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A case-control study about
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polycystic ovary syndrome
and in controls
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Background: Polycystic ovary syndrome (PCOS) is linked to an elevated risk of

psychological disorders, decreased quality of life and emotional distress. Serum

cortisol as a potential stress marker has been found to be increased in women

with PCOS. The aim of this study was to evaluate both saliva stress markers and

subjective psychological distress in women with PCOS.

Methods: In a prospective case-control study, 31 PCOS women and 31 healthy

controls were included. Salivary cortisol, and metanephrines were collected in

the morning and in the evening. Emotional distress and quality of life were

assessed by means of the Perceived Stress Scale (PSS-10) and the Short Form-36

(SF-36). Multivariable generalized linear models were applied to test the

influence of various parameters on numerical outcome parameters.

Results: After correction for age and body mass index (BMI), there were no

statistically significant differences of salivary biomarkers between PCOS women

and healthy controls (p>0.05). PCOS patients revealed significantly higher

increased PSS total scores and lower quality of life in all SF-36 modules apart

from pain (p< 0.05). The PSS total score was positively correlated to prolactin in

PCOS women (r= 0.450; p= 0.011). In overweight/obese PCOS patients, a higher

BMI, a higher Ferriman Gallwey score and higher age significantly predicted the

PSS total score (p< 0.05).

Conclusion: Stress measured by salivary biomarkers did not differ between PCOS

women and healthy controls, whereas stress scores evaluated by questionnaires

were significantly greater in women with PCOS. A higher BMI, hirsutism and a

higher age seem to be the main modulators of subjective stress in PCOS.

Prolactin might serve as a biomarker for chronic stress in PCOS women.
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Introduction

Polycystic ovary syndrome (PCOS) is the most widespread

female endocrinopathy, affecting 5-10% of women in the

reproductive age. It is primarily characterized by ovulatory

dysfunction and androgen excess. However, women with PCOS

also fall prey to psychological distress, due to body dissatisfaction

and impaired health-related quality of life. This psychological distress

may manifest itself as depression and anxiety (1, 2) imposing a

substantial health care burden. A higher prevalence of anxiety and

depressive disorders in women with PCOS has been confirmed (3).

The extents of these diseases could be connected to higher stress

levels, which is also widely encountered in women with PCOS (4, 5).

The stress response is modulated by the hypothalamus-pituitary-

adrenal (HPA) axis and the sympathetic nervous system by

synthesizing and releasing adrenal glucocorticoids and

catecholamines. A recent meta-analysis of 41 studies reports

cortisol to be elevated in PCOS subjects (6). However, the overall

effect is accounted for a few large studies with the majority of

included studies not reporting significant differences. Further, there

are variations in the methodological characteristics, in particular of

cortisol sampling, with most studies evaluating cortisol in the serum

and only a few attempting to assess cortisol in saliva. Notably, the

assessment of salivary biomarkers has received recognition because of

the relaxed and non-invasive self-collection, as well as the easy

handling of the saliva samples (7–9). Salivary cortisol represents an

established tool for evaluating acute and chronic stress responses, as

increased secretions of salivary stress biomarkers under different

distressing conditions have been demonstrated (10–12). However,

free metanephrines reflect the sympathetic/adrenomedullary system

of the stress response.

The international evidence-based guidelines for the assessment

and management of PCOS emphasize the importance of

considering quality of life and stress in PCOS research, and the

application of the correct methods in clinical care in order to

recognize and highlight the priorities of patients (13).

Appropriate evaluation, identification of high-risk individuals and

management of stress at an early stage may prevent the onset of

secondary disorders like depression and anxiety, and thereby

facilitate positive, long-term mental health outcome and have a

favorable impact on the health and financial burden on the health-

care system (14, 15). To our knowledge, no studies have yet

examined the association of perceived stress and cortisol secretion

in PCOS women.

Moreover, sympathetic activity is increased in subjects with

obesity (16) and there seems to be a complex and bidirectional

relationship between sympathetic activity and insulin resistance

(17). Given that insulin resistance is common in PCOS with a

prevalence of 75-95% according to clamp studies (18), that the

PCOS prevalence increases with obesity (19) and that the risk for

insulin resistance and type 2 diabetes is higher in overweight and

obese PCOS women (20), one could hypothesize that sympathetic

activity and perceived stress might differ between lean/normal

weight and overweight/obese PCOS women. It has already been

reported that concerns about weight were associated with a

decreased quality of life in patients with PCOS (21).
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Thus, in light of the prevalence of distress among PCOS

patients, our aim was to evaluate both self-perceived severity of

symptoms measured by the Perceived Stress Score (22) and Short

Form-36 (23), and the salivary biomarkers cortisol and free

metanephrines. As a secondary study aim, we also focused on

differences between lean/normal weight and overweight/obese

PCOs patients.
Materials and methods

Study population and setting/study design

This was a prospective case-control study at the Clinical

Department of Gynecologic Endocrinology and Reproductive

Medicine of the Medical University of Vienna, Austria. The study

was approved by Institutional Review Board of the Medical

University of Vienna (IRB number 1804/2016), and each subject

provided written informed consent to participate. Thirty-one non-

infertile patients diagnosed with PCOS and 31 healthy female

controls were recruited. Patients with PCOS were subsequently

divided into an overweight/obesity (BMI > 25) group and a lean/

normal-weight (BMI ≤ 25) group. Control subjects were women

with a regular menses and without any signs of clinical or

biochemical hyperandrogenism, who did not use any hormonal

contraception. Diagnosis of PCOS was made according to the

revised Rotterdam criteria (24), having two of the following

criteria: 1) biochemical and/or clinical hyperandrogenism; 2)

polycystic ovaries seen on transvaginal ultrasound; 3) an- or

oligoovulation (24). Furthermore, participants were eligible if they

met each of the following criteria: age 18-40 years; able to read,

understand and sign the informed consent; not having non-classic

adrenal hyperplasia; not having PCOS-specific treatment within the

last three months before study enrollment.

Study participants were recruited from the outpatient clinic of

the Department of Gynecologic Endocrinology and Reproductive

Medicine of the Medical University of Vienna. All patients were

referred by a gynecologist, seen by a specialist at our clinic and

underwent medical routine examination including laboratory

measurements. After initial diagnosis of PCOS, the patients were

recruited and, if they were willing to participate, they were invited

for an extra study visit.

The recruitment of participants was initiated in January 2017.

During the extra study-visit, participants were given two

questionnaires, which were completed by themselves on-site.

Serum samples of participants with PCOS were collected

beforehand as part of clinical routine. All participants were

instructed to collect saliva samples. Furthermore, clinical

parameters were evaluated and documented in the case report form.
Measures

Blood samples were analyzed for total and free testosterone,

the free androgen index (FAI) calculated as 100 x (total

testosterone/sex hormone binding globulin), androstenedione,
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dehydroepiandrosterone sulfate (DHEAS), the ratio of luteinizing

hormone (LH)/follicle-stimulating hormone (FSH), antimullerian

hormone (AMH), sex hormone binding globuline (SHBG), prolactin

and cortisol-binding globulin (CBG). Insulin resistance was defined by

a HOMA-IR >2.5, calculated as fasting insulin (mU/l) * fasting glucose

(mg/dl)/405 (25).

Saliva samples of salivary cortisol and free metanephrines were

collected with the Salivette sampling device (Sarstedt, Germany) in

the morning, within 30 minutes after awakening, and in the

evening, by the participants themselves. Participants returned

samples within a week. Samples were then centrifuged and stored

at -80°C until assayed.

Perceived stress was assessed with the German version of the

10-item Perceived Stress Scale (PSS-10) which calculates the point

at which events are considered incontrollable, unpredictable and/

or overloading (22). The German version of the PSS-10 has also

been validated (26, 27). Answers to all questions were rated on a

five-point Likert scale (0= never, 4= very often). The scale

correlates with different psychological measures specifically

depression, anxiety as well as decreased satisfaction with self,

job and life in general. A score of “perceived helplessness subscale”

and a score of “perceived self-efficacy subscale” is obtained. The

total Perceived Stress Scale (PSS-10) score is the sum of all

“perceived helplessness subscale” items and reversed “perceived

self-efficacy subscale” items. Quality of life was assessed with the

German version of the Short Form-36 (SF-36), an established and

validated 36-item instrument including a total of eight subscales

(Physical Function, Physical Role Function, Emotional Role

Function, Energy/Fatigue, Emotional wellbeing, Social Function,

Bodily Pain, General Health (28). According to the guidelines,

scores were converted to a 0-100 scale. Higher values of the

transformed scale indicate better health status. Lower values

indicate lower health status, show lower functional limitation,

distress and further social and role disability.

In addition, we assessed clinical information of PCOS. Weight

and height were calculated by weight/height squared (kg/m2) in all

patients to BMI. The clinical assessment of hirsutism was

determined using the Ferriman-Gallwey scoring system (29).

Acne vulgaris was evaluated by use of the global acne grading

system (30).

Blood samples were obtained during the early follicular phase

visit (cycle days 2-5). All biochemical analyses were carried out at

the Department of Laboratory Medicine, Medical University of

Vienna using CE IVD labeled assays according to ISO 15189

standards. As reported previously (31), prolactin, DHEAS and

cortisol measurements were performed with the corresponding

Cobas electrochemiluminescence immunoassays (ECLIA) on

Cobas e 801 immunologyanalyzers (Roche Diagnostics,

Mannheim, Germany). Metanephrine and Normetanephrine were

measured by ELISAs (LDN, Nornhorn, Germany) and CBG by RIA

(DiaSource, Louvain-la-Neuve, Belgium).

Polycystic ovarian morphology was defined by a number of

follicles per ovary >12. For vaginal ultrasound, an “Aloka Prosound

6” ultrasound machine and an “UST-9124 Intra Cavity transducer”

(frequency range 3.0 - 7.5 MHz; Wiener Neudorf, Austria) were

used (31).
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Statistical analysis and sample
size calculation

The sample size was calculated to detect a 0.2 difference in saliva

cortisol levels between PCOS women and controls with an expected

SD of 0.25 at a power of 80% and an alpha of 0.05. This required 26

participants in each group. Due to the medium effort that was

expected of the participants, we anticipated a dropout rate of 20%,

five participants respectively per group. To account for dropouts, we

therefore aimed to recruit 31 participants per group. Accordingly,

the total sample size was estimated with 62.
Statistical analysis

Data are presented as median and interquartile range for

numerical parameters and as number and frequency for

categorical parameters. The SF-36 and PSS-10 questionnaires

were scored and analyzed according to the published guidelines.

To test differences between groups, numerical parameters were

compared using the unpaired t-test (in case of a normal

distribution) or the Welch-test. Pearson correlation was used to

examine relationships between numerical parameters. Statistical

analyses were performed in SPSS 24.0 (IBM, Vienna, Austria).

For comparison of groups with correction for age and BMI,

univariable binary logistic regression models were used, where age

and BMI were also entered as covariates. Multivariable generalized

linear models were applied to test the influence of various

parameters on numerical outcome parameters. For these analyses,

ß-values (B) with their standard deviations (standard errors) as well

as 96% confidence intervals (95% CI) and the Wald’s tests are

provided. A p-value < 0.05 was considered statistically significant.
Results

Table 1 provides details about basic patient and clinical

characteristics in PCOS patients and healthy controls. A higher

BMI was found for women with PCOS. Moreover, PCOS patients

revealed a higher median Ferriman Gallwey score, higher levels of

LH, testosterone, DHEA-S, prolactin, AMH, an increased FAI, and

higher rates of polycystic ovarian morphology on ultrasound

(p< 0.05).

When PCOS women were compared to controls after

correction for age and BMI (Table 2), there were no differences

between the two groups concerning laboratory stress markers. In

contrast, women with PCOS revealed significantly increased PSS

total scores as well as significantly lower quality of life in all SF-36

modules apart from pain.

Correlation analyses were performed between the PSS total score

and SF-36 general health as well as possible salivary and serum stress

markers, namely morning saliva cortisol, DHEAS and prolactin in

PCOS patients (Figures 1A–D) and controls (Figures 1E–H)

separately. The only significant correlation was found for the PSS

total score and prolactin in PCOS women (r= 0.450; p= 0.011;

Figure 1C). Notably, there was no significant correlation between
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TABLE 1 Basic patient and clinical characteristics of PCOS women and healthy controls.

PCOS patients Controls p

Age (years) 25 (22,30) 28 (24,31) 0.071

BMI (kg/m2) 24.9 (21.5;35.5) 21.5 (19.5;23.9) 0.001

Insulin resistance (HOMA-IR >2.5) 20 (64.5) – –

Ferriman Gallwey Score 10 (5,15) 0 (0;0) <0.001

GAGS 4 (4;11) 0 (0;6) 0.198

LH (mlU/mL) 12.6 (8.5;14.6) 5.2 (3.4;7.1) <0.001

FSH (mlU/mL) 5.6 (4.9;7.5) 5.9 (4.7;8.1) 0.548

LH: FSH ratio 2.18 (1.51;3.09) 0.93 (0.55;1.4) <0.001

Testosterone (ng/mL) 0.51 (0.39;0.72) 0.25 (0.16;0.31) <0.001

SHBG (nmol/L) 35.3 (29.1;73.7) 82.3 (68;114.6) 0.001

Free androgen index 1.15 (0.72;2.53) 0.29 (0.20;0.38) <0.001

DHEA-S (µg/ml) 3.17 (2.53;4.33) 2.19 (1.81;2.80) 0.001

Prolactin (ng/mL) 13.1 (8.9;17.8) 9.5 (8.3; 13.1) 0.017

AMH (ng/mL) 7.83 (5.94;11.00) 3.01 (2.03-4.07) <0.001

Presence of polycystic ovarian morphology on ultrasound 25 (80.6) 4 (12.9) <0.001
F
rontiers in Endocrinology
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Data are provided as median (interquartile range) for numerical parameters and as number (frequency) for categorical parameters
–, not applicable.
BMI, body mass index; HOMA-IR, HOMA index of insulin resistance; GAGS, global acne grading system; LH, luteinizing hormone; FSH, follicle stimulating hormone; DHEA-S,
dehydroepiandrosterone-sulfate; SHBG, sexual hormone binding globulin; AMH, anti-Mullerian hormone.
TABLE 2 Salivary and serum stress markers as well as main results of the SF-36 and PSS questionnaires in PCOS women and controls.

PCOS patients Controls p*

Morning saliva cortisol (µg/dL) 0.326 (0.201;0.490) 0.416 (0.217;0.529) 0.798

Evening saliva cortisol (µg/dL) 0.054 (0.054;0.054) 0.054 (0.054;0.054) 0.168

Morning saliva metanephrines (pg/mL) 13.7 (10.0;28.2) 11.2 (8.2;27.6) 0.937

Evening saliva metanephrines (pg/mL) 12.5 (7.1;17.5) 14.2 (8.8;19.7) 0.338

Morning saliva normetanephrines (pg/mL) 175.0 (58.6;370.5) 187.0 (86.2;340.8) 0.182

Evening saliva normetanephrines (pg/mL) 118.0 (80.9;336.0) 136.0 (93.9;256.5) 0.466

Serum CBG (µg/mL) 51.0 (47.1;56.8) 54.0 (51.6;59.4) 0.214

PSS: PHS score 18 (15;22) 14 (11;16) <0.001

PSS: PSE score 11 (10;13) 15 (13;16) <0.001

PSS: total score 7 (4;11) 0 (6;4) <0.001

SF-36: Physical functioning 90 (80-100) 100 (95-100) 0.002

SF-36: Role functioning/physical 100 (75-100) 100 (100-100) 0.025

SF-36: Role functioning/emotional 66.6 (33.3-100) 100 (67-100) 0.007

SF-36: Energy/fatigue 40 (35-50) 55 (50-65) <0.001

SF-36: Emotional wellbeing 64 (48-72) 76 (60-80) <0.001

SF-36: Social functioning 75 (62.5-87.5) 87.5 (50-100) 0.021

SF-36: Pain 77.5 (67.5-100) 90 (68-100) 0.698

SF-36: General health 60 (50-75) 80 (70-90) 0.002
Data are provided as median (interquartile range).
*p was adjusted for age and BMI.
PSS, Perceived Stress Scale; PHS, perceived helplessness subscale; PSE, perceived self-efficacy subscale; SF-36, Short Form-36.
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SF-36 general health and the PSS total score, neither in PCOS patients

(Figure 1A) nor in controls (Figure 1E).

In a next step, we evaluated whether PCOS-typical parameters

were associated with two main outcome parameters, namely the PSS

total score and the overall quality of life in SF-36, by the use of

generalized linear models. Age, BMI, the Ferriman Gallwey Score (for

PCOS patients), total testosterone and AMHwere included into these

models. When focusing on the PSS total score (Table 3), only a higher

BMI was linked to increased stress in controls (n= 31), whereas none

of the parameters was found to be of significant influence in the total

PCOS population (n= 31). Similar results were found in lean/normal

weight PCOS women (n= 15) despite a non-significant trend for

testosterone and higher perceived stress. However, in overweight/
Frontiers in Endocrinology 05
obese PCOS patients a higher BMI, a higher Ferriman Gallwey score

and higher age were significantly associated with stress (p< 0.05).

Concerning overall quality of life in the SF-36 questionnaire

(Table 4), a similar pattern was found. This time, an increased BMI

was the major modulator associated with a decreased quality of life

and this was the case in the whole PCOS group as well as in

overweight/obese PCOS patients (p< 0.05).
Discussion

The PCOS patients in our study population revealed typical

general and PCOS-specific characteristics with a median age of 25
D

A B

E F

G H

C

FIGURE 1

Correlation analyses between the Perceived Stress Scale’s total score and general health/stress-specific parameters. (A) PSS total score versus SF-36
general health in PCOS patients; (B) PSS total score versus morning saliva cortisol (nmol/L) in PCOS patients; (C) PSS total score versus Prolactin
(ng/mL) in PCOS patients; (D) PSS total score versus DHEA-S (µmol/L) in PCOS patients; (E) PSS total score versus SF-36 general health in controls;
(F) PSS total score versus morning saliva cortisol (nmol/L) in controls; (G) PSS total score versus Prolactin (ng/mL) in controls; (H) PSS total score
versus DHEA-S (µmol/L) in controls.
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years, a rate of overweight/obesity of about 52%, and increased

testosterone, DHEA-S and LH levels (Table 1). Notably, controls

were significantly older and had a lower BMI. Thus, all results of the

laboratory stress markers and the questionnaires had to be

corrected for age and BMI when compared between PCOS

women and controls (Table 2). We did not find differences in

laboratory stress biomarkers between PCOS women and controls.

Despite the fact that salivary stress markers have been implemented

to assess distress in several studies (7, 12, 32, 33), with salivary

cortisol being the most established biological marker in stress

research, only few authors have attempted to evaluate salivary

stress markers in PCOS women so far (34–36). Tock et al.

similarly found no hyperactivity of the HPA axis in PCOS

women compared to controls. However, non-obese PCOS women

had higher salivary cortisol levels when compared to obese PCOS

women in the mentioned study (36). On the other hand, an

overactivity of the HPA-axis triggered by stressful stimuli was

seen as a characteristic of hirsute adolescents, detected by

increased salivary glucocorticoid measurements (35).

Noteworthy, studies about cortisol production in PCOS have

presented heterogeneous results. While some studies found elevated

serum cortisol levels (37–39), others found normal levels (40–42). A

recent meta-analysis performed by Benjamin et al. summarized that

women with PCOS had higher cortisol levels than controls.

However, significant heterogeneity existed across the various

studies included. Moreover, the overall effect was accounted for a
Frontiers in Endocrinology 06
few large studies, whereas the majority of included studies did not

report significant differences (6).

As stated previously, in addition to the objective biochemical

assessment of stress, we equally performed subjective evaluation of

mental and general health and self-perceived severity of symptoms.

Women with PCOS had significantly higher total stress scores,

higher perceived helplessness scores and lower perceived self-

efficacy scores in the PSS compared to healthy controls. This is in

line with other studies, such as Khafagy et al., who found a

significant difference in PSS scores among adolescents with and

without PCOS (43). Furthermore, significant differences of health

related quality of life in terms of physical health and emotional

health using the SF-36 were found on the majority of subscales in

our study, showing lower scores among PCOS women and therefore

indicating a compromised quality of life. Similarly, a recent case-

control-study observed significant differences in various domains of

the short form health survey-36 between PCOS and healthy control

cases (44). Comparable results have been previously published and

our findings confirm the overall convergence that women with

PCOS are at increased risk of emotional distress and diminished

quality of life (5, 45–49). A recent systematic review and meta-

analysis conducted by Yin et al. concluded that women with PCOS

experience a lower quality of life and more frequently suffered from

depression and anxiety (49), which supports the well-known and

well-established effect of PCOS on general health and quality of

life (48).
TABLE 4 Generalized linear models for total health in SF-36.

Controls
(n= 31)

PCOS: all patients
(n= 31)

PCOS: lean and normal
weight (n= 15)

PCOS: overweight and
obese (n= 16)

ß SD (ß) p ß SD (ß) p ß SD (ß) p ß SD (ß) p

Constant 598.665 100.519 <0.001 512.710 100.092 <0.001 498.977 198.176 0.012 741.939 137.744 <0.001

Age (years) -3.860 3.177 0.224 -1.254 3.085 0.684 -3.293 3.507 0.348 2.332 4.421 0.598

BMI (kg/m2) 0.027 1.859 0.988 -5.754 1.919 0.003 -4.629 7.509 0.538 -13.897 2.554 <0.001

Ferriman Gallwey Score – – – -1.796 1.914 0.348 -2.255 1.923 0.241 -1.655 2.891 0.567

Testosterone (ng/mL) -230.095 121.519 0.058 53.526 57.806 0.354 -2.369 81.461 0.977 99.349 70.893 0.161

AMH (ng/mL) -14.834 10.203 0.146 -2.167 4.087 0.596 2.952 4.136 0.475 -7.494 7.367 0.309
front
–, not applicable.
TABLE 3 Generalized linear models for the Perceived Stress Scale’s total score.

Controls
(n= 31)

PCOS: all patients
(n= 31)

PCOS: lean and normal
weight (n= 15)

PCOS: overweight and obese
(n= 16)

ß SD (ß) p ß SD (ß) p ß SD (ß) p ß SD (ß) p

Constant -0.035 5.845 0.995 -3.112 5.316 0.558 0.596 10.685 0.956 -25.119 4.686 <0.001

Age (years) 0.301 0.192 0.118 0.176 0.170 0.300 0.256 0.189 0.175 0.351 0.150 0.019

BMI (kg/m2) -0.533 0.167 0.001 0.145 0.107 0.174 0.084 0.405 0.835 0.532 0.087 <0.001

Ferriman Gallwey Score – – – 0.076 0.106 0.473 -0.068 0.104 0.509 0.334 0.098 <0.001

Testosterone (ng/mL) 8.696 6.877 0.206 -4.982 3.206 0.120 8.407 4.392 0.056 0.354 2.412 0.883

AMH (ng/mL) 0.271 0.604 0.653 0.424 0.223 0.057 0.406 0.223 0.069 -0.206 0.251 0.410
–, not applicable.
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Despite the fact that sample sizes were small for generalized

linear models, a higher BMI and hirsutism seemed to influence

perceived stress mainly in obese PCOS women (Table 3). However,

with a focus on the comparably small ß-values in the lean/normal

weight PCOS group, BMI and the Ferriman Gallwey Score did not

seem to be of major influence on the PSS total score and overall

quality of life. Although being overweight is known to be a

contributor to an impaired quality of life and depression in the

general public, there are conflicting results concerning the

influence of BMI on mental distress in PCOS women. Previous

studies reported perceived stress scores to be independent of BMI

(43) and that an obesity category was not connected to emotional

quality of life (5). Other studies demonstrated that an increased

BMI did alter health related quality of life (44). The study by

Karsten et al. looked at whether obese women suffered specifically

if PCOS was detected, with a particular mental health impact.

However, despite the fact that these issues are related to the PCOS

condition, the authors concluded that the impaired mental quality

of life, anxiety, depression and physical quality of life seemed to be

more connected to the obesity rather than to the PCOS condition

(50). Moreover, females with PCOS report lower body image

satisfaction compared to the females without PCOS (51, 52).

This may be due to being overweight, or to the androgen related

disorders such as hirsutism affecting women’s feelings of

attractiveness (53). Our findings demonstrate a possible influence

of an increased BMI and hirsutism on mental health in particular

of obese PCOS women, which could be due to the impact on

femininity and body image.

Interestingly, reproductive and metabolic PCOS characteristics

are associated with specific PCOS susceptibility loci. As reported,

increasing BMI appeared to be causal for PCOS development,

whereas having PCOS did not affect BMI (54). While these data

support a genetic background, PCOS development also seems to be

induced or at least intensified by overweight/obesity. Thus, one

could assume different pathophysiologic pathways in overweight/

obese PCOS women, more based on a (genetically) higher BMI, and

in lean/normal weight PCOS patients, more likely due to a direct

genetic risk for PCOS. Likewise, the source of stress could differ

between these populations. Notably, a shared genetic basis of PCOS

with psychiatric diseases has been refuted (55). However, our data

suggest that the higher BMI itself and hirsutism were of major

influence on stress in overweight/obese women, whereas in lean/

normal weight PCOS patients testosterone as a marker of overall

disease severity showed a trend (p= 0.056; Table 3).

In addition to these findings, prolactin was the only serologic

stress marker, which was correlated to the PSS total score. In detail,

there was a positive correlation. Prolactin has been mentioned as a

serum parameter possibly elevated in patients with chronic stress

like burn out (56). This would also explain the significantly higher

prolactin levels in PCOS patients (p= 0.017; Table 1). From a

pathophysiologic point of view, chronic stress induces an intense

cortisol production. For the production of cortisol, the POMC-

neurons must produce ACTH. By doing this, they also secrete

GABA and glutamate. GABA acts a stimulator of prolactin and can

therefore lead to an increased prolactin secretion (57). We are aware

of the fact that cortisol levels did not differ between PCOS patients
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and controls, a fact, which we find hard to comment on. In addition

to prolactin, PCOS women revealed higher DHEA-S levels, which

have also been claimed to be linked to chronic stress (56), but do not

seem to be specific for a stress response rather than for the

hyperandrogenemic state.

To our best knowledge, this study is the first trial evaluating

both salivary stress biomarkers including salivary cortisol

measurement and self-perceived severity of symptoms of stress

and quality of life in adult PCOS women in one population. Further

strengths of our study include the use of validated general and

condition- specific questionnaires and an excellent participant

retention. Although adequately powered, we are aware of the fact

that the study sample size was nevertheless small, and that future

studies with a larger sample size are required. A further limitation is

that healthy controls had a slightly, but significantly, lower BMI

than the PCOS participants at baseline, despite a proactive

matching strategy. We realize that the generalizability of our trial

results is limited by the homogenous population. Moreover,

although salivary measures have proven to be a reliable method,

it is accepted that they only provide information pertaining to a

single point in time. Therefore, the lack of additional evaluation of

cortisol in 24-hour urine could be considered as a limitation of our

study. A further limitation is that insulin resistance/HOMA-IR was

only available in PCOS patients.

In conclusion, this prospective case-control study revealed the

following main findings: there were no differences in laboratory

stress biomarkers between PCOS women and controls. However,

PCOS women suffered from higher perceived stress and a lower

quality of life. A higher BMI and hirsutism seemed to influence

perceived stress mainly in obese PCOS women. Last not least,

perceived stress was positively correlated to prolactin levels in

PCOS patients.
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