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ABSTRACT | Purpose: Polycystic ovary syndrome is frequently
associated with autonomic nervous system dysfunction, even
in the absence of obesity or overt metabolic abnormalities.
Alterations in pupillary responses may reflect early autonomic
involvement and serve as a potential tool for early diagnosis,
risk stratification, and disease monitoring. This study aimed
to investigate pupillary reflex parameters using dynamic
pupillometry in newly diagnosed non-obese women with
polycystic ovary syndrome and to compare the findings with
those of healthy controls. Methods: This prospective cross-
-sectional study included 48 newly diagnosed women with
polycystic ovary syndrome and 44 age- and sex-matched
healthy controls. Pupillary function parameters were measu-
red using dynamic pupillometry (MonPackOne; Metrovision,
France). Results: The mean age did not differ significantly
between the groups (p=0.870). Initial pupil diameter,
pupil contraction amplitude, and contraction velocity were
significantly lower in the PCOS group than in the control group,
whereas pupillary dilation duration was significantly longer
(p<0.001, p<0.001, p=0.007, and p=0.032, respectively).
No significant differences were observed between the groups
regarding contraction latency, contraction duration, dilation
latency, or dilation velocity (p=0.749, p=0.925, p=0.653,
and p=0.310, respectively). Conclusion: Newly diagnosed
non-obese women with polycystic ovary syndrome exhibit
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significant alterations in pupillary dynamics, suggesting a
generalized reduction in both sympathetic and parasympathetic
activity. Dynamic pupillometry may represent a practical, no-
ninvasive tool for detecting early autonomic hypoactivity and
identifying patients at risk for future metabolic or cardiovascular
complications.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a common
endocrine disorder affecting women of reproductive age,
with a reported prevalence of approximately 6%-10%"2.
Despite extensive research, its complex pathophysiology
has not yet been fully elucidated. Clinical manifestations
of PCOSincludeamenorrhea, oligomenorrhea, hirsutism,
obesity, infertility, anovulation, and acne®. According
to the Rotterdam criteria, PCOS is diagnosed when at
least two of the following three features are present:
ovulatory dysfunction manifested as amenorrhea
or oligomenorrhea, clinical and/or biochemical
hyperandrogenism, and polycystic ovarian morphology
on ultrasonography, after exclusion of other endocrine
disorders®.

The autonomic nervous system (ANS) comprises
the sympathetic, parasympathetic, and enteric nervous
systems. The enteric nervous system, which primarily
regulates gastrointestinal function, acts in coordination
with the sympathetic and parasympathetic systems®.
The ANS plays a critical role in the development and
progression of PCOS by influencing follicular de-
velopment, steroid hormone secretion, and glucose
and lipid metabolism. Proposed mechanisms include
central nervous system activation via afferent pathways,
regulation of ovarian blood flow and hormone secretion,
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direct effects on ovarian function, and modulation of
inflammatory and immune responses®. Several studies
have demonstrated the importance of the ANS in
ovarian physiology, with increased sympathetic activity
reported in women with PCOS"9.

Pupillary diameter and light reflex responses are
regulated by the ANS through the iris sphincter and
dilator muscles. These functions can be objectively and
quantitatively assessed using automated pupillometry. In
recentyears, dynamic pupillometry hasbeenincreasingly
utilized in the evaluation of autonomic dysfunction®'.
However, to the best of our knowledge, no studies have
examined pupillary light reflex responses using dynamic
pupillometry in women with PCOS. Therefore, this study
aimed to evaluate pupillary reflex parameters in newly
diagnosed non-obese women with PCOS and compare
them with those of healthy controls.

METHODS

Thiscross-sectionalclinical study wasconductedatthe
Gynecology and Obstetrics Clinic of Necmettin Erbakan
University Faculty of Medicine Hospital between March
and June 2025. The study included 48 newly diagnosed,
treatment-naive women with PCOS aged 18-45 yr
who met the inclusion criteria. Only the right eyes of
participants were evaluated. All patients had a body mass
index (BMI) <30 kg/m2 and were diagnosed according
to the 2003 Rotterdam criteria, which include menstrual
irregularities (oligomenorrhea or amenorrhea), clinical
or biochemical hyperandrogenism, and polycystic
ovarian morphology on ultrasonography".

Exclusion criteria included endocrine disorders
(e.g., diabetes mellitus, Cushing syndrome, and
congenital adrenal hyperplasia); systemic diseases
(e.g., hypertension, cardiovascular or cerebrovascular
disease); gynecological conditions other than PCOS;
neurological disorders affecting pupillary function; optic
nerve disease; pupillary abnormalities (e.g., synechiae
and anisocoria); glaucoma; retinal or corneal disease;
history of intraocular surgery or ocular trauma; alcohol
or tobacco use; use of systemic medications affecting
pupillary function; obesity (BMI >30 kg/m2?); and a
history of COVID-19 infection within the preceding
6 months, confirmed by medical records and participant
declaration.

The control group consisted of 44 age- and sex-
matched healthy women who attended the same
hospital for routine gynecological examination. Inclusion
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criteria for controls included regular menstrual cycles
(21-35 days over the preceding 6 months), absence of
clinical or biochemical hyperandrogenism, and normal
ovarian morphology on ultrasonography. None of the
participants in either group was pregnant, as confirmed
by urine B-hCG testing before enrollment.

All participants underwent comprehensive gyne-
cological and ophthalmological examinations, including
best-corrected visual acuity assessment, slit-lamp
anterior segment examination, fundus examination,
and intraocular pressure measurement. All assessments
were performed during the follicular phase of the
menstrual cycle.

Pupillary light reflex responses were evaluated using
dynamic pupillometry (MonPackOne; Metrovision,
France). The device uses infrared illumination (880 nm)
and a high-resolution sensor to measure pupil parameters
in complete darkness. Pupillary responses were elicited
using white light stimuli (light intensity: 100 cd/m?; on/
off time: 200/3,300 ms) with a measurement precision of
0.1 mm. Measurements were performed between 09:00
and 11:00 to minimize circadian effects. Participants
underwent a 5-min dark adaptation period before
testing. The following parameters were recorded:
initial pupil diameter, pupil contraction amplitude,
contraction duration, contraction latency, contraction
velocity, dilation latency, dilation velocity, and dilation
duration (Figure 1).

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics version 22.0 (IBM Corp., Armonk, New York).
Data distribution was assessed using the Kolmogorov—-
Smirnov and Shapiro-Wilk tests. Group comparisons
for normally distributed variables were conducted using
the independent samples t test. A p-value <0.05 was
considered statistically significant.

RESULTS

The mean age of the 48 patients with PCOS included
in the study was 28.08 + 6.59 yr, while the mean age
of the 44 participants in the control group was 27.90 +
2.52 yr. There was no statistically significant difference
between the two groups in terms of mean age (p=0.870;
Table 1).

The initial pupil diameter was 5.87 + 0.46 mm in the
PCOS group and 6.45 + 0.51 mm in the control group.
Pupillary contraction amplitude was 1.90 + 0.28 mm
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Figure 1. Dynamic pupillometry recodings obtained from the right eyes of a healthy control (left) and a patient with PCOS (right), showing differences

in pupillary light reflex dynamics.

Table 1. Demographic characteristics and pupillary light reflex responses
in PCOS patients and healthy control subjects

PCOS Group Control Group
(n=48) (n=44) p-value
Age (yr) (mean + SD) 28.08 + 6.59 27.9 + 2.52 0.870°
Initial pupil diameter 5.87 + 0.46 6.45 + 0.51 <0.001"
(mm) (mean + SD)
Contraction amplitude 1.9 +£0.28 2.22 +£0.25 <0.001"

(mm) (mean + SD)

Contraction latency (ms) 244.25 + 50.44 247.50 + 46.52 0.749"

(mean * SD)

Contraction duration 615.27 + 106.1 0.925°

(ms) (mean + SD)

617.27 +£ 97.18

Contraction velocity 6.85 + 0.62 0.007"

(mm/s) (mean + SD)

6.38 + 0.95

Dilation latency (ms) 837.56 + 68.18 844.52 + 79.89 0.653"

(mean + SD)

Dilation duration (ms) 1611.44 + 84.05 1563.98 + 123.02 0.032°

(mean + SD)

Dilation velocity (mm/s) 2.09 + 0.35 0.310°
(mean + SD)

@ Tested using Student’s ¢ test.

2.01 £ 0.41

in the PCOS group and 2.22 + 0.25 mm in the control
group, while pupillary contraction velocity was 6.38 +
0.95mm/sand 6.85 + 0.62 mm/s in the PCOS and control
groups, respectively. Initial pupil diameter, pupillary
contraction amplitude, and contraction velocity were
significantly lower in the PCOS group than in the control
group (p<0.001, p<0.001, and p=0.007, respectively).
Pupillary dilation duration was significantly longer in the
PCOS group (1611.44 + 84.05 ms) than in the control
group (1563.98 + 123.02 ms; p=0.032).

Pupillary contraction latency was 244.25 + 50.44 ms
in the PCOS group and 247.50 + 46.52 ms in the control
group. Pupillary contraction duration was 617.27 +
97.18 ms and 615.27 = 106.10 ms, while pupillary
dilation latency was 837.56 + 68.18 ms and 844.52 +
79.89 ms in the PCOS and control groups, respectively.
Pupillary dilation rate was 2.01 + 0.41 mm/s in the
PCOS group and 2.09 + 0.35 mm/s in the control
group. No statistically significant differences were
observed between the two groups in terms of pupillary
contraction latency, contraction duration, dilation
latency, or dilation rate (p=0.749, p=0.925, p=0.653,

and p=0.310, respectively; Table 1).

DISCUSSION

In this study, we investigated autonomic dysfunction
in newly diagnosed, treatment-naive, non-obese young
women with PCOS using dynamic pupillometry. Because
obesity independently affects the ANS“?, only non-obese
patients were included to more clearly evaluate the
direct impact of PCOS on autonomic function. Our
findings demonstrated significantly reduced initial
pupil diameter, pupillary contraction amplitude, and
contraction velocity in the PCOS group compared with
healthy controls, along with a significantly prolonged
pupillary dilation duration.

The ANS consists of sympathetic and parasympathetic
components that play a critical role in maintaining
physiological homeostasis. Histological studies have
demonstrated ovarian innervation by both sympathetic
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and parasympathetic (vagal) nerves, including afferent
and efferent pathways"*'”. Consequently, the ANS
regulates ovarian function by influencing follicular
development, steroid hormone secretion, and glucose
and lipid metabolism, thereby contributing to the
pathophysiology of PCOS"Y. Several studies have
reported ANS dysfunction in women with PCOS®'®,

However, findings regarding the nature of autonomic
imbalance in PCOS remain inconsistent. Sverrisdéttir
et al."” reported significantly increased sympathetic
nervous system activity in patients with PCOS compared
with controls. Similarly, Yu et al.9), using heart rate
variability (HRV) analysis, demonstrated increased
sympathetic activity and reduced parasympathetic
activity in PCOS patients. In contrast, Di Domenico
et al.® reported impaired autonomic modulation in
response to sympathetic stimulation in young women
with the classic PCOS phenotype, a pattern typically
observed in older individuals.

Autonomic dysfunction in PCOS has been associated
with metabolic and cardiovascular complications,
including insulin resistance, hypertension, and increased
cardiovascular risk?®'. Additionally, ANS imbalance
may contribute to reproductive dysfunction and
hormonal disturbances characteristic of PCOS®°. In the
present study, evidence of early autonomic dysfunction
was identified in non-obese young women with PCOS,
suggesting that cardiovascular and metabolic alterations
may begin at an early stage of the disease.

Dynamic pupillometry provides an objective
assessment of ANS function by measuring pupillary
responses to light stimuli. To the best of our knowledge,
this is the first study to evaluate pupillary light reflex
parametersin PCOS patients using dynamic pupillometry.
Although the systemic effects of PCOS on the ANS are
well recognized, its impact on pupillary dynamics has
not been adequately investigated.

Quantitative evaluation of the pupillary light reflex
enables rapid assessment of both sympathetic and
parasympathetic activity. The initial pupil diameter,
representing the resting diameter in complete darkness,
is primarily regulated by sympathetic tone, whereas
pupillary contraction amplitude reflects parasympathetic
activity®”. In addition, pupillary dilation parameters
predominantly indicate sympathetic nervous system
function®?. Wang et al.”¥ reported that parasympathetic
dysfunction is characterized by prolonged contraction
latency and reduced contraction velocity and amplitude.
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Previous studies have reported decreased parasym-
pathetic activity in patients with PCOS. Yildirir et al.*¥
demonstrated impaired HRV parameters and reduced
parasympathetic activity in PCOS patients, while
Saranya et al.?® identified parasympathetic dysfunction
through cardiovascular autonomic function tests.
Consistent with these findings, the reduced contraction
amplitude and velocity observed in our PCOS cohort
suggest diminished parasympathetic activity. Moreover,
the smaller initial pupil diameter and prolonged dilation
duration observed in our study indicate reduced
sympathetic activity. Although these findings differ from
those reported by Hashim et al."® and Yu et al.®, they are
consistent with the observations of Di Domenico et al.®.

Possible explanations for these discrepancies include
differences in study populations, age distribution, body
mass index, and metabolic status. Importantly, our
study exclusively included newly diagnosed, untreated,
and non-obese individuals, suggesting that autonomic
dysfunction in early-stage PCOS may be characterized by
a generalized reduction in autonomic activity. Increased
sympathetic tone observed in later stages of PCOS may
be secondary to chronic metabolic disturbances or
prolonged hormonal imbalance.

The underlying mechanisms may involve complex
neuroendocrine interactions. Dysregulation of the
hypothalamic—pituitary—ovarian axis, chronic low-grade
inflammation, and insulin resistance may collectively
impair central autonomic regulation, leading to reduced
autonomic responsiveness. Furthermore, the phenotypic
heterogeneity of PCOS may explain divergent autonomic
profiles, with sympathetic hyperactivity predominating
in obese or metabolically compromised patients,
whereas non-obese women in early disease stages may
exhibit concurrent reductions in both sympathetic and
parasympathetic activity.

This study has several limitations. The sample size
was relatively small, and larger studies are required
to confirm these findings. Autonomic evaluation was
limited to pupillometry, and other ANS assessment
methods were not included. Additionally, the single-
center, cross-sectional design precluded long-term
follow-up, limiting the generalizability of the results.
Prospective longitudinal studies are needed to clarify
the clinical significance of pupillometric findings in
PCOS.

In conclusion, our study demonstrated early auto-
nomic dysfunction in newly diagnosed, treatment-naive,
non-obese young women with PCOS using dynamic
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pupillometry. This dysfunction was characterized by
reduced sympathetic and parasympathetic activity.
Given the association between autonomic imbalance
and metabolic and cardiovascular risk in PCOS,
dynamic pupillometry—being noninvasive, rapid, and
easily applicable—may serve as a valuable screening
tool for early detection of autonomic dysregulation.
Early identification of high-risk patients could facilitate
timely interventions aimed at preventing long-term
complications. Future studies should further explore the
pathophysiology and clinical implications of autonomic
dysfunction in PCOS.
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