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Abstract: Polycystic ovary syndrome (PCOS) is an endocrine disorder with a broad spectrum of
clinical symptoms. Some of the serious complications of PCOS are mental disorders including
depression. Therefore, the aim of the meta-analysis was to determine the prevalence, mean level,
standardized mean difference and probability of depression based on the research conducted with
the Hospital Anxiety and Depression Scale (HADS). A systematic literature search was performed
using the following databases: PubMed, EMBASE, Scopus, ClinicalTrials.gov and Google for research
published until January 2023. The meta-analysis was conducted on a group of 4002 patients obtained
from 19 studies, which met the inclusion criteria (adult pre-menopausal women diagnosed with
PCOS, papers on the prevalence of depression or the HADS scoring). According to the research
performed, the mean prevalence of depression was 31% (I2 = 93%; p < 0.001), whereas the mean
HADS depression score in patients with PCOS was 6.31 (I2 = 93%; p < 0.001). The standardized
difference of mean depression scores was SMD = 0.421 (95% confidence interval = 0.17–0.68, I2 = 67%).
The overall probability of depression in PCOS patients was more than 2.5-fold higher than in healthy
women ((RR: 2.58), confidence interval [1.38–4.85]; I2 = 90%, p < 0.001). The research results imply an
increased risk of depressive symptoms in women with PCOS.

Keywords: polycystic ovary syndrome; depression; mental health

1. Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders.
Its prevalence, depending on the diagnostic criteria applied, ranges from 2.2% to 26.7%
worldwide [1–3].

The most widely used definition of PCOS is the one according to the Rotterdam
consensus criteria, which determines that the syndrome can be diagnosed if at least two out
of the three symptoms occur: clinical and/or biochemical hyperandrogenism, ovulatory
dysfunction or the presence of an ovarian cyst in ultrasound examination [4,5]. It is a
heterogeneous disorder with a broad spectrum of clinical symptoms affecting various
systems and organs [6,7].
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The main clinical symptoms include irregular menstruation or lack of menstruation
cycles and/or infertility [8]; acne vulgaris, androgenic alopecia, hirsutism [9]; dyslipidemia
and endothelial dysfunction markers [10]; hyperinsulinemia, insulin resistance and increase
in BMI [11,12].

PCOS is a chronic disease and available treatments can only help to control the signs
and symptoms and reduce the risk of complications [13].

Some of the serious consequences of PCOS are mental disorders including depressive
ones. In particular, indicators of depression and anxiety in women with PCOS are well
documented in the literature [14–18]. The prevalence of depression in women with PCOS
is high and ranges from 16% to 55% [19,20]. The most frequently observed signs and symp-
toms of depression in women with PCOS are fatigue, sleep disorders and low mood [13].
Suicidal thoughts and attempts are less frequently observed, although their probability was
seven-fold higher than in the control group [21].

Depressive disorders are defined as deep and persistent lowered mood. According to
the data compiled by the World Health Organization (WHO), a total of 322 million people
suffered from depressive disorders worldwide in 2015. The prevalence of depression in
the general population ranged from 2.6% to 5.9% and the number of depression sufferers
increased by 18.4% between 2005 and 2015 [22,23]. The risk factors for the development of
depression include both biological (genetic, hormonal, biochemical, proinflammatory and
medications and somatic diseases) and individual ones (personality, life history) as well as
psychosocial ones (life situation, traumatic and stressful events) [24–26].

According to the literature review conducted by Accortt et al. 2008, women suffer
from depression almost twice as often as men [27]. In this context, all the studies concerned
with depression in women, particularly the ones suffering from chronic diseases, appear
to be highly justified. Recent systematic reviews and meta-analyses have confirmed that
women with PCOS presented a three-fold higher probability of depressive symptoms
compared with the women of the same age from the control group [14,28–32]. In another
meta-analysis, it was depicted that the overall prevalence of depression was 36.6% and
higher probability of moderate and severe depressive symptoms was observed in patients
with PCOS compared to controls (OR = 4.18; 95%CI: 2.68–6.52) [29].

Research results on the causes of higher prevalence of depression in women with
PCOS are ambiguous. Depressive disorders may result from the aggravating symptoms
of PCOS, hormonal changes or a combination of the two factors [20]. A higher level of
depression was found in women with infertility [15,16,20]. Numerous studies depicted that
the level of depression was related to obesity and dissatisfaction with the appearance of their
body [29,33]. In contrast, other studies showed a relationship between high serum androgen
level and depression [34]. It was also proved that women with hirsutism and acne [29]
as well as insulin resistance and type 2 diabetes were more prone to depression [29,35].
Although the exact etiology of the link between PCOS symptoms and depression is still a
matter of debate, a recent article attempted to synthesize the etiological factors mentioned
above in connection with those relating to neurotransmitters [36].

Taking into account the results of previous studies and the fact that mood has a
significant effect on the quality of life but also the ability to undertake actions aimed at
coping with this chronic disease, all attempts to broaden the knowledge on the risk of mood
disorders in women with PCOS appear to be of great importance.

According to the studies conducted so far, the prevalence of depression and its levels
were varied, which, according to some researchers, can result from the fact that various
tools were used to diagnose depression [32,34,37]. Therefore, the aim of the meta-analysis
is determination of:

1. Prevalence of depression;
2. Mean level of depression;
3. Standardized difference in mean scores in groups of women with PCOS and healthy ones;
4. Probability of depression based on studies performed using the Hospital Anxiety and

Depression Scale (HADS).
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The HADS is a reliable screening instrument for clinically significant anxiety and
depression in patients presenting to medical clinics. It is also an essential measure of the
severity of mood disorders. The questionnaire comprises fourteen questions, including
seven items for the assessment of anxiety (HADS-A) and seven for depression (HADS-D).
A score of 0–7 on the HADS-D scale is considered normal, 8–10 suggests mild changes and
a score of 11 or higher suggests the probable presence of depressive disorders. The HADS
showed good reliability for depression (a = 0.82) in an extensive validation study [38,39].

It has been assumed that the use of the HADS to diagnose depression would provide
greater methodological consistency and the results would be more comparable and probably
more reliable than in the case of previous meta-analyses which utilized various scales.

2. Materials and Methods
2.1. Search Methodology

The study was designed according to Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) [40]. A systematic literature search was conducted
using four databases: PubMed (until January 2023), EMBASE (until January 2023), Scopus
(until January 2023), ClinicalTrials.gov. We used Google searches as a supplement for
the basic search of the most commonly used databases. This method of data search has
been used in other meta-analyses and has been found valuable. Google provides a quick
algorithm for searching information even if the keywords used by several authors in their
papers were not detailed. Sometimes, sources available in PubMed or Scopus are restricted
only to the title or abstract of the study. Thus, Google search allowed us to reach the papers
from other sources and eventually include them in the meta-analysis. The literature search
was limited to 2009 to the end of January 2023.

The following approach to the literature search was applied with the use of appropri-
ate keywords: “polycystic ovary syndrome”, “PCOS”, “mental disorders”, “depression”,
“depressive disorder”, “HADS”. Moreover, keywords were entered into the keyword search
tool as follows: (“polycystic ovary syndrome” OR “PCOS”) and (“mental disorders” OR
“depression” OR “depressive disorders” OR “HADS”). In addition to the abovementioned
searching strategy, PubMed was searched using MeSH terms such as: polycystic ovary syn-
drome (MeSH: “ovary syndrome, polycystic”, “syndrome, polycystic ovary”, “polycystic
ovary syndrome”), depression (MeSH: “depressive symptoms”, “emotional depression”,
“symptoms, depressive”) (all boxes).

The listed MeSH terms used in the data search were used separately and were also
combined with each other.

Our research was based on the PRISMA guidelines from http://www.prisma-statement.
org and https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6461330/. “URL (accessed on
4 August 2023)”.

The application for the study was registered in PROSPERO, number CDR42023432656.

2.2. Eligibility

Both the inclusion and exclusion criteria were used for the systematic review. The
following inclusion criteria were applied:

1. The study included adult women aged over 18 years;
2. The study included pre-menopausal women;
3. The study included women who were diagnosed with polycystic ovary syndrome

based on the criteria developed by the National Institutes of Health (NIH), the Rotter-
dam consensus or others [41];

4. It was possible to extract from the text the information about the prevalence of
depressive symptoms in the study group;

5. It was possible to extract the HADS-D score from the text;
6. The study group included 30 patients or more;
7. Abstracts were qualified if they contained all the needed information mentioned above.

http://www.prisma-statement.org
http://www.prisma-statement.org
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6461330/
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The following exclusion criteria were defined:

1. Review/case report/meta-analysis/systemic review;
2. Studies not written in English;
3. Studies in which adolescent or post-menopausal women were recruited;
4. Studies that did not assess the level and prevalence of mental disorders using

the HADS;
5. Studies that assessed the effectiveness of a drug and one of the indicators was the

level of depression;
6. Studies in which depressive disorders were assessed only in terms of obesity, infertility,

hirsutism or other symptoms of PCOS;
7. Studies that included pregnant patients with PCOS.

No restrictions concerned with the place where the research was conducted were
imposed. The search and selection of studies were organized following the Population,
Intervention Comparison, Outcomes and Study Design (PICOS) strategy (Table 1).

Table 1. Population, Intervention, Comparison, Outcomes and Study Design (PICOS) for the study.

PICOS Application of the Criteria on the Present Study

Population Adult and pre-menopausal women with PCOS
Intervention None
Comparison Studies included both with and without control group (healthy women)

Outcomes Group size; depression measured by HADS-D score;
relative risk of depression

Study Design Case–control, cross-sectional, prospective and
retrospective studies written in English

2.3. Data Analysis

MetaXL (EpiGear, Sunrise Beach, Australia) software version 5.3 was applied to
analyze data and generate graphs. Cochrane’s Q Test (Q) with the I2 test was used to
assess heterogeneity or the degree of variability in the true effect size estimated in the
studies. A random effects model was used to present heterogeneity. The random effects
model automatically handles the variability estimation for all random effects in the model.
Moreover, the random effects model assumes that the true effect could vary from study to
study due to the differences (heterogeneity) among studies. Based on the abovementioned,
we used this strategy for data analysis. The following criteria were used to assess the
level of heterogeneity: I2 ranging from 0–40% means a lack of heterogeneity/rejected
heterogeneity, I2 > 40–70% refers to substantial heterogeneity and results of I2 over 70%
indicate considerable heterogeneity. The standardized mean difference (SMD; Hedges’g)
was used to measure the difference between the HADS means in patients with PCOS and
those from the control group. SMDs of 0.2–0.5, 0.5–0.8 or >0.8 are considered as small,
medium or large effects. A risk ratio (RR) over 1.0 is considered as a higher collective risk,
whereas RR below 1.0 means low collective risk of mental disorder in the populations
researched. Funnel plots followed by Luis Furuya-Kanamori index (LFK index) was used
to check the presence of publication bias. The LFK index was interpreted in the following
manner: LFK index below 1 means lack of asymmetry, LFK index between 1 and 2 reflects
minor asymmetry, whereas LFK index over 2 indicates major asymmetry. In all the analyses,
values of p < 0.05 were considered as statistically significant. For multiple comparisons,
we checked Cronbach’s alpha values with K-corrected alpha values, including Kristof’s
correction for sample size. The corrected values did not significantly vary from those
previously obtained.

2.4. Search Results

The systematic review of literature was completed on 31 January 2023 followed by
the assessment of eligibility of article titles, keywords and abstracts. In the course of the
first selection, two independent double-blind researchers reviewed 1092 studies sourced
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and then removed 469 duplicates. A total of ten questionable papers were discussed and
a joint decision was made after negotiations (kappa statistics, 0.96). Since 387 studies did
not meet the PRISMA criteria, 82 eligible ones were ultimately selected. Then, 63 studies
were excluded because they: involved adolescent or post-menopausal female patients
(14 studies), had insufficient data, used different measurement tools or the necessary data
could not be extracted (19 papers), depression was analyzed in a different context, e.g.,
treatment (13 studies), measurement tools other than the HADS were used (17 studies).
This reduced the total number of eligible studies to 19.

Where possible, the following data were extracted from each paper: diagnostic criteria
for PCOS and whether it was confirmed in an examination or reported by the patients, all
the characteristics by which PCOS patients and controls were matched. Groups were most
frequently matched based on the following variables: age, ethnicity, level of education,
place of residence, employment, marital status, number of children, BMI.

The following information was obtained from the eligible studies: the first author, year
of publication, country where the research was conducted, the size of the research sample,
prevalence of depression and/or mean HADS score. The detailed strategy used to identify,
search for and select the literature is depicted in Figure 1.
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3. Results

The results of the risk of bias assessment for each study included in the meta-analysis
conducted with Cochrane Risk of Bias 2 (RoB 2) tool are presented in Figure 2. Regarding
the selection of participants, 13 studies were judged as having a low risk of bias, and
6 studies having a high or unclear risk of bias due to unclear confirmation of the study site.
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Figure 2. Risk of bias of studies included in the meta-analysis. (a) Risk of bias summary: review of the
authors’ own judgments about each risk of bias item for each included study. (b) Risk of bias graph: review
the authors’ own judgments about each risk of bias item presented as percentages across all included
studies. Figure generated by Cochrane Risk of Bias 2 (RoB 2) tool [6,7,15–17,19,20,33–35,37,42–49].

General characteristics of the studies included in the meta-analysis are summarized
in Table 2. A total of 13 studies were qualified for the first part of the meta-analysis. They
all met the inclusion criteria and contained data on the number of patients with a score on
the depression scale of ≥8 points, which gave 2903 patients. Six studies were from Asian
countries, five from European countries, one from the USA and one from Australia. The
prevalence of depression ranged from 16% to 55.6% (mean 31%). The lowest and highest
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depression prevalence scores were observed in South Asia, i.e., India [19] and Pakistan [20].
The prevalence of depression in selected studies is presented in Table 3. A random effects
model depicted a considerable heterogeneity of the research results (I2 = 93%; p < 0.001,
Figure 3).

Table 2. Characteristics of the studies included in the meta-analysis.

Study (Year) Country
Number of Patients

PCOS Patients’ Age
PCOS Control

Altuntaş (2022) [6] Turkey 167 73 25.87 ± 5.64
Karsten (2021) [7] Netherlands 73 100 34.1 ± 4.1
Deeks (2010) [15] Australia 48 - 32.5 ± 7.98

Dybciak (2022) [16] Poland 230 199 20–40
Sheikh (2021) [17] United Kingdom 502 - -

Radhakrishnan (2018) [19] India 100 - 16–36
Tariq (2021) [20] Pakistan 135 135 15–45

Kogure (2019) [33] Brazil 120 - 28.8 ± 5.2
Bazarganipour (2013) [34] Iran 300 - 26.56 ± 4.44

Batool (2016) [35] Pakistan 137 137 25.0 ± 8.6
Barry (2011) [37] United Kingdom 76 49 28.8 ± 4.81

Saxena (2022) [42] India 70 - 25.7 ± 7.6
Alur-Gupta (2021) [43] United States of America 272 - Median 28.9

Light (2020) [44] United Kingdom 487 - 30.81 ± 7.65
Cirik (2016) [45] Turkey 101 49 24.44 ± 4.23

Benson (2010) [46] Germany 448 - 29.6 ± 5.5
Sukhapure (2022) [47] New Zealand 33 41 29.24 ± 6.81

Fatemeh (2021) [48] Iran 239 - 30.92 ± 5.49
Dag (2019) [49] Turkey 53 38 22.69 ± 4.54

Table 3. Prevalence of depression in patients with PCOS.

Study (Year) Number of Patients and Country Age (Mean ± SD Years) Depression (%) Citation

Karsten (2021) 73 The Netherlands 34.1 ± 4.1 47.9% 35/73 [7]
Deeks (2010) 48 Australia 32.5 ± 7.98 29.2% 14/48 [15]

Dybciak (2022) 230 Poland Not specified 41.7% 96/230 [16]
Sheikh (2021) 502 UK Not specified 22.5% 113/502 [17]

Radhakrishnan (2018) 100 India Not specified 16% 16/100 [19]
Tariq (2021) 135 Pakistan Not specified 55.6% 75/135 [20]

Bazarganipour (2013) 300 Iran 26.56 ± 4.44 20% 60/300 [34]
Batool (2016) 137 Pakistan 25.0 ± 8.6 30% 41/137 [35]

Alur-Gupta (2021) 272 USA Median 28.9 25.4% 69/272 [40]
Saxena (2022) 70 India Not specified 28.5% 20/70 [42]
Light (2020) 487 UK 30.81 ± 7.65 23.8% 116/487 [44]
Cirik (2016) 101Turkey 24.44 ± 4.23 46.5% 47/101 [45]

Benson (2010) 448 Germany 29.6 ± 5.5 21% 94/448 [46]

For the next stage of the meta-analysis, a total of 13 studies were qualified. They met
the inclusion criteria and contained data on the mean HADS score, which amounted to
2619 women aged from 22.69 to 34.1 years. In one of the studies, the mean age was not
stated [17]; in another, the median age was given [43]. The mean depression score ranged
from 4.5 to 8.2 (mean 6.31). The lowest score was obtained by patients from Australia (4.5)
and New Zealand (4.82), the highest was observed in patients from the Netherlands (8.2),
the UK(7.70) and Brazil (7.2). Mean HADS-D scores obtained by patients with PCOS are
presented in Table 4. A random effects model depicted considerable heterogeneity of the
research results (I2 = 93%; p < 0.001) (Figure 4).
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Table 4. Mean HADS-D scores in PCOS patients.

Study (Year) Number of
Patients/Country

Age (Mean ±
SD Years)

HADS-D Score
(Mean ± SD) Citation

Altuntaş (2022) 167 Turkey 25.87 ± 5.64 6.61 ± 3.99 [6]
Karsten (2021) 73 The Netherlands 34.1 ± 4.1 8.2 ± 3.7 [7]
Deeks (2010) 48 Australia 32.5 ± 7.98 4.5 ± 3.2 [15]
Sheikh (2021) 502 UK Not specified 7 ± 3.0 [17]
Kogure (2019) 120 Brazil 28.8 ± 5.2 6.7 ± 3.8 [33]
Barry (2011) 487 UK 28.8 ± 4.81 4.88 ± 1.98 [37]

Alur-Gupta (2021) 272 USA Median 28.9 4.9 ± 3.8 [43]
Light (2020) 487 UK 30.81 ± 7.65 7.7 ± 4.3 [44]
Cirik (2016) 101 Turkey 24.44 ± 4.23 7.0 ± 4.0 [45]

Benson (2009) 120 Brazil 29.6 ± 5.5 7.2 ± 4.2 [46]
Sukhapure (2022) 33 New Zealand 29.24 ± 6.81 4.82 ± 4.0 [47]

Fatemeh (2021) 239 Iran 30.92 ± 5.49 6.96 ± 3.73 [48]
Dag (2017) 53 Turkey 22.69 ± 4.54 5.47 ± 2.97 [49]

Six studies (three from Turkey and one each from the UK, the Netherlands and New
Zealand) were qualified for the next stage of the meta-analysis. They met the inclusion
criteria and contained data on the mean HADS score in the group of women with PCOS
and in the control group. The group of women with PCOS comprised 503 patients and
the control group consisted of 350 women. The mean age of women with PCOS ranged
from 22.69 to 34.1 years and in the control group it was from 21.34 to 35.12 years. The
smallest standardized mean difference (SMD = 0.070, confidence interval = 0.35 to 0.49) was
observed in a study of 53 Turkish patients [49], and the highest (SMD = 1.052, confidence
interval from 0.67 to 1.43) in a group of 76 patients from the UK [37]. The cumulative SMD
between the mean level of depression in the PCOS group and the control group was 0.421
(95% confidence interval from 0.17 to 0.68, I2 = 67%), indicating a small overall effects size
with substantial heterogeneity (Figure 5a). Detailed data on the HADS-D values in both
groups and the SMD (Hedge’s g) are depicted in Table 5.
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Figure 5. Meta-analysis using a random effects model for the SMD of the HADS-D score between
control and PCOS individuals (a); funnel plot of SMD for depression meta-analysis (b); Doi plot and
LFK index for the detection of publication bias (c). Figures generated by MetaXL (EpiGear, Sunrise
Beach, Australia) software version 5.3 [6,7,37,45,47,49].
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Table 5. Standardized mean difference of the HADS scores for depression in PCOS patients and
healthy controls.

Study (Year)
Country Number of Cases Age (Years)

(Mean ± SD)
HADS-D Score
(Mean ± SD)

SMD
(Hedge’s g) Citation

Altuntaş (2022)
Turkey

Study group—167 25.87 ± 5.64 6.61 ± 3.99
0.422 [6]Control—73 27.25 ± 5.85 4.99 ± 3.41

Karsten (2021)
Netherlands

Study group—73 34.1 ± 4.1 8.2 ± 3.7
0.233 [7]Control—100 35.1 ± 3.7 7.4 ± 3.2

Barry (2011)
UK

Study group—76 28.8 ± 4.81 4.88 ± 1.98
1.052 [37]Control—49 35.12 ± 4.37 2.76 ± 2.04

Cirik (2016)
Turkey

Study group—101 24.44 ± 4.23 7.0 ± 4.0
0.286 [45]Control—49 26.29 ± 5.17 6.0 ± 2.0

Sukhapure (2022)
New Zealand

Study group—33 29.24 ± 6.81 4.82 ± 4.0
0.492 [47]Control—41 29.29 ± 8.62 3.0 ± 3.36

Dag (2017)
Turkey

Study group—53 22.69 ± 4.54 5.47 ± 2.97
0.070 [49]Control—38 21.34 ± 2.12 5.23 ± 3.96

Pooled SMD (Hedge’s g): 0.421, I2 = 67%; Q = 15.30, p = 0.01.

A slight asymmetry in the funnel plot was found (Figure 5b), which was confirmed
by an LFK score of 1.18 (minor asymmetry) (Figure 5c). This means that there was no
significant publication bias in the six studies included.

In the next stage of the meta-analysis, the probability of depression in PCOS patients
was assessed (Table 6). Five studies that met inclusion criteria and contained the data
on the number of PCOS patients and controls with a depression score of ≥8 points were
qualified, which resulted in 290 PCOS patients and 113 controls. The studies included were
of similar weight. The lowest probability of depression (RR [95%CI] = 1.02 [0.74–1.40]) was
found in the study of 35 patients from the UK [7]. The highest probability of depression
(RR [95%CI] = 6.25 [3.57–10.95]) was observed in the study of 75 patients from Pakistan [20].
The cumulative probability of depression in the PCOS patients is more than 2.5-fold higher
than in healthy women (RR [95%CI] = 2.58 [1.38–4.85], I2 = 90%, p < 0.001) (Figure 6a).
A minor asymmetry was found in the funnel plot (Figure 6b) which was confirmed by the
LFK score of 1.37 (minor asymmetry) (Figure 6c).

Table 6. Probability of depression in PCOS patients.

Study (Year)/Country PCOS
(Active/Cases)

Control
(Active/Cases) RR [95%CI] Citation

Karsten (2021)/UK 47.9% (35/73) 47% (47/100) 1.02 [0.74–1.40] [7]
Dybciak (2022)/Poland 41.7% (96/230) 16.1% (32/199) 2.60 [1.83–3.69] [16]
Tariq (2021)/Pakistan 55.6% (75/135) 8.9% (12/135) 6.25 [3.57–10.95] [20]

Batool (2016)/Pakistan 30% (41/137) 9% (12/137) 3.42 [1.88–6.214] [35]
Cirik (2016)/Turkey 46.5% (47/101) 20.4% (10/49) 2.28 [1.26–4.12] [45]

Pooled RR: 2.58 [1.38–4.85]; I2 = 90%, Q = 38.45 p < 0.001.
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Figure 6. Relative risk (RR) meta-analysis plot (random effects model): probability of the incidence
of depression in PCOS patients (a); funnel plot of RR for depression meta-analysis (b); Doi plot and
LFK index for the detection of publication bias (c). Figures generated by MetaXL (EpiGear, Sunrise
Beach, Australia) software version 5.3 [7,16,20,35,45].

4. Discussion

The aim of the meta-analysis was to determine: prevalence of depression, mean level
of depression, standardized mean difference and probability of depression based on the
research conducted using the Hospital Anxiety and Depression Scale (HADS). The presented
meta-analysis was based on 4002 patients with PCOS obtained from 19 studies that met the
inclusion criteria and originated from different countries (4 UK, 3 Turkey, 2 India, 2 Iran,
2 Pakistan, and 1 each from Australia, Brazil, the Netherlands, New Zealand, Poland and the
USA). The result of the I2 test for the majority of the analyses performed showed considerable
heterogeneity, which is why a random effects model was used. The highest heterogeneity
(I2 = 93%) concerned studies that determined the mean level of depression in PCOS patients,
the lowest (I2 = 67%) concerned studies based on which the standardized mean difference of
the results in the group of PCOS patients and controls was calculated.

On the basis of the meta-analysis of 13 studies (2903 people) regarding the prevalence
of depression of ≥8 points on the HADS, it was found that it ranged from 16% to 55.6%, with
a mean value of 31% (I2 = 93%, p < 0.001). Moreover, the lowest prevalence of depression
was noted in India [19] and the highest was presented by the women in Pakistan [20]. The
result obtained is the lowest compared to the meta-analyses already performed, where
prevalence of depression was 36.6%(IQR 22.3–50.0%) [29] and 42% (95%CI 33–52%) [31].
The difference might be due to the fact that these meta-analyses included studies that
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utilized various diagnostic instruments. It appears that the tool used to measure depression
may affect the frequency of diagnosis of depressive disorders.

The meta-analysis showed that the mean HADS score in PCOS patients (13 studies,
2619 women aged from 22.69 to 34.1 years) was 6.31 (I2 = 93%, p < 0.001). Scores ranged
from 4.5 (Australia) to 8.2 (UK) [7,15]. This result cannot refer to the ones obtained in
previous meta-analyses as they do not contain such data [14,28,29,31,32,34,37].

The standardized mean difference of the HADS scores (6 studies, 503 PCOS patients
and 350 controls) in the present study was SMD = 0.421 (95%CI 0.17–0.68, I2 = 67%), which
is due to a small overall value effect with substantial heterogeneity and minor publication
bias of the studies included (LFK = 1.18).

This result is significantly lower compared to previous meta-analyses. The highest
standardized mean difference (0.82, 95%CI 0.73–0.92) was obtained in the meta-analysis
by Barry, Kuczmierczyk et al., 2011, whereas Yin et al. obtained a result of 0.64, 95%CI
0.50–0.78 [32,34]. Nevertheless, in the meta-analysis by Veltman-Verhulst et al., SMD = 0.60
(95%CI 0.47–0.73) [50]. It is worth emphasizing, however, that all the cited papers were
based on studies using various methods of diagnosing depression.

The assessment of probability of depression in PCOS patients compared with the
control group showed that the overall probability of depression in PCOS patients based
on mean scores is more than 2.5-fold higher than in healthy women (RR = 2.58, 95%CI
1.38–4.85, p < 0.001, with considerable heterogeneity of 90%) and minor publications bias
(LFK = 1.37).

Similar results to those of Wang et al. 2021 were obtained, where women with PCOS
were twice as likely to be diagnosed with depression than controls (OR = 2.098; 95%CI
1.411–3.119; four studies) [31], and Brutocao et al. 2018, where PCOS was related to 2.79-fold
higher probability of diagnosing clinical depression (OR = 2.79, 95%CI 2.23–3.50) [14]
compared to the control group.

Although the evidence for higher prevalence of depression in PCOS is convincing,
none of the meta-analyses provides a definitive explanation of the cause of this relation-
ship [29,31,34,37]. Researchers have aimed to explain by which mechanisms PCOS is linked
to depression. First of all, the symptoms of PCOS cause psychological stress in patients [51]
and as the research shows, hypercortisolism and hyperactivity of the HPA axis play a
pivotal role in the development of depression [52]. Evidence from numerous studies shows
that inflammatory factors play a key role in the genesis of mental disorders [53], and PCOS
has been shown to be a proinflammatory condition [54]. On the other hand, many of the
specific metabolic changes associated with PCOS, namely insulin resistance, obesity and
androgen excess, have also been observed in patients suffering from affective disorders [55].
Thus, the signs and symptoms of depression and PCOS overlap [56]. Therefore, well-
designed studies assessing the effect of treating these factors on the depressive symptoms
in PCOS women are required.

The strengths of the study are that it included only those studies in which one method
of diagnosing depression (the HADS) was utilized. To the best of our knowledge, no such
a meta-analysis has been conducted so far. All the previous ones were based on diagnosis
using various methods such as the Beck Depression Inventory (BDI), the 12-item General
Health Questionnaire (GHQ-12) and the Depression Anxiety Stress Scale (DASS). It is
highlighted that this might have been one of the sources of heterogeneity of results [32,34].
Furthermore, in the subsequent steps of the meta-analysis, studies both with and without
control groups were included. It enabled determination of the prevalence and mean level of
depression in the group of women with PCOS and, based on the research with the control
group, determination of the standardized mean difference and probability of depression.

The study also has some limitations. All the studies included in the meta-analysis were
cross-sectional, therefore it can only be hypothesized that diagnosis of PCOS is preceded
by the diagnosis of depression and anxiety. The main limitation of the paper is the high
heterogeneity of the studies. Secondly, the study included only published articles, without
other types of papers, which might have resulted in publication bias. Moreover, only
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studies written in English were included. Furthermore, the impact of such factors as
infertility, androgen levels, BMI or duration of the disease, which may play a significant
role in mental health, was not studied. Unfortunately, these data, when combined with
other inclusion criteria applied, were impossible to extract in the majority of cases.

5. Conclusions

Our findings suggest an increased risk of depressive symptoms in the population
of women with PCOS and thus highlight the importance of screening examinations and
appropriate follow-up in this population. The data obtained confirm the need to implement
guidelines into routine practice, according to which women with PCOS should undergo
mental health screening and long-term follow-up [57,58].

The worrying mental health situation of women with PCOS highlights the urgent need
for developing psychological healthcare interventions. Psychoeducation on PCOS is vital
in this area. It should be conducted by doctors or other healthcare professionals, given that
the disease is still not well known among patients [59] and medical professionals [60]. It is
crucial that women with PCOS are aware of the threats that the disease poses to their mental
health and how to seek professional help if necessary. Moreover, it should be emphasized
that every consultation should be an opportunity not only to assess the clinical aspects
of PCOS but also the clinical symptoms of depression, which can be effectively treated.
Talking to a patient provides an opportunity to discuss important issues resulting from
PCOS, such as: marital, family or social problems, low quality of life, sexual dysfunctions,
low self-esteem. It also seems essential to use well-proven tools that give a chance to make
an accurate diagnosis.

Further research on the most effective methods of psychosocial interventions for
women with PCOS should be conducted. Even though various methods of therapy aimed
at improvement of mental health and quality of life in women with PCOS, such as cognitive
behavioral therapy, are used, the interventions are still limited and their effectiveness is
unknown [61].
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