Fig. 1b)
[18, 22, 23]. Eighty women with PCOS were examined for
this variable at the baseline but only 74 women were
available for measurement after completion of the treat-
ment. Waist circumference decreased to 117 cm from its
pre-treatment value of 120 cm (95 % confidence interval
was —7.10 to 0.97 cm, P = 0.142). This comparison also
carried a negligible level of heterogeneity (I* = 0.0 %).

Systolic blood pressures were also recorded only in
three studies [18, 22, 23]. In 44 patients, the systolic blood
pressure modestly decreased 2.5 mmHg (95 % confidence
interval range was —8.30 to 3.25 mmHg; P = 0.389) fol-
lowing 3 months treatment with liraglutide. This insignif-
icant change in systolic blood pressure had no
heterogeneity (I* = 0.0 %).

Fasting serum insulin levels were reported in five studies
(Fig. 2a) [19, 22-25]. Among 94 women with PCOS,
fasting serum insulin levels were similar before and after
3-month treatment with GLP-1 analogs (95 % confidence
interval range was —3.81 to 1.10 mU/L; P = 0.283).
HOMA scores were calculated for all 94 women prior to
the treatment and in 88 women who completed the treat-
ment plan. There was a trend in decreasing HOMA scores
following GLP-1 treatment (Fig. 2b). HOMA scores were
5.73 £ 2.56 prior to the treatment, which reduced by 0.84
following 3-month treatment (95 % confidence interval of
—1.79 to 0.12, P = 0.091). The comparison of HOMA
scores carried a significant level of heterogeneity
(I2 = 63 %; P = 0.03), while the comparison for fasting
insulin levels was completely homogenous.
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Fig. 1 Forest plot for the studies that have examined body mass index (BMI) as their outcome variable is shown in the upper panel (a) and the
plot for the studies that have examined waist circumference is shown in the lower panel (b)
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Fig. 2 Forest plot for the studies that have examined fasting serum
concentrations of insulin as their outcome variable is shown in the
upper panel (a) and the plot for the studies that have examined

Insulin resistance as it was determined by HOMA scores
greater than 2.60 was reported in 43 out 80 women with
PCOS (53.8 %) reported by four studies [22-25]. Follow-
ing 3-month treatment with GLP-1 analogs, still 33 of 74
women (44.6 %) remained insulin resistant (P = 0.26).
The overall odd ratio for insulin resistance calculated by
HOMA scores >2.60 was 0.69 (95 % confidence interval
ranging from 0.37-1.31). Heterogeneity for this compar-
ison was also zero.

Total testosterone was reported in five of these studies
(Fig. 3a) [19, 22-25]. One study reported the testosterone
values in ng/dl, which were converted to nmol/L. by mul-
tiplying to 0.0347 [25]. Following liraglutide treatments,
total testosterone decreased from 1.89 nmol/L in 97
patients to 1.60 nmol/L in 88 patients (95 % confidence
interval ranging from —0.44 to —0.13; P = 0.0003).
However, there was no significant difference in
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homeostatic model of insulin resistance (HOMA-IR) scores is shown
in the lower panel (b)

concentrations of sex hormone-binding globulin (SHBG)
after treatment with GLP-1 analogs (Fig. 1b). SHBG was
26.7 £ 18.2 nmol/L in 97 women with PCOS, which
increased to 28.3 £ 15.8 nmol/L after treatment with GLP-
1 analogs (95 % confidence interval ranging from —1.13 to
4.41; P = 0.253). Heterogeneity was negligible for both
total testosterone and SHBG concentrations (I = 0.0 %).
LH and FSH levels were measured in two studies [21, 22].
Following liraglutide treatment, LH increased insignifi-
cantly by 1.89 L.U./L in 50 patients (95 % confidence
interval ranging from —1.53 to 5.31 L.U/L; P = 0.17).
Following GLP-1 agonist treatment, FSH changed by
0.48 TU/L in 50 patients (95 % confidence interval ranging
from —0.32 to 1.28; P = 0.81). DHEA-S levels were
reported by three studies in 64 women [19, 21, 22]. One
study reported the DHEAS levels in pmol/L, which were
converted to pg/dL. Following GLP-1 agonist treatment,
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Fig. 3 Forest plot for the studies that have examined serum concentrations of testosterone as their outcome variable is shown in the upper panel
(a) and the plot for the studies that have examined sex hormone-binding globulin (SHBG) is shown in the lower panel (b)

DHEAS had a minor increase by 0.26 pg/dL in 64 patients
(95 % confidence interval ranging from —1.36 to 1.36 pg/
dL; P = 0.82).

One study reports no significant changes in Ferriman-
Gallwey scores for hirsutism and menstrual cycles per year
post-treatment with liraglutide [19].

Discussion
Summary of evidence

The role of obesity, IR, and hyperinsulinemia in the
development of PCOS has been thoroughly explored, and it
is generally accepted to play an important role in the
molecular mechanisms implicated in the androgenic
hypersecretion typical of this pathology [7]. The few
available trials designed with weight loss as the principal
endpoint and enrolling non-diabetic patients with obesity
have shown that GLP-1 receptor agonists have a potential
use as drugs for the treatment of obesity [26, 27]. As much
as 5-10 % weight loss improves clinical (reproductive and
metabolic) outcomes in PCOS women [28, 29]. Metabolic
syndrome is commonly seen in women with PCOS. This
syndrome includes abdominal obesity, systolic hyperten-
sion, hyperlipidemia in the form increased serum triglyc-
eride concentrations, and insulin resistance.

In a systematic review and meta-analysis of effects of
GLP-1 agonists, mean weight loss of 3.2 and 2.8 kg was
reported in obese patients without and with diabetes,
respectively [16]. One trial in non-diabetic obese patients
reported a BMI reduction of 0.600 kg/m? compared to
placebo at 6 months follow-up [27]. In a meta-analysis of

effects of GLP-1 receptor agonists on weight reduction in
obese diabetic patients, a 1 kg/m” reduction in BMI was
reported [14]. These numbers are comparable to 1.65 kg/
m” reduction in BMI that we observed in this review.

Limitations

The present meta-analysis included data from case-con-
trolled trials assessing clinically relevant doses of GLP-1R
agonists given for at least 12 weeks. All of the analyzed
studies were on women with PCOS. The outcome variables
assessed in this meta-analysis included anthropometric data
such as body mass index and waist circumference, fasting
serum insulin levels, and insulin resistance as assessed by
homeostatic model assessment of insulin resistance as the
components of metabolic syndrome, as well as androgenic
status of the patients like serum total testosterone levels
and sex hormone-binding globulin (SHBG) concentrations.
The six selected studies obtained the baseline measurement
from a total of 178 women; however, they reported post-
treatment variables from 172 women. Six PCOS patients
were lost to follow up in one of the studies [25, 30].
Although all the factors were not examined in these studies
uniformly, there was acceptable homogeneity in comparing
aforementioned variables in PCOS patients before and after
12-week treatment with GLP-1R agonists. Majority of the
studies compared GLP-1R analogs to metformin in
changing anthropometric, endocrine, and insulin resistance.
Additional studies compared the effect of treatment in
obese women with PCOS to obese women without this
syndrome.

Women with PCOS demonstrate varying degree of
resistance to insulin, and frequently present with elevated
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levels of serum insulin [5, 31, 32]. Insulin resistance in
PCOS is due to multiple interacting mechanisms. Obesity
and high levels of androgens both may contribute to the
observed resistance to insulin [33, 34]. Decreased density
of insulin receptors relative to the enlarged adipose tissue
mass has been shown to contribute to insulin resistance in
obese patients [35]. Due to the lack of negative feedback,
overstimulation of beta islet cells results in insulin over-
production. The effects of testosterone on insulin sensi-
tivity are even less clear and controversial. While there is
evidence that men with lower testosterone levels are more
prone to develop insulin resistance [36], testosterone by
itself has been described to decrease insulin sensitivity by
inducing decreased capillary density in peripheral muscle
tissue [34]. Conversely, elevated levels of serum insulin
shift the progesterone cycle within the ovaries to produce
excessive amounts of testosterone in non-diabetic adults
[37, 38]. Similar effects have been described in men
involving Leydig cells within the testes [36, 39].

Conclusions

We found that HOMA-IR had a trend in decreasing fol-
lowing 3 months of GLP-1 treatment but this difference
was not significant. The results of our analyses indicate that
the treatment with GLP-1R agonists help reduce body
weight in PCOS patients who are overweight or obese.
Reduction in BMI was not associated with any decrease in
waist circumference, indicating that GLP-1R agonist rather
affected the overall obesity than the abdominal obesity.
This finding is consistent with similar studies reported in
patients with no metabolic syndrome or polycystic ovaries.
There are few studies reporting treatment success with
GLP-1R agonists and a reduction in the homeostasis model
of insulin resistance [12, 40]. GLP-1R analogs improved
insulin sensitivity and showed insignificant decrease in
fasting insulin level in women with PCOS. This finding
was interesting since GLP-1R agonists are shown to
increase endogenous insulin secretions both in diabetics
and non-diabetics. The observed dichotomy may be related
to the improved insulin sensitivity, which in turn lowers the
fasting levels of insulin in this patient population.
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