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ABSTRACT

PCOS is one of the most prevalent endocrine disorders among women of reproductive age, often
involving obesity, insulin resistance, and mental health challenges that reduce health-related
quality of life (HRQOL). Although metformin has been shown to improve HRQOL in PCOS patients,
it is unclear whether this effect is due to the drug itself or its metabolic benefits. This study
included 66 PCOS patients from the University Medical Center Mainz, in two groups: 31 received
metformin (M-group) and 35 received alternative or no treatment (C-group). HRQOL and distress
were assessed at baseline and after 6 months using the Modified PCOS-Questionnaire (MPCOSQ)
and the Hospital Anxiety and Depression Scale (HADS). At baseline, the M-group had significantly
worse metabolic markers, including HOMA-IR, waist circumference, Visceral Adiposity Index, and
Fatty Liver Index. By follow-up, this group showed greater improvements in these markers.
However, both groups improved similarly in HRQOL and distress. Regression analysis revealed that
improvements in HOMA-IR and BMI were associated with better HRQOL scores. Group assignment
was not a significant predictor. These findings may indicate that improvements in HRQOL and
reduced distress are linked to metabolic changes associated with metformin use, underscoring
the potential relevance of addressing metabolic health in treatment approaches.
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Introduction assessment of factors influencing health-related quality
of life (HRQOL) and mental health. Although the exist-
ing studies are difficult to compare due to the hetero-
geneity of the study populations, research on this
subject shows a reduced HRQOL in PCOS patients
compared to the general population. This seems to be

consistent regardless of the specific tools used to eval-

Polycystic Ovary Syndrome (PCOS) is a complex endocrine-
metabolic disorder, affecting approximately 8-18% of
women worldwide between the ages of 15 and 44years
[1]. PCOS is a complex condition influenced by multiple
factors and can present with a variety of symptom clus-

ters, including obesity, insulin resistance, cardiovascular
issues, depression, anxiety, and other disorders [2,3].
Although the pathomechanisms of PCOS are still under
investigation and not fully understood, research has
shown that metabolic alterations significantly contribute
to its development [4]. Insulin resistance and obesity are
frequently observed in individuals with PCOS and play a
crucial role in both the severity of symptoms and the
prognosis of the disorder [5].

The spectrum of symptoms in PCOS patients and
their varying severity complicate the standardized

uate HRQOL [6]. The same applies to mental health.
An Australian longitudinal study found that depression
affected up to 27.3% of PCOS patients, compared to
18.8% in the control group, while anxiety and anxiety
disorders were present in 50% of cases versus 29.2% in
controls [7].

The current 2023 International PCOS Guideline pro-
vides a detailed description of the role of pharmacolog-
ical treatment for the metabolic component of PCOS
[8]. If lifestyle changes are unsuccessful, the guideline
recommends initiating pharmacological therapy with
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the biguanide metformin. Research has indicated that
metformin may promote weight loss by affecting
appetite-regulatory pathways in the brain, resulting in
reduced food intake. This is particularly significant for
women with PCOS, as weight gain and obesity are
major concerns [9]. In PCOS patients with metabolic
disturbances or obesity, metformin therapy may be
started even without prior use of oral contraceptives.
Notably, women with a Body Mass Index (BMI) >25kg/
m? appear to benefit particularly from metformin treat-
ment. However, treatment should be individualized and
regularly monitored, as the efficacy of metformin can
vary among patients [8]. According to a meta-analysis
by Samarasinghe et al. metformin leads to a significant
reduction in BMI, fasting glucose, and insulin levels,
while having no impact on other metabolic and repro-
ductive outcomes in patients with PCOS [10].

So far, several studies have shown that metformin
can lead to improved HRQOL and mental health
[11-13]. However, it remains unclear whether the
observed improvements in HRQOL and mental health
are directly attributable to the medication itself or if
they stem from the positive changes in metabolic
markers that metformin is known to influence. This
ambiguity calls for a more thorough investigation into
the specific role that metabolic changes, as a result of
metformin therapy, play in improving HRQOL and
reducing distress among women with PCOS. This
study aims to explore this relationship by assessing
both metabolic markers, HRQOL outcomes and men-
tal state in women undergoing metformin treatment.

Methods
Study design

This single-center prospective cohort study involved
the consecutive enrollment of patients. Each partici-
pant underwent a comprehensive assessment at base-
line and was scheduled for a follow-up visit 24 weeks
after initiating therapy (t1). The study aimed to evalu-
ate treatment efficacy and its impact on metabolic
parameters, which were measured both at the time of
enrollment (t0) and at the follow-up (t1).

Inclusion and exclusion criteria

Participants were enrolled from the Fertility Center of
the Department of Obstetrics and Gynecology of the
University Medical Center Mainz as well as private
gynecology practices in Mainz were asked to refer
PCOS patients, and announcements were posted on
the website of the German PCOS support group and

in public places throughout Mainz. The inclusion
period for the study spanned 10months in 2021
and 2022.

Eligible participants could not undergo any
PCOS-related therapy or take any metabolic medication
at the time of enrollment. If they were on such therapy,
it had to be discontinued for 3months prior to inclusion.
The initiation of any new medication during the study
period was monitored, and participants were instructed
not to start any medication without prior notification and
approval from the study team. Additionally, patients
actively trying to conceive at the time of the study were
excluded. Participants had to be over 18years old and
provide written informed consent to participate.

PCOS diagnosis was confirmed using the criteria from
the 2023 International PCOS Guideline [8]. Exclusion crite-
ria included individuals with a history of mental health
conditions or significant medical disorders that could
interfere with the assessment of variables.

Diagnostics

At the start of the study, a comprehensive evaluation
was conducted, including hormone levels (AMH, andro-
stenedione, dehydroepiandrosterone sulfate, estradiol,
follicle-stimulating hormone, testosterone, luteinizing
hormone, prolactin, sex hormone-binding globulin,
thyroid-stimulating hormone, 17-OH progesterone), liver
and kidney values, serum lipids, C-reactive protein (CRP),
and an extended 759 oral glucose tolerance test (OGTT/
insulin) to assess metabolism. At t1, hormone levels, clin-
ical chemistry including liver and kidney values, and CRP
were measured (except AMH, dehydroepiandrosterone
sulfate, androstenedione, 17-OH progesterone, prolactin,
oral glucose tolerance test). Each visit included measure-
ments of waist circumference (taken between the last rib
and the iliac crest) and body weight and height (mea-
sured in kilograms and meters). The World Health
Organization defines BMI categories as follows: <24.9kg/
m? as healthy weight, 25-29.9kg/m? as overweight, and
>30kg/m? as obesity | and Il [14].

Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR)

Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR) was calculated according to the formula:

HOMA- IR
= fasting insulin(mU / L) x fasting glucose(nmol / L)/ 22.5

A HOMA-IR above 2 was counted as insulin resis-
tance [15].



Fatty Liver Index (FLI)
The Fatty Liver Index (FLI) assesses the likelihood of a
person having hepatic steatosis. Bodogni et al. devel-
oped an algorithm based on four parameters—BMI,
waist circumference, triglycerides (TQ), and
gamma-glutamyltransferase (GGT)—to estimate this
probability from a range of variables [16].

FLI is calculated as:

FLI =e" / (1+¢e")x 100, where
x=0.953xlog,(TG) +0.139x BMI
+0.718xloge(GGT)+0.053

x (waist circumference) —15.745,

with TG measured in mmol/l, BMI in kg/m?, GGT in U/L, and
waist circumference in centimeter.

The values of FLI vary from 0 to 100. Values of FLI
<30 are considered normal, FLI=30-59 indicates a low
likelihood of hepatic steatosis, and FLI > 60 indicates a
high degree of probability of the presence of hepatic
steatosis [16].

Visceral Adiposity Index (VAI)

While BMI is the most often used index in clinical
practice for assessing a patient’s nutritional status,
it does not provide information on the distribution
of fat and muscle tissue. The gold standard for eval-
uating body fat distribution is magnetic resonance
imaging (MRI) or computed tomography (CT) [17].
The Visceral Adiposity Index (VAI) offers a reliable
and simple alternative for assessing cardiovascular
risk [18]. However, a definitive cutoff value for
pathological VAl has not yet been established
[19,20]. The VAl is calculated using BMI, waist cir-
cumference, TG, and high-density lipoprotein cho-
lesterol (HDL), with the formula specific to women
used for this calculation [21]:

VAI = (waist circumference(cm) /(36.58 + (BMI xl.89)
x(TG/0.8])x(1.52/HDL)

Health-related quality of life

The Polycystic Ovary Syndrome Questionnaire (PCOSQ)
was employed to evaluate condition-specific HRQOL.
It comprises 26 questions addressing PCOS-related
symptom complexes, including emotional well-being,
body hair, weight, infertility problems and menstrual
problems. Responses are rated on a Likert scale from
1 to 7, with 1 indicating the highest level of impair-
ment [22]. This questionnaire has been expanded
with four additional questions on acne, leading to

JOURNAL OF PSYCHOSOMATIC OBSTETRICS & GYNECOLOGY 3

the development of the Modified PCOS-Questionnaire
(MPCOSQ), which was used in this study [23].

Mental state

Anxiety and depression were assessed using the
Hospital Anxiety and Depression Scale (HADS) [24]. This
self-report instrument includes two subscales, each
with seven questions dedicated to anxiety and depres-
sion. Higher scores reflect greater levels of anxiety or
depression. A score of 8 or more on either subscale
indicates increased levels of distress. Specifically, scores
between 8 and 10 suggest mild anxiety or depression,
11 to 14 indicate moderate anxiety or depression, and
15 to 21 denote severe anxiety or depression [25].

Hirsutism

To assess hirsutism, patients completed the
Ferriman-Gallwey questionnaire. A rating beyond 7
indicates pathological hirsutism [26].

Therapy

After comprehensive diagnostics, the recommended
guideline-based therapy was discussed with the
patient through a shared decision-making process. If
insulin resistance was present, a metformin therapy
was initiated with the patient’s consent (M-group).
During the study, liver and kidney levels were moni-
tored between study visits to ensure metformin toler-
ance. The dosage was initially set at 1700mg daily
(850mg twice daily) but was individually adjusted
based on the patient’s medical history and profile or if
intolerable side effects such as bloating, or diarrhea
occurred.

If metformin was not administered, the therapy was
selected and implemented according to the patient’s
individual profile when the patient was included in the
study. This included combined oral contraceptives,
progestin-only preparations, myo-inositol, or no ther-
apy if there was no indication for medication or if the
patient declined treatment (C-group).

Statistical analysis and ethical considerations

The data were analyzed using descriptive statistics and
regression methods, employing IBM SPSS Statistics
Version 29. Mean, standard deviation and percentages
were used to characterize the participants. Comparisons
of means in M- vs. C-group were conducted using the
independent t-test, while categorical variables such as
PCOS type were analyzed using the x? test.
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A multivariate linear regression was used to esti-
mate the association of metabolic markers such as
AVAI, ABMI, Awaist-circumference, AFLI, HOMA-IR and
therapy group affiliation (M-/C-group) with the results
of the MPCOSQ and HADS subdomains at t1.
Confounding variables were selected from a range of
clinically plausible factors, including age, AFerriman-
Gallwey score, partnership status, were identified using
causal diagrams and the respective result of the out-
come variable at t0. The model was built using a
change-in-estimate method, where potential con-
founders were included in the final multivariate regres-
sion model if they changed the regression coefficient
(B) by more than 10% [27].

Before including parameters in the multivariate
model, they were assessed for potential multicollinear-
ity. Parameters with a Pearson or Spearman correlation
coefficient exceeding 0.7 were excluded from simulta-
neous inclusion in the model. The effects were esti-
mated using the unstandardized regression coefficient
B, p-value, and 95% confidence interval (Cl).

Results

A total of 66 patients participated in the study, all of
whom had a confirmed diagnosis of PCOS. Among
these, 31 patients were indicated for metformin ther-
apy and were included in the M-group. The interval
between the start of therapy and the follow-up visit
(t1) was 31.1+7.8weeks for the M-group and
32.1+10.3weeks for the C-group. The average met-
formin dosage was 1664.5+254mg per day. During
the therapy, 19.4% of patients experienced persistent
side effects after 24weeks, including abdominal pain
(10%), diarrhea (10%), and nausea (7%). No serious
side effects were reported, and all serological tests for
known liver and kidney toxicity were negative.

The remaining 35 patients did not receive met-
formin therapy and served as the comparison group
for the study (C-group). In this group, 16 patients
(46%) used Myo-Inositol, 8 (23%) used a combined
oral contraceptive, and 2 (6%) used a progestin-only
pill. Additionally, 3 patients (9%) chose a Levonorgestrel
intrauterine device, and 6 (17%) did not undergo any
medication therapy.

Despite the metabolic differences between the
M-group and C-group, both consisted of patients diag-
nosed with PCOS, and their phenotypes did not differ
significantly. All participants were confirmed to be
non-diabetic at baseline. Analysis of clinical parame-
ters, including weight, BMI, HOMA-IR, waist circumfer-
ence, VAl, and FLI, revealed that the M-group was
characterized by metabolic disturbances, whereas

these features were significantly less pronounced in
the C-group. Further details about the study cohort
can be found in Table 1.

Participants in both groups were required to attend
a second study visit after 24 weeks. The metabolic sit-
uation in the M-group improved with metformin treat-
ment, as demonstrated by significant reductions in
weight, BMI, and FLI. These changes reflected notable
differences in the metabolic parameters of the
M-group. Relevant follow-up results are presented in
Table 2.

The HRQOL assessment using the MPCOSQ showed
that, at baseline (MO and CO0), the M-group had on
average lower HRQOL scores, indicating a worse
HRQOL compared to the C-group. However, this differ-
ence was not statistically significant in any of the
MPCOSQ scales between the groups at MO and CO.
Nevertheless, both the M-group and the C-group
exhibited a significant improvement in HRQOL across
all subdomains and in the total score when comparing
the therapy start with t1. There was no significant dif-
ference between the M- and C-groups in the delta of
improvement (AM1-MO; AC1-C0); however, the M-group
showed a larger delta compared to the C-group
(Figure 1).

Regarding mental state, the M-group scored worse
on the depression subscale compared to the C-group
at baseline. Therapy was associated with a significant
improvement in mental health in both groups (Table 3).

No metabolic markers met the change-in-estimate
criterion for MPCOSQ-Weight, MPCOSQ-Acne, or
HADS-Depression. Some markers did meet the
change-in-estimate criterion but did not yield statisti-
cally significant results in the multivariate model,
including: AVAI for MPCOSQ-Emotion; AVAI and AFLI
for MPCOSQ-Infertility; AVAI and AFLI for MPCOSQ-Total;
and AVAI for HADS-Anxiety.

For MPCOSQ-Body hair, HOMA-IR met the
change-in-estimate criterion, demonstrating a signifi-
cant association in the model (B —0.23; Cl: —0.42, —0.04;
p=0.02) with a variance of R?=0.650 and adjusted
R?=0.618 in the model. Similarly, for MPCOSQ-Menstrual
problems, only ABMI met this criterion, showing a sig-
nificant result (B: —0.20; Cl: —0.36,-0.04; p=0.02) with a
model variance of R> = 0.361 and an adjusted R? =
0.303. In none of the models group affiliation
(M-group/C-group) showed a significant result.

Discussion

In our study, we demonstrated that HRQOL and men-
tal health are significantly associated with key meta-
bolic markers. Initially, there were no significant
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Table 1. Characteristics of the study population upon enrollment (t0) per group (metformin versus comparison group).

Overall t0 t0 Metformin-Group (MO0) t0 Comparison-Group (C0) p

N 66 31 35
Age (years) Mean+SD 26.9+4.1 27.2+39 26.5+4.2 0.48
Weight (kg) Mean+SD 79.3%21.6 89.0+234 70.7+15.7 <0.001
BMI (kg/m?) Mean £ SDHealthy weight BMI 283%7.1 319473 25.1+5.1 <0.001

18.5-24.9 29 (43.9%) 7 (22.6%) 22 (62.9%)
« Overweight BMI 25.0-29.9 37 (56.1%) 24(77.4%) 13 (37.1%)
«  Obesity | BMI 30.0-34.9 21 (31.8%) 17 (54.8%) 4 (11.4%)
+  Obesity Il BMI >35.0 15 (22.7%) 12 (38.7%) 3 (8.6%)
PCOS-phenotypeA 45 (68.2%) 20 (64.5%) 25 (71.4%) 0.26

(hyperandrogenism + ovulatory 9 (13.6%) 4 (12.9%) 5 (14.3%)

dysfunction + PCOM) 10 (15.2%) 7 (22.6%) 3 (8.6%)
« B (hyperandrogenism + ovulatory 2 (3.0%) 0 (0%) 2 (5.7%)

dysfunction)
+  C (hyperandrogenism +PCOM)
+ D (ovulatory dysfunction+PCOM)
Waist circumference (cm) 84.2+16.6 92.6+15.4 76.7+£14.0 <0.001
Mean+SD
HOMA-IR 22+16 3.0+0.6 1.5+0.2 <0.001
Mean+SD
Ferriman-Gallwey-score Mean+SD< 7 normal 14.2+6.2 155+7.8 13.1+43 0.13
« =7 pathological hirsutism 6 (9.1%) 5 (16.1%) 1 (2.9%)

60 (90.9%) 26 (83.9%) 34 (97.1%)

Free Androgen Index (FAl) 43+2.7 48+26 39+26 0.15
Mean +SD<5.5 normal 47 (71.2%) 19 (61.3%) 28 (80.0%)
«  >55 elevated 19 (28.8%) 12 (38.7%) 7 (20.0%)
Visceral Adiposity Index (VAI) 34+27 41+24 27+27 0.049
Mean+SD
Fatty Liver Index (FLI) 33.1+£34.6 23.4%355 14.7+£21.1 <0.001
Mean +SD< 30 no hepatic steatosis 39 (37.1%) 10 (35.5%) 29 (87.9%)
« =30 low likelihood of hepatic steatosis 39 (62.9%) 19 (65.5%) 4 (12.1%)
+ =60 probable hepatic steatosis 17 (27.4%) 15 (51.7%) 2 (6.1%)
PartnershipYes 36 (54.5%) 14 (45.2%) 22 (62.9%) 0.22
« No 30 (45.5%) 17 (54.8%) 13 (37.1%)
C-reactive protein (CRP) (mg/L) 3.5+44 5.0+5.2 23128 0.03
Mean+SD
Anti-Millerian hormone (AMH) (ng/mL) 93+54 8.8+4.5 9.8+6.1 0.45
Mean+SD
LH/FSH ratio 1.6+1.1 1308 1.8x1.3 0.10
Mean+SD

BMI: Body Mass Index; CO: comparison group not taking metformin, at t0; FSH: follicle-stimulating hormone; HOMA-IR: Homeostatic Model Assessment for
Insulin Resistance; LH: luteinizing hormone; MO: study group taking metformin, at t0; PCOM: Polycystic Ovary Morphology; PCOS: Polycystic Ovary
Syndrome; SD: standard deviation. p < 0.05 values are shown in bold.

Table 2. Relevant markers at follow-up (t1) in both study groups (M-/-C-group).

t1 Metformin-Group t1 Comparison-Group p (AM-group vs
(M1) p (M0-M1) cn p (Co-C1)  AM1-MO AC1-CO AC-group)
Weight (kg) 86.7+23.9 0.02 71.0£16.0 0.70 -23+53 0.28+4.2 0.04
Mean+SD
BMI (kg/mz) 31.1£7.6 0.02 25.2+51 0.75 -0.81£1.9 0.08+1.4 0.04
Mean+SD
Waist circumference (cm) 924+16.4 0.86 78.2+13.9 0.39 —0.19+6.1 1.5+10.0 0.41
Mean+SD
Ferriman-Gallwey-Score 14.0+8.1 0.10 12447 0.19 -15+50 -0.69%3.0 0.42
Mean+SD
Free Androgen Index (FAI) 46+2.7 0.62 34+33 0.32 —021+24 —046+2.7 0.69
Mean+SD
Visceral Adiposity Index (VAI) 41+23 0.99 3.9+55 0.24 —-0.00+1.7 1.2+57 0.26
Mean+SD
Fatty Liver Index (FLI) 50.9+35.1 0.15 19.2+244 0.05 -2.6+95 45+123 0.01
Mean+SD
C-reactive protein (CRP) (mg/L) 43+5.2 0.26 22+28 0.83 —0.67+29 —0.05%13 0.34
Mean+SD
LH/FSH ratio 1.6x1.0 0.18 1511 0.19 -031+£12 -030£13 0.06
Mean+SD

BMI: Body Mass Index; CO: Comparison group not taking metformin, at t0; C1: Comparison group not taking metformin, at t1; FSH: follicle-stimulating
hormone; LH: luteinizing hormone; MO: study group taking metformin, at t0; M1: study group taking metformin, at t1; SD: standard deviation. p < 0.05
values are shown in bold.
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Figure 1. Results of the two study collectives (M-group/C-group) at study inclusion and at the follow-up (t1) of the modified
PCOS-Questionnaire (MPCOSQ) and its subscales, as well as the Delta of the development. Significant differences between the
time points are marked with an asterisk. (CO: Comparison group not taking metformin, at t0; C1: Comparison group not taking

metformin, at t1; MO: study group taking metformin, at t0; M1: study group taking metformin, at t1).
Top left plot: Metformin group (MO vs M24), showing improvements across all symptom categories, including acne, menstrual problems, infertility prob-

lems, weight, body hair, emotion, and total score.

Top right plot: Control group (CO vs C24), with generally smaller changes in symptom scores over time.
Bottom plot: Difference scores between baseline and follow-up (AM24-M0 and AC24-C0), visualizing the magnitude of change per symptom category.
Asterisks indicate statistically significant differences. Categories include emotion, body hair, weight, infertility problems, menstrual problems, acne, and

total score.

differences between the two groups in terms of HRQOL
and experienced anxiety. Over the course of the ther-
apy, both groups showed significant improvements in
HRQOL and mental health across all MPCOSQ and
HADS subscales, with more pronounced benefits in
women taking metformin. These results indicated that,
despite initial differences in metabolic markers, both
interventions may have contributed to better mental
and emotional well-being.

In 2006, Hahn et al. demonstrated in a cohort of 64
German PCOS patients that a 6-month metformin ther-
apy was associated with improved HRQOL [12].
Similarly, a study by Huang-Tzou et al. involving 109
Chinese women with PCOS found a clear benefit of
metformin on HRQOL as measured by the PCOSQ.
However, this study also included PCOS patients trying

to conceive, even if they were not undergoing fertility
treatment at the time of the study [13].

In contrast, a randomized controlled trial conducted
in Denmark by Ravn et al. found no improvement in
HRQOL due to metformin therapy, although HRQOL
scores in this study remained below those of healthy
women in the general population [28,29]. Similarly,
Harris-Glocker et al. studied the effect of metformin on
HRQOL, but the concurrent implementation of a life-
style modification program alongside metformin ther-
apy limits the interpretability of these results for
metformin alone [30].

In line with these studies, we observed substantial
improvements in metabolic markers in the group with
PCOS patients taking metformin, while there were no
significant changes in the C-group. Melin et al. and



Table 3. Results of the two study collectives (M-group/C-group) at study inclusion and at the follow-up (t1) of the hospital anxiety and depression scale (HADS), as well as the Delta

of the development.

p (AM-group

t1 Metformin-Group t1 Comparison-Group

t0 Comparison-Group

t0 Metformin-Group

p (M0-CO) (M1) p (M0-M1) (@)} p (C0-C1) AM1-MO AC1-CO vs AC-group)
79+4.1 7.5+4.1

(Co)
84+39

(Mo)
9.8+4.6

HADS

0.15

—0.91+25

-1.9£3.1

0.002 0.04

0.17

Anxiety-Subscale

Mean £SD

0.05
0.27

4 (-11.4%)

-091£1.9

3 (-9.7%)
-1.6+28

<0.001
0.01

(45.7%)
49+44

16 (51.6%) 0.003 16
6.9+3.8

0.81

20 (57.1%)
58+4.6

19 (61.3%)

Anxiety > 7

0.02 0.004

8.5%4.1

Depression-Subscale

Mean +SD

0.02

-1 (-2.9%)

-7 (-22.6%)

C0: Comparison group not taking metformin, at t0; C1: Comparison group not taking metformin, at t1; MO: study group taking metformin, at t0; M1: study group taking metformin, at t1. p < 0.05 values are shown

in bold.

12 (38.7%) 0.01 10 (28.6%) <0.001

0.03

11 (31.4%)

19 (61.3%)

Depression >7
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Samarasinghe et al. reported in their meta-analyses
that metformin influenced metabolism in PCOS patients,
demonstrating more favorable effects than other insu-
lin sensitizers [9,10]. However, metformin is not the
only medication that can be given to PCOS patients
and can have an influence on metabolism. Combined
oral contraceptives, progestin-only pills, and myo-inositol
also affect metabolism in PCOS patients [31,32].

After adjusting for variables in a multivariate model,
metformin therapy did not show a significant relation-
ship with any subscale of the MPCOSQ or HADS.
Instead, the metabolic markers, such as ABMI or
HOMA-IR, were significantly associated with improve-
ments. It is important to note, however, that these
markers and metformin therapy are inherently linked
in PCOS patients, suggesting a possible indirect role of
metformin in influencing metabolic changes that may
be associated with the observed improvements in
HRQOL and mental health.

Overall, women with PCOS have a significantly
higher risk of depression and anxiety. A meta-analysis
by Cooney et al. found that they were 3.78 times more
likely to experience depressive symptoms and 5.62
times more likely to suffer from anxiety disorders than
control groups [33]. These findings align with our
study, in which both groups exhibited pathological
values on the HADS-Anxiety subscale at baseline, while
the M-group also showed elevated scores on the
HADS-Depression subscale. PCOS management primar-
ily targets its individual components rather than
addressing the condition as a whole, with psychother-
apy being one approach shown to be effective in
managing its psychological aspects [34]. In this con-
text, cognitive behavioral therapy (CBT) can be partic-
ularly beneficial, as it helps reduce body image
dissatisfaction, anxiety, and depression, making it a
viable therapeutic option for PCOS patients [35].

Currently, no specific pharmacological treatment is
recommended for anxiety and depression in PCOS.
This includes metformin therapy. Research suggests
that metformin may have a beneficial effect on depres-
sive symptoms. In a study by AlHussain, PCOS patients
in Saudi Arabia were prescribed either metformin com-
bined with lifestyle changes or lifestyle changes alone.
The metformin group showed lower odds of having
major depression. However, it is important to note that
the study did not account for the individual adherence
to lifestyle changes compared to the effects of met-
formin therapy [11]. Given the association between
PCOS and mental health disorders, integrating psycho-
logical interventions alongside metabolic treatments
may provide a more comprehensive approach to
improving overall well-being [34].
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Consequently, it is particularly relevant for health-
care professionals treating PCOS patients presenting
with symptoms of anxiety or depression to know the
connection between metformin and mental health: It
is essential to consider that successful treatment of
psychiatric disorders often requires concurrent man-
agement of PCOS, as underlying metabolic and hor-
monal dysfunctions significantly impact mental health.

In general, the use of metformin in our study
appears to be associated with improvements in HRQOL
and mental health, possibly mediated by improve-
ments in metabolic parameters. The patients may have
experienced some benefit from the therapy.

Strengths and limitations

This study is the first to investigate the impact of met-
formin therapy on HRQOL and mental state using the
MPCOSQ. Previous research has predominantly utilized
general HRQOL questionnaires, such as the Short Form-36
(SF-36), which, unlike the MPCOSQ, do not address the
specific issues faced by PCOS patients [8,11,12,23].
Comprehensive diagnostic tests were conducted to
ensure accurate identification of individuals with PCOS,
which allowed us to attribute the observed effects pri-
marily to the specific characteristics of PCOS rather than
to other unrecognized variables. FLI and VAI are not typ-
ically included in standard gynecological diagnostic pro-
cedures, as they require supplementary laboratory tests,
such as lipid profiles. Given the increased lifetime risk of
conditions like type 2 diabetes, dyslipidemia, and cardio-
vascular disease in PCOS patients, it is crucial to place
greater emphasis on metabolic health.

Due to the inclusion criteria of this study, PCOS
patients with a trying to conceive or those undergoing
fertility treatment were excluded. Fertility treatment is
a known factor that negatively influences HRQOL and
increases the risk of depression and anxiety disorders
[36]. Excluding this group enhances the validity of the
results by eliminating infertility as a confounding fac-
tor, thereby reducing outcome bias.

Moreover, a larger sample size would have enhanced
the reliability of our findings. The limited number of
participants was largely due to challenges in enroll-
ment. In Germany, women with PCOS who are not
pursuing fertility treatment are typically cared for by
gynecologists in specialized practices rather than in
university clinics, which may have restricted our ability
to include more participants.

Our study included only a comparison group, rather
than a true control group, which may have limited the
generalizability of the findings. The absence of a ran-
domized, placebo-controlled group introduces several

sources of bias and potential confounding, making it
more difficult to establish causality. Without a true
control group, it is also challenging to distinguish the
observed effects from natural disease progression, pla-
cebo effects, or external influences such as lifestyle
changes or concurrent treatments. In addition, poten-
tial confounding factors such as diet, physical activity,
and access to psychological support were not system-
atically documented or controlled for, although these
factors may independently influence both metabolic
outcomes and HRQOL [8]. Future studies might con-
sider addressing these limitations by including a true
control group and more systematically accounting for
relevant lifestyle and psychosocial variables.

Unfortunately, a control group of BMI-matched
individuals without PCOS could not be included, as
metformin therapy is generally not indicated for
normal-weight individuals without insulin resistance,
and thus such patients would not have received the
treatment under current guidelines. Furthermore, the
intended follow-up period for the patients was six
months; however, the actual average follow-up time
was 32weeks. Although this duration was sufficient to
observe short-term changes, it does not allow for con-
clusions about long-term efficacy, safety, or relapse
rates. A longer follow-up period would have helped to
evaluate the durability of treatment effects, identify
late-onset side effects, and better understand the clin-
ical course of the condition under study. Longer-term
data might have clarified whether the initial improve-
ments were sustained or transient.

Conclusion

Metformin therapy may be associated with improve-
ments in HRQOL and reduced distress in PCOS patients,
primarily through metabolic improvements rather than
direct drug effects. Healthcare professionals treating
PCOS patients should be aware of the relationship
between metabolism and treatment options for
patients experiencing depressive or anxious symptoms.
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