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A B S T R A C T

Background: Weight loss of >5% in patients with polycystic ovary syndrome and obesity (PCOS–O) is believed to improve underlying drivers of the syndrome. Weight
loss facilitated by GLP-1 agonists in patients with PCOS–O is not well characterized. In this single-center retrospective study, we determined weight loss in patients
with PCOS–O with GLP-1 monotherapy versus metformin.
Methods: In this brief report, electronic records of 183 adult patients with PCOS–O were reviewed between January 2020 and April 2021. We identified 12 and 19
patients that were treated with metformin and GLP-1 monotherapy respectively. One patient in each cohort had diabetes mellitus. Weights were reviewed at baseline
(prior to therapy initiation) and at six-month follow-up. We analyzed change in weight from baseline and proportion with >5% and 10% weight loss using Fisher exact
t-test and chi-square test. Univariate linear regression was used to identify correlations between treatment and weight loss.
Results: Baseline characteristics were similar between metformin (n ¼ 12) and GLP-1 (n ¼ 19) cohorts with the exception of mean days on medication. Following six
months of treatment, mean weight loss was 4.9 kg (4.8%) and 9.1 kg (9.8%) in the metformin and GLP-1 cohorts (p ¼ 0.13) respectively. Similar trends were seen in
BMI with reductions of 1.8 kg/m2 (4.7%) and 3.5 kg/m2 (9.7%). A significantly greater proportion of patients achieved 5% and 10% weight loss with GLP-1 treatment
(84.2% and 57.8%, p ¼ 0.01 and p ¼ 0.02) compared to metformin. Univariate linear regression analysis demonstrated a trend towards greater weight loss in patients
treated with GLP-1 monotherapy (Coeff: 4.15, 95% CI: 1.3-9.7, p ¼ 0.13) versus metformin.
Conclusion: Our study shows improvements in weight with GLP-1 monotherapy versus metformin as demonstrated by overall weight loss and proportion of patients
achieving >5% weight loss. Further prospective randomized controlled studies are needed to establish GLP-1 weight loss efficacy in patients with PCOS–O and
clinically related outcomes.
1. Introduction

Polycystic Ovary Syndrome (PCOS) is characterized by hyper-
androgenism, ovulatory dysfunction and polycystic features. The syn-
drome affects nearly 6–15% of women of reproductive age depending on
the diagnostic criteria used [1–5]. PCOS is thought to be associated with
excess luteinizing hormone (LH) and a relative insufficiency of follicle
stimulating hormone (FSH) that drive excess androgen production and
ovulatory dysfunction [5]. Obesity is seen in nearly 50–80% of patients
with PCOS and related insulin resistance may decrease sex-hormone
binding globulin production that leads to worsening hyperandrogenism
[5,6]. Obesity in this patient population is also known to be an indepen-
dent risk factor for infertility. Weight loss of 5–10% is thought to reduce
androgen levels, and improvemetabolic markers and fertility [4,7,8].With
the additional benefits of weight loss, metformin has long been a part of
the PCOS treatment paradigm. It is typically recommended in patients
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with PCOSwith impaired glucose tolerance or diabetes mellitus type 2 that
is not responsive to lifestyle modification, and is known to induce modest
weight loss ranging up to nearly 4 kg in this population [9–12].

More recently, glucagon-like peptide-1 (GLP-1) agonists such as lir-
aglutide and semaglutide have been approved for chronic weight man-
agement. GLP-1 is an incretin that delays gastric emptying, improves
glucose-stimulated insulin secretion, and reduces appetite. Both liraglu-
tide and semaglutide have demonstrated meaningful weight loss in pa-
tients with obesity and without diabetes, ranging up to 8% and 15% of
baseline body weight [13,14]. The effects of GLP-1 agonists to facilitate
weight loss in patients with PCOS and obesity (PCOS–O) is relatively
unknown however. To our knowledge, there is only one study that has
investigated the effects of GLP-1 monotherapy, specifically liraglutide,
versus metformin [15]. In this single-center retrospective study, we
examined weight loss effects of GLP-1 monotherapy versus metformin in
patients with PCOS–O over a six-month interval.
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Table 1
Baseline characteristics of GLP-1 and metformin treated patients.

Metformin
(N ¼ 12)

GLP-1
(N ¼ 19)

p-
value

Mean Age (SD) 34.5 (8.5) 40.5 (11.3) 0.12
Mean days on medication
(SD)

855.3 (413.7) 499.9 (207.9) 0.003

Ethnicity (%)
Caucasian 7 (58.3) 10 (52.6) 0.94
African American 2 (16.6) 3 (15.8)
Hispanic 2 (16.6) 3 (15.8)
Asian 1 (8.3) 2 (10.5)
Other 0 1 (5.3)

Metabolic markers
Baseline Total Cholesterol 170.1 (20.2) 176.8 (35.1) 0.68
Baseline Triglyceride 190.5 (177.6) 178.9 (82.6) 0.86
Baseline HDL 58.3 (11.7) 50.1 (13.4) 0.24
Baseline LDL 136.8 (120.1) 96.0 (18.6) 0.33
Baseline A1C 5.7 (0.94) 5.4 (0.49) 0.43

Comorbidities (%)
Hyperlipidemia 5 (41.6) 7 (36.8) 0.79
Hypertension 2 (16.6) 4 (21.1) 0.76
Diabetes Mellitus Type 2 1 (8.3) 1 (5.3) 0.73
Osteoarthritis 1 (8.3) 0 0.20
Obstructive Sleep Apnea 1 (8.3) 2 (10.5) 0.84
GERD 7 (58.3) 10 (52.6) 0.76
Hypothyroidism 1 (8.3) 3 (15.8) 0.55
Asthma/COPD 3 (25.0) 3 (15.8) 0.53
NAFLD 2 (16.6) 0 0.06
CAD 0 0 0.00
Gastric Surgery

Sleeve 0 1 (5.3) 0.32
Bypass 2 (16.6) 2
Band 0 0
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2. Methods

2.1. Trial design

Following approval from the New York University (NYU) Institutional
Review Board, we conducted a single center retrospective cohort study.
In this analysis among patients with PCOS–O, we sought to determine
associations and absolute differences in weight loss in patients treated
with metformin versus GLP-1 monotherapy over a six-month period.

2.2. Patients

We queried the electronic health record of the NYU Weight Man-
agement Clinic and identified 183 adult patients (18 years of age or
older) with reported diagnosis of PCOS and obesity with last clinic visit
between January 2020 and April 2021. We did not verify diagnosis via
any criteria other than the diagnosis found in the electronic health re-
cord. Patient charts were further reviewed to identify those treated with
metformin or GLP-1 monotherapy (liraglutide or semaglutide) for weight
loss. Recorded weights at the start of therapy and six-month follow-up
were required for inclusion. One patient in each cohort had diabetes
mellitus. Patients treated with metformin included 500 mg and 1000 mg
daily dosing. Patients treated with liraglutide included doses of 1.8 mg
and 3.0 mg with up-titration over 3 and 5 weeks respectively. Sem-
aglutide dosing included were up to 1 mg with titration over an 8-week
period. Patients treated with metformin for less than 180 days, sem-
aglutide less than 30 days, or liraglutide less than 21 days were excluded
from analysis. Dietary and behavioral counseling was provided at the
discretion of the treating provider.

2.3. Primary and secondary outcomes

Our primary outcome of interest was change in patient weight from
baseline at six-month follow-up. Secondary outcomes included propor-
tion of patients achieving >5% and >10% weight loss from baseline.

2.4. Diagnostic laboratory and imaging assessment

Patient charts were reviewed to determine baseline metabolic
markers prior to initiating therapy. Metabolic markers assessed included
total triglycerides, total cholesterol, high-density lipoprotein, low-
density lipoprotein, and hemoglobin A1c.

2.5. Statistics

Statistical analysis was performed using STATA software (StataCorp,
College Station, TX). Baseline characteristics were compared between
metformin monotherapy and GLP-1 monotherapy cohorts using contin-
gency table chi-2 analysis for categorical variables and Fisher exact t-test
for continuous variables. Univariate linear regression was performed to
determine associations between treatment cohort and weight loss at six
months. A p-value <0.05 was considered statistically significant.

3. Results

183 adult patients with PCOS–O were identified in the NYU Weight
Management Clinic between January 2020 and April 2021.17 and 36
patients with PCOS–O were treated with metformin and GLP-1 mono-
therapy respectively during this time period. Five metformin and 17 GLP-
1 monotherapy patients were excluded from analysis due to lack of six-
month follow up data. 12 (6.5%) and 19 (10.3%) metformin and GLP-1
monotherapy treated patients were included for analysis. Of the GLP-1
patients included, 3 (15.7%) and 16 (84.2) were on semaglutide and
liraglutide respectively.

Baseline characteristics are described in Table 1 and were similar
between metformin and GLP-1 cohorts with the exception of mean days
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on medication. Mean days on medication was 855.3 and 499.9 in the
metformin and GLP-1 monotherapy groups. Baseline weight among
metformin and GLP-1 patients was similar at 101.8 kg and 93.4 kg
(p ¼ 0.26) respectively. Following six months of treatment, mean weight
loss was 4.9 kg (4.8%) and 9.1 kg (9.8%) in the metformin and GLP-1
cohorts (p ¼ 0.13, Table 2). Similar trends were seen in BMI with re-
ductions of 1.8 kg/m2 (4.7%) and 3.5 kg/m2 (9.7%). 25% and 16.6% of
patients treated with metformin achieved >5% and 10% weight loss
respectively at six-month follow-up. A significantly greater proportion of
patients achieved 5% and 10% weight loss with GLP-1 treatment, with
84.2% and 57.8% meeting these thresholds respectively at six months
(p ¼ 0.01 and p ¼ 0.02). Univariate linear regression analysis demon-
strated a trend towards greater weight loss in patients treated with GLP-1
monotherapy (Coeff: 4.15, 95% CI: 1.3-9.7, p ¼ 0.13) versus metformin.

4. Discussion

In this study of adult patients with PCOS–O, treatment with GLP-1
monotherapy resulted in a trend towards greater weight loss of 9.1 kg
versus 4.9 kg in those treated with metformin. To our knowledge, only
one previous study by Jensterle et al. has sought to evaluate the effect of
GLP-1, specifically liraglutide, versus metformin monotherapy on weight
loss [15]. In this 12-week randomized study of 32 patients with PCOS–O,
weight loss of 3 kg and 2.3 kg in those treated with liraglutide and
metformin was seen. There was no statistically significant difference seen
between treatment groups. The study, however, utilized liraglutide
1.2 mg and likely did not see the full effect of GLP-1 given weight loss
dosing of 3 mg. A separate observational analysis by Rasmussen et al.
demonstrated weight loss of 9 kg (9.1%) in patients with PCOS treated
with combination therapy of liraglutide and metformin, with titration up
to 1.8 mg of liraglutide [5]. Mean duration of treatment was 27.8 weeks
and overall improvement in weight loss was similar to that seen with
monotherapy in our cohort. We suspect differences likely lay within
differences in max dose liraglutide utilized and variation in lifestyle
modifications implemented.



Table 2
Weight loss achieved by cohort.

Metformin
(N ¼ 12)

GLP-1
(N ¼ 19)

p-
value

Starting Body Weight kg (SD) 101.8 (30.1) 93.4 (10.8) 0.26
Starting BMI (SD) 38.1 (10.2) 35.0 (2.8) 0.22
6 month Change in Weight kg
(SD)

�4.9 (8.6) �9.1 (6.4) 0.13

6 month Change in BMI (SD) �1.8 (3.2) �3.5 (2.4) 0.11
>5% weight loss (%) 3 (25.0) 16 (84.2) 0.01
>10% weight loss (%) 2 (16.6) 11 (57.8) 0.02
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A significantly greater proportion of patients treated with GLP-1 mon-
otherapy achieved a higher degree of weight loss in our study. 84.2% and
57.8% achieved greater than 5% and 10% weight loss with GLP-1 mono-
therapy, respectively, versus metformin (25% and 16.6%). The 5% weight
loss threshold has been shown to improve overall health and metabolic
parameters in patients with obesity, but also provides benefit in patients
with PCOS by improving androgen levels and menstrual irregularities [8].
Our data suggests that GLP-1 agonists are likely better agents to facilitate
meeting this weight loss threshold in patients with PCOS–O and can
translate into long-term benefit. As a result, we propose that GLP-1 agonists
could be used in a complementary fashion to first line metformin.

The primary limitation of our study is that it was a retrospective
single-center analysis with a small sample size, and is thus underpow-
ered. Our sample size was limited given many patients with PCOS had
been on multiple weight loss medications within a six-month period that
would have confounded results. Secondly, given our small sample size,
the GLP-1 cohort was coupled to include both semaglutide and liraglutide
usage and weight loss seen may not be accurately reflective of the effi-
cacy of each medication. However, we note only three patients in the
GLP-1 cohort were on semaglutide. Finally, due to the retrospective na-
ture of our study, lifestyle modifications and dietary changes may not
have been standardized across patients and could be considered a con-
founding variable in our analysis.

5. Conclusion

Our study shows meaningful improvements in weight with GLP-1
monotherapy versus metformin monotherapy as demonstrated by over-
all weight loss and proportion of patients achieving>5%weight loss. We
think use of GLP-1 in patients with PCOS–O should be considered to
facilitate greater weight loss and lead to improvements in underlying
drivers of the syndrome. Further prospective randomized control studies,
however, are needed to establish GLP-1 weight loss efficacy in this pa-
tient population and correlation with PCOS related clinical outcomes.
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