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Abstract 

Purpose  The objective of this study was to evaluate anterior segment parameters across various phenotypes of poly-
cystic ovary syndrome (PCOS), considering body mass index (BMI), serum estradiol and testosterone levels.

Materials and Methods  This prospective study included 116 women with PCOS, with each of the four distinct 
phenotype comprising 29 women. Additionally, 29 healthy women were included in the control group. All partici-
pants underwent comprehensive ophthalmologic examinations, including intraocular pressure (IOP) measurements. 
Anterior segment parameters, such as central corneal thickness (CCT), axial length (AL), aqueous depth (AD), anterior 
chamber depth (ACD), and lens thickness (LT) were measured using optic biometry. Endothelial cell density (ECD) 
was assessed using non-contact specular microscopy. The BMI was calculated, and serum levels of estradiol and tes-
tosterone were noted.

Results  IOP was found to be significantly higher (p = 0.003) and CCT was significantly thicker (p = 0.004) in all phe-
notypes of PCOS compared to the control group. BMI, serum estradiol and free testosterone were found to correlate 
with both IOP and CCT. AL, AD, ACD and LT values showed no significant differences compared to the control group. 
Although ECD tend to be higher in the PCOS phenotypes, this difference was not statistically significant (p > 0.05).

Conclusion  Given our findings that CCT and IOP are significantly elevated in PCOS phenotypes. PCOS should be con-
sidered as an important factor when evaluating female patients for anterior segment diseases and glaucoma.
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Introductıon
Polycystic ovary syndrome (PCOS) is the most preva-
lent endocrinopathies affecting women of reproductive 
age and stands as one of the leading causes of infertility 
[1]. It is a diverse endocrine disorder characterized by 
irregular or absent menstrual periods, elevated androgen 
levels, and the presence of numerous small cystic fol-
licles beneath the ovarian capsule, as identified through 
ultrasonography [2]. PCOS is recognized as a risk factor 
for obesity, insulin resistance, metabolic disorders, and 
cardiovascular issues; it often involves insulin resistance 
and hyperinsulinemia, which contribute to increased 

*Correspondence:
Fatma Sumer
fatmasumer_@hotmail.com
1 Recep Tayyip Erdogan University, Faculty of Medicine, Department 
of Ophthalmology, Rize, Turkey
2 Recep Tayyip Erdogan University, Faculty of Medicine, Department 
of Gynaecology and Obstetrics, Rize, Turkey
3 Istanbul Gazıosmanpasa Training and Research Hospital, Istanbul G.O.P 
Training and Research Hospital, Istanbul, Turkey

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-024-03676-3&domain=pdf
http://orcid.org/0000-0002-4146-8190
http://orcid.org/0000-0002-4050-3193
http://orcid.org/0000-0001-8396-5542
http://orcid.org/0000-0002-3050-0714
http://orcid.org/0000-0002-3250-1606
http://orcid.org/0000-0002-4301-6104
http://orcid.org/0000-0003-1115-8359


Page 2 of 8Sumer et al. BMC Ophthalmology          (2024) 24:419 

androgen production and reduced sex hormone-binding 
globulin levels, playing a critical role in the development 
of hyperandrogenism [3].The NIH 2012 Evidence-Based 
Methodology Workshop on PCOS recommended clas-
sifying PCOS into four distinct phenotypes, adapting 
and broading the Rotterdam 2003 criteria. This approach 
aims to refine the characterization of PCOS, elucidate 
associated risk factors, maximize clinical care and deline-
ate peripheral effects [4].

Recent research showed that estrogen, progesterone, 
and androgens affect various eye structures such as the 
cornea, lens, iris, ciliary body, retina, lacrimal glands, and 
meibomian glands [5–7]. These hormones are believed 
to influence blood-retinal barrier regulation, neuropro-
tection, vascular regulation, and intraocular pressure 
(IOP) modification at the eye level, suggesting potential 
roles in the pathogenesis of various ocular disorders [8]. 
Recent advancements in ocular imaging techniques ena-
ble researchers to obtain high-quality images of anterior 
segment structures and assist in detecting changes across 
various systemic disease processes.

In the current study, we aimed to compare IOP, ante-
rior segment parameters, including axial length (AL), 
aqueous depth (AD), anterior chamber depth (ACD), and 
lens thickness (LT), specular microscopy findings, and 
central corneal thickness (CCT) between patients with 
distinct PCOS phenotypes and healthy individuals. Addi-
tionally, we evaluated the relationships between these 
findings and body mass index (BMI), serum estradiol and 
testosterone levels.

Materıals and methods
This prospective case control study was conducted at the 
outpatient ophthalmology clinic in ophthalmology and 
Obstetrics and Gynecology Clinics department of Recep 
Tayyip Erdogan University from August 2020 to July 2021 
and was approved by the local human research ethics 
committee (2020/243). All patients included in this study 
gave their informed consent, which adhered to the tenets 
of the Declaration of Helsinki, and written informed con-
sent was obtained from all subjects.

Our study enrolled 116 women diagnosed with PCOS 
and differentiated by sub-phenotypes, at the Obstet-
rics and Gynecology Clinics between August 2020 and 
July 2021. Additionally, we recruited 29 healthy volun-
teer women with regular menstrual cycles and normal 
ovarian morphology, employed at our hospital. None of 
the participants were pregnant. Detailed medical data 
and personal medical history were obtained from all 
participants.

PCOS diagnosis followed the Rotterdam 2003 Cri-
teria, encompassing oligomenorrhea (defined as more 
than 35 days between menses or experiencing eight or 

fewer menses per year), clinical and/or biochemical 
evidence of hyperandrogenism (evidenced by clinical 
symptoms such as hirsutism, acne, androgenic alopecia, 
or laboratory findings such as elevated serum total and 
free testosterone levels), and ultrasonographic evidence 
of polycystic ovaries (characterized by the presence of 
12 or more follicles measuring 2–9  mm in diameter 
and/or increased ovarian volume exceeding 10 mL). A 
single ovary meeting these criteria was deemed suffi-
cient for a PCOS diagnosis.

Phenotyping was conducted subsequent to PCOS 
diagnosis, identifying four distinct phenotypes: A, B, 
C, and D [4]. Phenotype A fulfilled all three criteria 
(menstrual irregularity, hyperandrogenism, and PCO 
appearance on ultrasound), Phenotype B presented 
with menstrual irregularity and hyperandrogenism 
without ultrasound evidence, Phenotype C exhibited 
hyperandrogenism and PCO appearance on ultra-
sound, and Phenotype D demonstrated only menstrual 
irregularity and PCO appearance on ultrasound with-
out hyperandrogenism. Patients were categorized into 
one of these four groups based on phenotypic criteria, 
and their information was recorded accordingly.

Following diagnosis at the Obstetrics and Gynecology 
Clinics, patients underwent necessary ultrasound and 
laboratory assessments. Venous blood samples were 
collected from women during the early follicular phase 
of their menstrual cycle (days 3–5), either after the 
onset of spontaneous menstruation or progesterone-
induced bleeding. These samples were obtained from 
the antecubital veins between 08:00 and 09:00 in the 
morning, following a 12-h fast. Luteinizing hormone 
(LH), follicle stimulating hormone (FSH), estradiol, and 
total/free testosterone levels were measured.

Subsequently, patients included in the study were 
referred to the ophthalmology clinic, with no specific 
phenotype notified. Each patient was provided with a 
comprehensive ophthalmological examination, encom-
passing a fundus examination, biomicroscopy, tonom-
etry and determination of optimal visual acuity. IOP 
was measured using Goldman applanation tonometry 
(Nikon, Japan) in the morning between 9:00 and 11:00 
A.M. Ocular biometric parameters, including AL, AD, 
ACD, LT, and CCT were measured using non-contact 
ocular biometry, Lenstar LS 900 (Haag-Streit, Inc., 
Koeniz, Switzerland). One sample image is shared in 
Fig.  1. ECD was assessed using non-contact specu-
lar microscopy Tomey EM-4000 (Tomey Corporation, 
Japan). An experienced ophthalmic technician took five 
readings for each eye. The mean of the remaining three 
readings was utilized for analysis after excluding the 
highest and lowest values. Data from right eyes were 
used for the evaluation.
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Subjects with hormonal drug use or congenital or 
acquired endocrine disorders were excluded from the 
study. Furthermore, the study excluded participants with 
a history of contact lens use, glaucoma, ocular surgery, 
trauma, keratorefractive surgery, refractive errors greater 
than 2 diopters, or any anomalies related to the cornea, 
lens, or ocular surface.

Statistical analysis
Data were analysed with IBM SPSS programme. Com-
pliance with normal distribution within and between 
groups was analysed by Kolmogorov-Smirnow and Sha-
piro Wilk tests. Mann Whitney U test was used to com-
pare non-normally distributed data according to binary 
groups. Normally distributed data were analysed by one-
way analysis of variance and non-normally distributed 
data were analysed by Kruskall Wallis H test. Fisher’s 
exact test was used to investigate categorical data accord-
ing to groups, and multiple comparisons were analysed 
by Z test with Bonferroni correction. The relationships 

between quantitative characteristics that were not nor-
mally distributed were analysed with Spearman’s rho 
correlation coefficient. The results of the analyses were 
presented as mean ± standard deviation, median (mini-
mum—maximum) for quantitative data and frequency 
(percentage) for categorical data. Significance level was 
taken as p < 0.05.

Results
The study comprised a total of 116 patients in the PCOS 
group, with each phenotype consisting of 29 patients, and 
29 healthy women in the control group. The mean age 
was 22.02 ± 11 years (ranging from 17 to 28) in the PCOS 
group and 24.05 ± 08 years (ranging from 20 to 27) in the 
control group, with no significant difference in terms of 
age between the groups. There was no statistically signifi-
cant difference in age between the phenotypes and when 
compared with the control group. BMI, serum estradiol 
and free testosterone levels were compared between the 
groups. BMI and serum estradiol levels were significantly 

Fig. 1  Sample lens star image
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higher in PCOS phenotypes compared to the control 
group (p < 0.001). Free testosterone levels were signifi-
cantly higher in PCOS phenotypes except for pheno-
type D compared to the control group. (p < 0.001).Serum 
estradiol and free testosterone levels were compared 
between phenotypes, phenotype A was found to have a 
statistically significant difference (p = 0.002, p = 0.001).
BMI levels were compared, phenotype A had the highest 
value among phenotypes, but this did not cause a statisti-
cally significant difference between phenotypes (p > 0.05). 
Although free testosterone levels were higher in pheno-
type D than in the control group, this was not statistically 
significant (p > 0.05). These results are summarized in 
Table 1.

The comparison of anterior segment parameters of the 
subjects with different phenotypes of PCOS and control 
group are shown in Table  2. The CCT was found to be 
significantly thicker in all phenotypes of PCOS compared 
to the control group (p = 0.004). When phenotypes were 
compared among themselves, no statistically significant 
difference was found although CCT was higher in phe-
notype A (p > 0.05). Additionally, IOP was observed to 
be significantly higher across all phenotypes of PCOS 
in comparison to the control group (p = 0.003). When 
phenotypes were compared among themselves, IOP was 
found to be higher in phenotype A compared to other 
phenotypes, but this was not statistically significant 
(p > 0.05). The mean ECD measured in PCOS pheno-
types was 2745 ± 78.5, while in the control group it was 
2693.4 ± 69.01. Although higher in the PCOS phenotypes, 
this difference was not statistically significant (p > 0.05). 
Furthermore, the differences in AL, AD, ACD, and LT 
between groups were not statistically significant.

Table  3 demonstrates the correlation between IOP 
and CCT with BMI, serum estradiol, and free testoster-
one in patients with PCOS. BMI, serum estradiol and 
free testosterone were found to correlate with both IOP 
(p < 0.001; r = 0.234, r = 0.198, r = 326, respectively) and 
CCT (p < 0.01; r = 169, r = 204, r = 258, respectively).

Dıscussıon
In the current study, we investigated the differences in 
anterior segment parameters in subjects with various 
phenotypes of PCOS. Our observations revealed that 
both CCT and IOP are significantly elevated in sub-
jects with PCOS phenotypes, directly correlating with 
increasing levels of sex hormones. The differences in AL, 
AD, ACD, and LT between groups were not statistically 
significant.

Hyperandrogenism, a key feature of PCOS, contrib-
utes to exacerbating inflammation and oxidative stress, 
thereby significantly affecting cellular processes such 
as proliferation and differentiation [3]. The presence of 
sex steroid receptor mRNA has been observed in vari-
ous ocular tissues, including the lens, retina, cornea, 
iris, ciliary body, lacrimal and meibomian glands, eyelid, 
conjunctiva, and cornea, as demonstrated by Wickham 
et al. [9]. While the precise impact of sex hormones on 
the cornea remains unclear, reports suggest that cor-
neal epithelial and stromal fibroblasts express sex ster-
oid receptors, and the cornea responds to fluctuations in 
serum levels of androgens and estrogens [10]. Changes 
in corneal thickness and biomechanical properties dur-
ing menstrual cycle have been reported in previous stud-
ies. Kiely et al. observed that corneal thickening occurs 
on the second day of the menstrual cycle and around the 
time of ovulation. This thickening is followed by thin-
ning and a subsequent slight thickening on day 21. They 
suggested that these variations in corneal thickness are 
associated with fluctuations in estrogen levels [11]. Gol-
dich et al. reported that corneal hysteresis and corneal 
resistance factor were temporarily reduced during ovula-
tion. The cornea was thinnest at the start of the cycle and 
became thicker during ovulation and at the cycle’s end 
[12]. Cengiz Ozturk et al. evaluated corneal topography 
and densitometry characteristics in patients with PCOS 
and reported an intensification of corneal densitometry 
values ​​and alterations in keratometry data that suggest 
corneal ectasia [13].

Table 1  Comparisons of demographic and hormonal data among groups

PCOS Polycystic ovary syndrome, BMI Body mass index; *bold: statistically significant

t: One-way test of variance, k: Kruskall Wallis H test, a-c: No difference between phenotypes with the same letter (Bonferroni corrected Z test), Mean ± s. deviation, 
Median (min.-max.)

PCOS Phenotype A
(n = 29)

PCOS Phenotype B
(n = 29)

PCOS Phenotype C
(n = 29)

PCOS Phenotype D
(n = 29)

Control
(n = 29)

P-value

Age (years) 22.08(21–23)a 21.89(21.42–21.98)a 22.11(19–29)a 23.01(21–24)a 24.05(22–27)a 0.07t

BMI (kg/m2) 26.4(24–27)a 25.7(23–32)a 25.5(23–28)a 25.3(21–29)a 24.8(22–25)b 0.01*k

Estradiol (pg/ml) 86.3(83–95)a 65.5(63–73)b 52.6(50–54)b 46.7(43–49)b 32.6(28–34)c 0.001*k

Free testosterone
(pg/ml)

2.76(2.12–2.98)a 1.96(1.78–2.02)b 1.73(1.67–1.87)b 1.36(1.23–1.5)c 0.76(0.72–1.12)c 0.001*k
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Several studies have previously reported that patients 
with PCOS exhibit increased CCT [14, 15]. Hyperan-
drogenism and hyperinsulinemia, two primary compo-
nents of PCOS, lead to dysregulation of the insulin-like 
growth factor-1 (IGF-1) system. This dysregulation 
stimulates and promotes the proliferation of corneal 
cells [16]. Researchers found that an elevated IGF-1 and 
insulin levels were associated with increased CCT in 
women with PCOS [17]. They attributed the increased 
CCT values to the chronic low-grade inflammation and 
the modulation of keratocytes and the synthesis of the 
corneal stromal extracellular matrix. Additionally, they 
suggested that elevated levels of IGF-1 inhibit the cor-
neal endothelial pump, increase endothelial permeabil-
ity, and subsequently increase stromal swelling pressure 
[17]. Furthermore it is well-known that hormonal dis-
orders affect the tear film and ocular surface, subse-
quently resulting in dry eye disease. The tear film is 
essential for the lubrication, protection and metabolism 
of the cornea. Dysregulation in the tear film and ocu-
lar surface components may also lead to structural and 
biomechanical changes at the cornea level [8]. In our 
study, we observed that CCT was greater and corre-
lated with increasing levels of serum estradiol and free 
testosterone across all phenotypes of PCOS, with these 
effects being most prominent in Phenotype A. The 
androgen level in Phenotype A was statistically higher 
than in the other phenotypes (p = 0.001) and this was 
positively correlated with CCT elevation. Additionally, 
we found that the mean ECD was higher in the PCOS 
phenotypes compared to the control group, although 
this difference was not statistically significant. Balıkçı 
et al. reported that ECD values were lower in the PCOS 
group, while Dağ et al. reported that the hexagonal cell 
ratio in the corneal endothelium of PCOS patients was 

higher than in healthy controls, without reaching statis-
tical significance [18, 19].

In addition to CCT being an indicator of corneal rigid-
ity and significantly influencing the accuracy of IOP 
measurements obtained through applanation tonom-
etry, numerous human studies have found evidence that 
sex hormones affect IOP. Estrogens have been shown to 
have neuroprotective effects, reduce IOP, and increase 
ocular blood flow. Newman-Casey et al. concluded that 
estrogen-containing hormone replacement therapy may 
reduce the risk of primary open-angle glaucoma (OAG) 
in postmenopausal women [20]. Although the mecha-
nisms by which changes in sex hormones in PCOS mod-
ulate IOP are not fully understood, hyperandrogenism 
is primarily considered to play a role in elevated IOP. 
Alpogan et al. reported that supraphysiological doses of 
testosterone led to an increase in IOP in female-to-male 
transgender individuals [21]. Toker et  al. observed that 
higher serum testosterone levels were correlated with 
increased IOP in menopausal women [22]. Research-
ers reported that higher testosterone levels were linked 
with increased risk for OAG [23]. The mechanism by 
which testosterone increases IOP is believed to involve 
the reduction of eNOS activity in the trabecular mesh-
work and the suppression of aqueous humor outflow 
[24]. Since insulin resistance and obesity are contributors 
to PCOS, a higher BMI is a significant confounding fac-
tor in elevated IOP. According to a recent comprehen-
sive review, there appears to be a noteworthy correlation 
between elevated IOP levels and excess body weight [25]. 
Zainab et al. observed that patients with PCOS had sig-
nificantly higher BMI and exhibited higher IOP and CCT 
compared to age-matched females [26]. In our study, 
consistent with the literature, testosterone levels, BMI, 
and IOP were significantly higher in the PCOS group, 
with the most pronounced differences observed in phe-
notype A. We also investigated ocular biometric param-
eters including, AL, AD, ACD and LT; however, the 
differences in these parameters were not statistically sig-
nificant between PCOS patients and the control group.

The strength of this study lies in its evaluation of PCOS 
patients according to four distinct phenotypes within a 
prospective, single-center framework. However, limita-
tions include a relatively small population size, not con-
sidering the disease duration and the fact that ocular 
examinations were conducted at the same time of day, 
preventing the assessment of the effects of the circadian 
24-h CCT rhythm on IOP. Additionally, examinations 
were conducted with a single device, and measurements 
were not confirmed with another device.

In conclusion, the current study observed thicker 
CCT and elevated IOP in young women with PCOS, 
correlating with increasing levels of sex hormones. 

Table 3  The correlation of IOP and CCT with BMI, serum 
estradiol and free testosterone in patients with PCOS

PCOS Polycystic ovary syndrome, BMI Body mass index, CCT​ Central corneal 
thickness, IOP Intraocular pressure. *bold: statistically significant

r: Spearman’s rho correlation coefficient

IOP CCT​

BMI

  r  + 0.234  + 0.169

  p  < 0.001  < 0.001
Estradiol

  r  + 0.198  + 0.204

  p  < 0.001  < 0.001
Free Testosterone

  r  + 0.326  + 0.258

  p  < 0.001  < 0.001
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Ophthalmologists should be aware of the potential 
changes in anterior segment structures, particularly 
when planning refractive surgery, fitting contact lenses, 
or conducting glaucoma and keratoconus follow-up in 
patients with PCOS.
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