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ABSTRACT

Aim: Changes in sympathetic activity are responsible for hypertension and insulin resistance observed in polycystic ovary syndrome
(PCOS). The Sympathetic skin response (SSR) reflects the activity of the sudomotor glands stimulated by the sympathetic nerves. In this
study, we aimed to investigate the relationship between insulin resistance and SSR in PCOS patients. In addition, the effect of insulin
resistance treatment with the antidiabetic agent metformin on SSR was explored.

Material and Methods: Thirty PCOS patients with insulin resistance who did not receive metformin therapy and twenty healthy women
were included in the study. Hormone, oral glucose tolerance test, and HOMA score (Homeostasis Model Assessment) measurements
were performed on all participants. Skin conductance level (SCL), which is a parameter of SSR and reflects sympathetic activity, was
recorded from all participants without anxiety or depression. All measurements were repeated after treatment with 1500-2000 mg/day
metformin for 6 months in PCOS patients.
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Results: Testosterone, androstenedione levels, and HOMA-insulin resistance values were significantly higher in PCOS than healthy
controls (p <0.001). SCL was higher in PCOS patients than in the healthy group before metformin treatment (p<0.05), but significantly
decreased after metformin treatment and approached the value of the control group (p<0.05).

Conclusion: The high SCL observed in PCOS patients indicates increased sympathetic activity in these patients. The decrease in SCL
after treatment of PCOS patients with metformin shows that metformin may have an ameliorative effect on some PCOS symptoms by
reducing sympathetic activity.

Keywords: Polycystic Ovary Syndrome, Sympathetic skin response, Insulin resistance, Sympathetic activity, HOMA

Polikistik Over Sendromlu Hastalarda Insiilin Direnci ile Sempatik Deri Cevabi
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Amag: Polikistik over sendromunda (PKOS) goériilen hipertansiyon ve insiilin direnci gibi bozukluklardan sempatik aktivitedeki
degisiklikler sorumludur. Sempatik deri cevabi (SDC), sempatik sinirler tarafindan uyarilan sudomotor bezlerin aktivitesini yansitir.
Bu ¢alismada, PKOS hastalarinda insiilin direnci ile SDC arasindaki iligkiyi aragtirmay: amagladik. Ayrica antidiyabetik ajan metformin
ile insiilin direnci tedavisinin SDC tizerindeki etkisi arastirildi.

Gereg ve Yontemler: Caliymaya metformin tedavisi almayan insiilin direnci olan 30 PKOS hastas: ve 20 saglikli kadin dahil edildi. Ttim
katilimcilara hormon, oral glukoz tolerans testi ve HOMA skoru (Homeostasis Model Degerlendirmesi) 6lgiimleri yapildi. SDC'nin
bir parametresi olan ve sempatik aktiviteyi yansitan deri iletkenlik seviyesi (DIS), anksiyete-depresyon olmayan tiim katilimcilardan
kaydedildi. PKOS hastalarinda 6 ay stireyle 1500-2000 mg/giin metformin tedavisi sonrasinda tiim ol¢timler tekrarlandu.

Bulgular: Testosteron ve androstenedion diizeyleri ile HOMA-insiilin direnci degerleri PKOSTularda saglikli kontrollerden anlaml
olarak yiiksekti (p<0,00). DIS, PKOS'lu hastalarda metformin tedavisi éncesinde saglikli gruptan daha yiiksekti (p<0,05), ancak
metformin tedavisi sonrasinda anlaml diizeyde azalarak kontrol grubuna yaklasti (p<0,05).

Sonug: PKOS hastalarinda gozlenen yiiksek DIS, bu hastalarda sempatik aktivitenin arttigini gostermektedir. PKOS hastalarinin
metformin ile tedavisi sonrasinda DiS'deki azalma, metforminin sempatik aktiviteyi azaltarak bazi PKOS semptomlar1 iizerinde
iyilestirici etkisi olabilecegini gostermektedir.

Anahtar Sozciikler: Polikistik Over Sendromu, Sempatik deri cevab, Insiilin direnci, Sempatik aktivite, HOMA
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PCOS and Sympathetic Skin Response

INTRODUCTION

Polycystic Ovary Syndrome (PCOS) is an endocrine disease
occurring in women of reproductive age, characterized by
chronic anovulation and hyperandrogenism (1). Hyperlipi-
demia, obesity, and insulin resistance often accompany the
disease (2-4). Metformin is among the treatment modali-
ties used in women with PCOS, with its beneficial effects on
both hyperandrogenism and insulin resistance (5).

Although the formation mechanism of PCOS has not yet
been elucidated, various hypotheses have been put forward.
LH hypersecretion, insulin resistance and hyperinsulinemia
may be among the causes. Increased sympathetic-adrenal
medullary (SAM) activity has been associated with insulin
resistance (6).

It has been stated that increases in sympathetic activity may
be responsible for symptoms such as hypertension in PCOS
(7-9). Increased norepinephrine levels were found in estro-
gen-induced polycystic ovaries in rats. Hashim et al also re-
ported that women with PCOS showed altered autonomic
function and sympathetic activity, and plasma epinephrine
levels were high (10).

Sympathetic skin response (SSR) is a proven method to meas-
ure sympathetic autonomic nervous system activity and to
evaluate neurocognitive functions such as attention, anxiety,
and cognition (11,12). Skin conductivity level (SCL), one of
the measured parameters of SSR, reflects the activity of sweat
glands innervated by sympathetic nerves. Since sympathetic
nervous system activity increases in stressful situations, SCL
is also measured as an indicator of stress (13,14).

There are SSR studies conducted on patients with PCOS in
the literature. SSR was found to be increased in some stud-
ies (10,15) and decreased in one study (16).

In this study, we aimed to explore the relationship between
the skin conductance level and insulin resistance in women
with PCOS. We also studied the effects of insulin resistance
treatment on sympathetic skin response. The relationship
between insulin resistance and skin conductance levels in pa-
tients with PCOS was examined for the first time in this study.

MATERIALS and METHODS
Study Groups

This study was carried out at the Laboratory of the Depart-
ment of Physiology, Erciyes University, Faculty of Medicine
from January 1%, 2011 to February 25%, 2012. Thirty PCOS
patients (mean age: 25.65+1.96), and 20 healthy women
(mean age: 24.89+1.65) participated in the study. The Er-
ciyes University Faculty of Medicine Ethics Committee ap-
proved the study (2010/57). Informed consent and permis-

sion were obtained from all participants. PCOS was defined
according to the 2003 Rotterdam consensus criterion (17).
Thirty women diagnosed with PCOS in Erciyes University
Faculty of Medicine, Department of Endocrinology, were
included in the study.

The minimum number of participants was determined by
the G Power Version 3.1.3 software. The sample size was
calculated as 0.50 effect size, 80% test power, and 95% con-
tidence level. Power analysis revealed that a sample size of
at least 35 was required.

Participants who received hormone and insulin resistance
therapy and had a history of ovarian surgery were exclud-
ed from the study. All patients had normal thyroid func-
tion tests. Twenty non-obese healthy women volunteered
as controls. The Psychiatry Department of Erciyes Univer-
sity performed a psychiatric evaluation in all groups, and
in our study, which included people with normal anxiety,
people were included. SSR (tonic and phasic SCL and Skin
conductance fluctuation rate -SCFr) was recorded after per-
forming the anxiety depression scale. Insulin resistance was
diagnosed according to fasting glucose, fasting insulin, Oral
Glucose Tolerance Test (OGTT), and Homeostatic Insulin
Resistance (HOMA-IR) test results. After the SSR records
of PCOS patients with insulin resistance were obtained,
6-month metformin (1500 mg/day) treatment was applied.
The tests were repeated after 6 months.

Psychiatric Evaluation

Hamilton Depression Rating Scale (HDRS) was used for de-
pression scores and Hamilton Anxiety Rating Scale (HARS)
was used to determine the personality and anxiety scores of
the groups. Standardized Mini-Mental State Examination
(MMSE) was applied to evaluate the cognitive functions
(18,19). All the people who participated in the study group
had normal anxiety and depression scales.

Hormonal Analysis

Hormonal analysis was performed in the follicular phase
(3-6 days of the menstrual cycle). Basal serum concentra-
tions of sex hormone-binding globulin (SHBG), estradiol
(E2), total (tT) and free testosterone (fT'), androstenedione
(A), and dehydroepiandrosterone-sulfate (DHEA-S) were
analyzed by the ELISA (Enzyme-Linked ImmunoSorbent
Assay) technique.

Oral Glucose Tolerance Test

After fasting for 10-12 hours, OGTT was performed be-
tween 08.00-10.00. After blood was drawn in the fasting
state, 75 g of glucose was administered orally. Blood was
then drawn at 30-minute intervals over 2 hours to measure
glucose and insulin levels (20,21).
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Homeostatic Measurement Assessment of Insulin
Resistance

HOMA-IR evaluates blood glucose levels and insulin resist-
ance using insulin while fasting. Blood is given only once
and is calculated by the formula: fasting serum insulin (mI-
U/L) x fasting plasma glucose (mmol/L)/22.5 (20,22).

SSR Measurement

SSR was recorded with the MP36 system (BIOPAC). SSR
were recorded with two Ag/AgCl electrodes (with 0.05 mo-
lar NaCl gel) from the medial phalanges of the index and
middle fingers’ palmar surface of the right and left hands.

Tonic response: Responses (pmho/cm2) were recorded for
2 minutes without stimulation. Two parameters were calcu-
lated in tonic responses, the skin conductivity level (SCL)
and the number of non-specific skin conductance fluctua-
tions (NS-SCFr). NS-SCFr are spontaneous fluctuations in
sweat gland activity. NS-SCFr occurs without stimuli (23).

Phasic response: The 15 auditory stimuli were presented for
10 minutes after the tonic measurement. All were 1-sec, 90
dB, 1000-Hz tones. The interstimulus interval was changed
from 30 sec to 65 sec. The mean SCL values were calculated
for phasic SSR. Skin conductivity responses greater than 0.02
pmho in 12 seconds were considered as the response (24).

Statistical Analysis

Statistical analyses were performed with IBM SPSS Version
21.0. First, a normality test was applied with the Kolmogo-
rov-Smirnov test. Comparison of PCOS and control group
baseline data was performed with one-way ANOVA analy-
sis of variance and post hoc Scheffe test. Relationships be-
tween BMI and insulin, HOMA, or G/I value were evaluat-
ed with regression and Pearson correlation tests. Values are
presented as mean + SE. Statistical significance was defined
as p < 0.05.

RESULTS

Demographic characteristics of PCOS and control groups
are given in Table 1. There was no significant difference
between the ages of women with PCOS (25.65+1.96) and
the control group (24.89+1.65) (p=0.39). PCOS patients ex-
hibited significantly increased body mass index (BMI, kg/
cm?) (control group: 22.55+0.52, PCOS group: 25.72+1.18,
p=0.003). The degree of hirsutism ranged from mild to se-
vere (scores 10 to 17 according to Ferriman and Gallwey)
in most of the PCOS patients (hirsutism score: 17.00+1.13;
p<0.001) (25). Twenty-five patients with PCOS had severe
acne, moderate acne was observed in two patients and three
patients had mild acne (Acne (+) = 25 (83.3%); (Number,
%) (++) =2 (6.6%), (+++) = 3 (10%).
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In the statistical comparison of psychiatric evaluations of
PCOS and control groups, no significant difference was
found. All subjects had normal anxiety and depression scale
findings (p>0.05) (Table 1).

The patients and healthy women of SHBG, E2, tT, {T, A,
and DHEA-S were analyzed. The tT (p<0.02), fT (p<0.00),
and A (p<0.03) levels were significantly increased in the
PCOS group. There was no significant difference for other
hormones (Table 1).

As shown in Table 2, there were no statistically significant
differences in hormone levels in the PCOS patient groups
between pre- and post-treatment (p>0.05).

Table 1: The comparison of psychiatric evaluation and hormonal
parameters of PCOS and control groups

Controls (n=20) PCOS(n=30) F P

Psychiatric evaluation

HDRS 0.9210.54 0.86+0.45 0.43 0.73
HARS 4.82+1.36 3.73+1.28 0.95 0.43
MMSE 29.04+0.92 28.66+0.43  0.10 0.95
Hormones
SHBG nmol/L 49.10+8.53 39.82+4.34  0.49 0.68
tT ng/dL 36.77£5.65 79.96£5.56  4.89 0.00
fT pg/mL 1.56+0.20 2.60+0.19 3.31 0.02
A ng/mL 1.41+0.19 2.32+0.20 3.14 0.03
E, pg/mL 62.92+£5.97 59.07+6.76  0.57 0.63
DHEAS ng/mL 2320.20+262.38 3208.69+£256.76 1.85 0.15

Data are expressed as the mean + SD. HDRS: Hamilton Depression Rat-
ing Scale 74 normal), HARS: Hamilton Anxiety Rating Scale (14{ nor-
mal), Standardized Mini Mental State Examination (MMSE) (241 nor-
mal), SHBG: Sex Hormone Binding Globulin (32-100 nmol / L), tT: Total
Testosterone (11-80 ng / dL), fT: Free Testosterone (0.29 - 3.18 pg / mL),
A: Androstenedione (0.10 - 3.08 ng / mL), E2: Estradiol (30-119 pg/ml),
DHEAS: Dehydroepiandrosterone Sulfate (1330-441ng / mL)

Table 2: The comparison between pretreatment and
posttreatment in the PCOS group for hormonal parameters

Hormone Pretreatment  Posttreatment F p
(n=20) (n=20)

SHBG nmol/L 33.00£3.00 47.50+£13.50  -1.38 0.39

tT ng/dL 65.50+6.25 96.00+13.25  -3.00 0.20

sT pg/mL 2.36+0.38 2.28+0.50 0.13 0.90

A ng/mL 2.50+0.64 3.45+1.08 -0.76 0.48

DHEAS ng/mL  2446.40+444.13  2249.20£659.22 0.53 0.62

Data are expressed as the mean + SD. SHBG: Sex Hormone Binding Glo-
bulin (32-100 nmol / L), fT: Free Testosterone (0.29 - 3.18 pg / mL), tT:
Total Testosterone (11-80 ng / dL), A: Androstenedione (0.10 - 3.08 ng /
mL), DHEA: Dehydroepiandrosterone Sulfate (1330-4410 ng / mL), TSH:
Thyroid Stimulating Hormone (0.27 - 4.20 mIU / mL)
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Table 3: The comparison of PCOS and control groups for metabolic parameters

Metabolic parameters Controls (n=20) PCOS pretreatment (n=30) PCOS posttreatment (n=30) F P

Fasting glucose (mg/dl) 83.90+0.9 88.24+1.57 85.32+3.25 2.26 <0.08
Fasting insulin (pU/ml) 3.56+1.54 9.74+0.83 7.51+3.21 5.29 <0.002
HOMA-IR 0.49+0.17 2.31£0.22 1.51+2.73 10.42 <0.001

Data are expressed as the mean + SD. HOMA-IR: Homeostasis Model Assessment

Table 4: The comparison of PCOS and control groups for EDA
measurements

EDA measurements (iztgg;s (I; ng)os) F P

SCFr (umho) 2.85+0.61 4.20+0.71 1.62 0.19
Tonic SCI,  righthand 8.41+0.62 12.42+0.68 8.94 0.00
(pmho) lefthand  8.16+0.43  10.85+0.63 6.27 0.00
Phasic SCL  righthand 7.35+0.70  12.47+0.84 8.71 0.00
(pmho) lefthand  7.3440.62 11.31+0.69 8.15 0.00

Data are expressed as the mean + SD. SCFr: skin conductance fluctuati-
ons, SCL: skin conductance level

Table 5: The comparison of pretreatment and posttreatment in
the PCOS group for EDA parameters

PCOS PCOS
EDA measurements pretreatment posttreatment F p
(n=30) (n=30)
SCFr (umho) 3.33£1.22 2.77 £0.68  0.69 0.50
Tonic SCL righthand 13.68+1.28 9.65+1.80  2.34 0.04
(umho)  Jefthand  11.63+0.92 8.25+1.01  2.40 0.04
Phasic right hand 14.06+1.72 9.25+2.01  3.59 0.007
SCL
(umho) lefthand  12.49+1.48 8.42+1.64  2.63 0.03

Data are expressed as the mean + SD. SCFr: skin conductance fluctuati-
ons, SCL: skin conductance level

Although there was no significant difference between the
groups for fasting glucose concentration (p>0.05), pre- and
post-treatment groups of PCOS had significantly higher
fasting insulin levels (p< 0.002) and HOMA-IR index (p<
0.001) than the control group (Table 3).

When fasting glucose levels were compared before and after
metformin treatment in PCOS patients, there was no sig-
nificant difference between fasting glucose levels. Howev-
er, fasting glucose concentration decreased after treatment
(p>0.08). Fasting insulin levels (p<0.002) and HOMA-IR
index (p<0.001) decreased significantly after metformin
treatment in PCOS patients compared to before treatment
(Table 3).

As shown in Table 4, tonic SCL (p<0.00) and phasic SCL
(p<0.00) were significantly higher in the pre-treatment

PCOS group than in the control group. The posttreatment
levels of tonic SCL and phasic SCL were found to be low-
er than the pre-treatment levels. Tonic SCL (p<0.04), and
phasic SCL (p<0.007) levels were significantly lower in the
posttreatment group when compared with pretreatment’s
(Table 5).

There were no statistically significant differences for SCFr
between PCOS and the control group (p>0.05) and between
the pretreatment and posttreatment levels in the PCOS
group (p>0.05).

Correlation analyses were performed for fasting blood glu-
cose level and SCL. There was no significant correlation be-
tween the groups for fasting glucose concentration and SCL.

DISCUSSION

The high incidence of insulin resistance in patients with
PCOS and the demonstration of the relationship between
some metabolic disorders and sympathetic activation have
popularized the idea that sympathetic activity may increase
in patients with PCOS, cause some PCOS symptoms, and
may be responsible for the etiopathogenesis of the disease.

In this study, we investigated the relationship between sym-
pathetic activity via SSR and insulin resistance in women
with PCOS. We also studied the effects of insulin resistance
treatment on SSR.

According to our findings, as expected, free testosterone, to-
tal testosterone, and androstenedione levels were higher in
the PCOS group than in the control group. There were no
statistical differences for SHBG, E2, and DHEA-S between
PCOS and control groups.

It has been reported that increased sympathetic nerve activ-
ity and secretion of catecholamines may stimulate the for-
mation of insulin resistance (26). In our study, the higher
HOMA-IR index and fasting insulin levels of patients with
PCOS before metformin treatment than the control group,
and after treatment, these values decreased.

Metformin had a reducing effect on sympathetic activity
and insulin resistance. So, treatment of insulin resistance
may improve both insulin resistance and PCOS symptoms
related to sympathetic activity. The ameliorative effect of
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metformin on insulin resistance has been attributed to its
increased activity of insulin receptor tyrosine kinase, glyco-
gen synthesis, and GLUT4 glucose transporters. It has also
been reported that metformin improves insulin sensitivity
by inhibiting lipolysis and reducing lipotoxicity in adipose
tissue (27).

It has been shown that metformin treatment in obese rats
can normalize the cholinergic response via muscarinic
acetylcholine receptors (M3) in pancreatic beta cells and
improve autonomic nervous system function in obese rats.
According to Franco et al.’s study, the healing effect of met-
formin in PCOS may also be mediated by the autonomic
nervous system (28, 29). In line with these studies, a de-
crease in fasting insulin and HOMA values was found in
our study, indicating an improvement in insulin resistance
levels with metformin treatment. The decrement in EDA
parameters after treatment also reflects a decrease in sym-
pathetic activity.

The relationship between PCOS and insulin resistance indi-
cates that insulin resistance may play a role in the etiopatho-
genesis of PCOS (30). Individuals with PCOS have higher
insulin resistance than women without PCOS. There is also
a positive relationship between androgen and insulin con-
centrations in PCOS (31,32). Hyperinsulinemia suppresses
SHBG synthesis in the liver. Metformin treatment has been
reported to decrease circulating androgen concentration
and increase SHBG concentration (33-35).

In our study, tonic and phasic SCL were higher in the PCOS
group than in the control group. The post-treatment levels
of tonic and phasic SCL were found to be lower than the
pretreatment levels. This result showed us that the treat-
ment improved SCL levels in PCOS patients. SCL level de-
creased with treatment, similar to healthy subjects. In the
study of Hashim et al., SSR latency was found to be lower
and SSR amplitude was higher in PCOS patients with obesi-
ty than in the obesity control group (10).

In non-obese PCOS patients, lower SSR latency and high-
er amplitude were detected in the non-obese control group
(10). In the study of Okyay et al., SSR amplitude was higher
in the PCOS group than in the control group. They report-
ed that these findings are due to increased sympathovagal
activity in PCOS patients (15). The findings of both studies
are consistent with our findings and show increased sympa-
thetic activity.

In the study of Dag et al., unlike our study, it was found
that SSR latency was prolonged and amplitude decreased in
PCOS patients compared to the control group. It was con-
cluded that this may be due to impaired parasympathetic
and sympathetic dysfunction in PCOS patients (16).
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In PCOS patients, higher SCL results from high hormone
levels and/or sympathetic hyperactivity. Our pateints had
normal BMI (non-obese). Non-obese patients showed sym-
pathetic hyperactivity and higher plasma epinephrine levels
(10). In our study, higher SCI levels and insulin resistance
may result from high sympathetic activity. Furthermore,
SCL was decreased with treatment in PCOS patients. In-
sulin resistance therapy was used in our patients. After the
therapy, plasma hormone levels didn’t change. So, insulin
resistance therapy may be responsible for decreased SCL or
low sympathetic activity in the post-treatment PCOS group.

Studies are reporting that metformin can be used as a treat-
ment, especially in obese women with PCOS (36). Although
the acute and chronic autonomic effects of metformin are
found to be contradictory, our study found that metform-
in had a reducing effect on sympathetic activity in patients
with insulin-resistant PCOS.

In conclusion, higher SSR was observed in PCOS patients
due to increased sympathetic activity. A decrease in SSR oc-
curred after treatment with the anti-glycemic-antidiabetic
agent metformin. This decrease indicates that metformin
has a reducing effect on sympathetic activity. So, treatment
of insulin resistance may improve both insulin resistance
and PCOS symptoms related to sympathetic activity.

Acknowledgments
The authors thank the volunteers who participated in the study.

Author’s Contributions

All authors were responsible for the conceptualization and design
of the study. All authors collected the data. Setenay Batir and Naz-
an Dolu analyzed the data. All authors contributed to the interpre-
tation of the findings and the writing process.

Conflict of Interest
The authors have no conflicts of interest to declare.

Financial Disclosure
This study was supported by the Erciyes University Research
Fund (TSY-10-3284).

Ethical Approval and Informed Consent

The study was approved by the Ethics Committee of Erciyes Uni-
versity Faculty of Medicine (2010/57). Written informed consent
was obtained from the patients who agreed to participate in the
study.

Peer Review Process
Extremely and externally peer-reviewed.

REFERENCES

1. Carmina E, Lobo RA. Polycystic ovary syndrome (PCOS): ar-
guably the most common endocrinopathy is associated with
significant morbidity in women. J Clin Endocrinol Metab.
1999; 84:1897-1899.



PCOS and Sympathetic Skin Response

10.

11.

12.

13.

14.

15.

16.

17.

Wild RA, Painter PC, Coulson PB, Carruth KB, Ranney GB.
Lipoprotein lipid concentrations and cardiovascular risk in
women with polycystic ovary syndrome. J Clin Endocrinol
Metab. 1985; 61:946-51.

Azziz R, Ehrmann D, Legro RS, et al. PCOS/Troglitazone
Study Group. Troglitazone improves ovulation and hirsutism
in the polycystic ovary syndrome: a multicenter, double-blind,
placebo-controlled trial. J Clin Endocrinol Metab. 2001;
86:1626-1632.

Dunaif A, Segal KR, FutterweitW, Dobrjansky A. Profound
peripheral insulin resistance, independent of obesity, in pol-
ycystic ovary syndrome. Diabetes. 1989; 38:1165-1174.

H Diri, F Bayram, Y Simsek. Does finasteride, as well as met-
formin, improve insulin resistance in PCOS? Endocr Abstr.
2015; poster 37.

Reaven GM, Lithell H, Landsberg L. Hypertension and as-
sociated metabolic abnormalities--the role of insulin resist-
ance and the sympathoadrenal system. N Engl ] Med. 1996;
334:374-381.

Fagius J. Sympathetic nerve activity in metabolic control—
some basic concepts. Acta Physiol Scand. 2003; 177:337-343.

Heider U, Pedal I, Spanel-Borowski K. Increase in nerve fibers
and loss of mast cells in polycystic and postmenopausal ova-
ries. Fertil Steril. 2001; 75:1141-1147

Lara HE, Ferruz JL, Luza S, Bustamante DA, Borges Y, Oje-
da SR. Activation of ovarian sympathetic nerves in polycystic
ovary syndrome. Endocrinology. 1993; 133:2690-2695.

Hashim ZH, Hamdan FB, Al-Salihi AR. Autonomic dysfunc-
tion in women with polycystic ovary syndrome. Iran ] Reprod
Med. 2015; 13(1): 27-34.

Edelberg R. Electrical activity of the skin. Its measurements
and uses in psychophysiology. In: Greenfield NS, Sternbach
RA, eds. Handbook of psychophysiology. New York, NY;
1972: 367-418.

Dolu N, Suer C, Ozesmi C, Kelestimur F, Ozcan Y. Electro-
dermal Activity in Hypothyroid Patients and Healthy Subjects.
Thyroid. 1999; 9(8): 787-790.

Boucsein W. Electrodermal activity. New York: Plenum Press;
1992.

Fredrikson M, Furmark T, Olsson MT, Fischer H, Anders-
son J, Langstrom B. Functional neuroanatomical correlates
of electrodermal activity: A positron emission tomographic
study. Psychophysiology. 1998; 35: 179-185.

Okyay RE, Cetintag B, Akdoner A, et al. The effect of oral
contraceptive use on sympatic nerve activity in patients with
polycystic ovary syndrome. Gynecol Endocrinol. 2022; 38(7):
592-597.

Dag ZO, Alpua M, Turkel Y, Isik Y. Autonomic dysfunction
in patients with polycystic ovary syndrome. Taiwan ] Obstet
Gynecol. 2015; 54; 381-384.

Rotterdam ESHRE/ASRM-sponsored PCOS Consensus
Workshop Group. Revised 2003 consensus on diagnostic cri-

teria and long-term health risks related to polycystic ovary
syndrome. Human Reprod. 2003; 19: 41-47.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Hamilton MA. A rating scale for depression. ] Neurol Neuro-
surg Psychiatry. 1960; 23: 56-62.

Folstein MF, Folstein S, McHugh PR. Mini mental state a prac-
tical method for grading the cognitive state of patient for the
clinician. J Psychiatric Res. 1975; 12:189-198.

Unlithizarci K, Karababa Y, Bayram F, Kelestimur F. The in-
vestigation of insulin resistance in patients with idiopathic hir-
sutism. ] Clin Endocrinol Metab. 2004; 89(6): 2741-2744.

Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani
F, Zenere MB. Homeostasis model assessment closely mirrors
the glucose clamp technique in the assessment of insulin sen-
sitivity. Diabetes Care. 2004; 23: 57-63.

Turner RC, Holman RR, Matthews D, Hockaday TD, Peto
J. Insulin deficiency and insulin resistance interaction in di-
abetes: estimation of their relative contribution by feedback
analysis from basal plasma insulin and glucose concentrations.
Metabolism. 1979; 28 (11): 1086-1096.

Aubert-Khalfa S, Roques J, Blin O. Evidence of a Decrease in
Heart Rate and Skin Conductance Responses in PTSD Pa-
tients After a Single EMDR Session: ] EMDR Prac Res. 2008; 6:
51-56.

Dolu N, Yuksek A, Sizer A, Alay M. Arousal and continuous
attention during Ramadan intermittent fasting. J Basic Clin
Physiol Pharmacol. 2007; 18:315-322.

Ferriman D, Gallwey JD. Clinical assessment of body hair in
women. ] Clin Endocrinol Meta. 1961; 21: 1440-1447.

Pliquett RU, Fasshauer M, Bluher M, Paschke R. Neurohu-
moral stimulation in type-2-diabetes as an emerging disease
concept. Cardiovasc Diabetol. 2004; 3:4.

Giannarelli, R., Aragona, M., Coppelli, A., & Del Prato, S.
(2003). Reducing insulin resistance with metformin: the evi-
dence today. Diabetes & metabolism, 29(4), 6528-6S35

Franco CCDS, Previate C, Trombini AB, Miranda RA, Barella
LF, Saavedra LP]J, et al. Metformin improves autonomic nerv-
ous system imbalance and metabolic dysfunction in monoso-
dium l-glutamate-treated rats. Front Endocrinol (Lausanne)
(2021) 12:660793

Yu, Y., Chen, T, Zheng, Z., Jia, F., Liao, Y., Ren, Y., ... & Liu, Y.
(2024). The role of the autonomic nervous system in polycys-
tic ovary syndrome. Frontiers in Endocrinology, 14, 1295061.

Dunaif A. Insulin resistance and the polycystic ovary syn-
drome: mechanism and implications for pathogenesis. Endocr
Rev. 1997; 18:774-800.

Dunaif A, Mandeli ], Fluhr H, Dobrjansky A. The impact of
obesity and chronic hyperinsulinemia on gonadotropin re-
lease and gonadal steroid secretion in the polycystic ovary
syndrome. J Clin Endocrinol Metab. 1988; 66:131-139.
Nestler JE, Strauss III JF. Insulin as an effector of human ovar-
ian and adrenal steroid metabolism. Endocrinol Metab Clin
North Am. 1991a; 20: 807-823.

Nestler JE, Powers LP, Matt DW, et al. A direct effect of hy-
perinsulinemia on serum sex hormone-binding globulin levels

in obese women with the polycystic ovary syndrome. J Clin
Endocrinol Metab. 1991b; 72: 83-89.

Turk J Diab Obes 2025; 9(1): 19-26



34. Ehrmann DA, Schneider DJ, Sobel BE, et al. Troglitazone 36. Unlithizarci K, Kelestimur F, Bayram F, Sahin Y, Tutus A

improves defects in insulin action, insulin secretion, ovarian (1999) The effects of metformin on insulin resistance and
steroidogenesis, and fibrinolysis in women with polycystic ovarian steroidogenesis in women with polycystic ovary syn-
ovary syndrome. J Clin Endocrinol Metab. 1997; 82:2108- drome. Clin Endocrinol. 1999; 51: 231-236.

2116.

35. Moghetti P, Castello R, Negri C, et al. Metformin effects on
clinical features, endocrine and metabolic profiles, and insulin
sensitivity in polycystic ovary syndrome: a randomized, dou-
ble-blind, placebo-controlled 6-month trial, followed by open,
long-term clinical evaluation. J Clin Endocrinol Metab 2000;
85:139-146.

Turk ] Diab Obes 2025; 9(1): 19-26



