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ABSTRACT

Objective: To evaluate microstructure and vascularity of macula and optic disc in polycystic ovary syndrome (PCOS) by optical
coherence tomography (OCT) and OCT angiography (OCTA).

Study Design: Descriptive study.

Place and Duration of Study: Department of Ophthalmology and Department of Obstetrics and Gynecology, University of
Health Sciences, Yliksek lhtisas Training and Research Hospital, Bursa, Turkey between January and June 2019.

Methodology: Fifty-nine patients with PCOS and 35 healthy controls were enrolled in the study. Foveal avascular zone (FAZ), the
capillary density assessed in the superficial capillary plexus (SCP) and deep capillary plexus (DCP) in the macula and was also
measured in optic disc using the OCTA. The thicknesses of the retinal nerve fiber (RNFL), ganglion cell complex (GCC), and
macula were measured by OCT.

Results: The capillary density in the macula and optic disc region were not a significant difference between the PCOS patients
and healthy controls.The parafoveal superior, inferior, and temporal quadrant thickness was significantly higher in the study
group compared to control group (p=0.047, p=0.033,and p=0.033, respectively). In patients with PCOS, there were negative
correlations between IR and inferior RNFL, total and superior GCC thickness (r=-0.29 p= 0.027, r=-0.27 p=0.050, r=-0.31
p=0.029, respectively).

Conclusion: Although no microvascular macular abnormalities were seen in PCOS patients, the parafoveal thickness significantly
increased in all quadrants, except the nasal quadrant. In patients with PCOS, IR, dyslipidemia may affect the structural integrity

of the retina. Further longitudinal follow-up studies are needed to determine whether PCOS has any effect on OCTA findings.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is one of the most prevalent
endocrin disorders in women of reproductive age. The mean
prevalence is reported as 4-18%." The clinical manifestations
include irregular menstrual cycles, chronic anovulation, and
hyperandrogenism such as acne, hirsutism, and androgenic
alopeciawith characteristicimage of polycysticovariesonultra-
sonography.’ Polycystic ovary syndrome presenting with
insulin resistance (IR) and hyperandrogenism may cause
metabolic syndrome, which is a multifactorial condition of
obesity, hyperglycemia, dyslipidemia, diabetes mellitus (DM),
and cardiovasculardiseases.’
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Sex hormones have receptors in anterior segment structures
such as the conjunctiva, cornea, lens and also in the retina-. It
has been demonstrated that sex hormones affect the blood
flow through the retinal receptors and show retinal neuropro-
tection. Estrogen induces vascular relaxation while proges-
terone andtestosterone produce vasoconstriction.’

The previous optical coherence tomography (OCT) studies
have shown certain discrepancies in the peripapillary retinal
nerve fiber layer (pRNFL), macular thicknesses between the
patients with PCOS, and healthy controls.** In a study using
color Doppler USG, the ocular blood flow was found signifi-
cantly higher in the PCOS women than healty womens.® In
recentyears, OCT angiography (OCTA) has been introduced to
enable non-invasive visualisation of the blood flow. The OCTA
is a new imaging method based on the split-spectrum ampli-
tude-decorrelation angiography (SSADA) algorithm to provide
quantitative analysis of the microvascular structures of the
peripapillary region and macula by detecting motions of
erythrocytes and visualising blood flow using serial OCT
scans.’
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Retinopathy s a preclinical markerfor many systemic diseases.
Hormonal and metabolic disorders may induce retinal altera-
tionsin PCOS. However, to the best of authors’ knowledge there
is no study in the literature investigating ocular perfusion in
PCOS patientsby OCTA.

The aim of the present study was to investigate morphovas-
cular alterations in the retina in patients with PCOS using a new,
non-invasive retinal imaging method, OCTA; and identify the
possible relationship with biochemical and hormonal parame-
ters, thusunderstanding the preclinical effect of PCOS.

METHODOLOGY

This study was carried outamong 59 patients with PCOS, and 35
healthy women. This descriptive study was conducted at the
Department of Ophthalmology and Department of Obstetrics
and Gynecology, University of Health Sciences, Ylksek Ihtisas
Trainingand Research Hospital, Bursa, Turkey between January
and June 2019. The study protocol was approved by the local
Ethics Committee (No. 2019 /01-39; dated: 02/01/2019). A
written informed consent was obtained from all participants
before any examination. The study was conducted in accor-
dancewiththeprinciplesofthe DeclarationofHelsinki. The parti-
cipants with patients group underwent a detailed gynecological
examination and transvaginal ultrasonography. In accordance
with the 2003 Rotterdam criteria, the diagnosis of PCOS was
made based on the presence of at least two of the following
three feature; the exclusion of related disorders (i.e., Cushing
syndrome, androgen-secreting tumors): i) oligo/anovulation, ii)
clinical and/or biochemical hyperandrogenism, and iii) poly-
cystic ovaries on ultrasound. For both groups, exclusion criteria
were as follows: having a previous ocular surgery or trauma,
glaucoma, conditions affecting the optic nerve or retina, high
refractive errors; having a smoking history; having systemic
diseases such as systemic hypertension, coronary artery
disease, DM, lipid metabolism disorder, cerebrovascular

disease, cardiovascular event, or obesity; having hormonal
therapy or systemic agents, antihypertensives, antihyperlipi-
demics, corticosteroids, orantidepressants.

Data including age, weight, height, body mass index (BMI),
waist and hip circumferences, time to diagnosis of PCOS,
medicines used, history of ocular and systemic diseases, and
hormonal and laboratory test results were recorded. Insulin
resistance (IR) was calculated using the homeostatic model
assessment insulin resistance (HOMA-IR) formula [fasting
glucose (pUI/L) x fasting insulin (mmol/L)/22.5]. The patients
with a HOMA score of =2.5 were considered to have IR. The
modified Ferriman-Gallwey (mFG) score was used to identify
the degree of hirsutism. Blood samples were taken after a 12-
hour overnight fasting on days 3 to 5 of the menstrual cycle.
Biochemical and hormonal tests including serum glucose,
insulin, estradiol (E,), 17-hydroxyprogesterone (17-OHP), total
testosterone (TT), dehydroepiandrosterone sulfate (DHEA-S),
follicle-stimulating hormone (FSH), luteinizing hormone (LH),
total cholesterol (TC), low-density lipoprotein cholesterol (LDL-
C), high-densitylipoprotein cholesterol (HDL-C), triglyceride

(TG), thyroid-stimulating hormone (TSH), and prolactin levels
were performed.
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Figure 1: Impression of the deep capillary plexsus OCT angiogram of the
maculainapatientwith polycysticovarysyndrome (PCOS) (upper) andin
ahealthycontrol (below).

All study participants underwent a complete ophthalmologic
examination including the best corrected visual acuity, intraoc-
ular pressure (Goldmann applanation tonometry), biomicros-
copic and fundus examination. OCTA was performed by the
AngioVue Imaging System (RTVue XR Avanti; Optovue Inc.,
Fremont, CA, USA) using the SSADA algorithm. It utilises a light
source centred at 840 nm wavelength and 45 nm band width
with a scan rate of 70,000 per second.’ OCTA imaging of the
macula was obtained using a 6 x 6-mm scan. The superficial
capillary plexus (SCP) and deep capillary plexus (DCP) density
was measured in fovea, parafovea and perifovea according to
ETDRSzones (temporal, superior, inferior, nasal) using the algo-
rithm in computer software (Figure 1). Also FAZ area was auto-
matically measured. Using the 4.5 x 4.5 mm images, the vessel
density of the opticdiscregion was measured (Figure 2).

The thicknesses of the pRNFL and GCC, macula thickness and
volume were analyzed using a spectral domain OCT device
(Avanti RTVue-XR 100, Optovue Inc., Fremont, CA, USA). Peri-
papillary RNFL thickness was measured with a 3.45 mm diam-
eterring section. GCC thickness including inner plexiform layer
+ ganglion cell layer + nerve fiber layer was obtained by GCC
scanning protocol. The thickness map of the macula defined by
ETDRS as fovea area, parafoveal area and perifoveal area were
analyzed same device (Figure 3). The pupil was dilated with
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tropicamide %1 eye drop. All OCT and OCTA scans were
obtained from a single operator and same hour interval
(10:00-13:00).Each eye was scanned three times. Low-quality
images (defined as a SSI of <60 or a scan quality of <6) were
excluded. The best quality image parameters were used for
statisticalanalysis.
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Figure 2: Impression of the capillary plexsus OCT angiogram of optic disc
in a patient with polycystic ovary syndrome (PCOS) (upper) and in a
healthy control (below).
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Figure 3: Example of OCT image of the macular thickness map in 9 zones
according to ETDRS in a patient with polycystic ovary syndrome (PCOS)
(right)andinahealthy control (left).

Statistical analysis was performed using the SPSS Version 23.0.
Descriptive data were expressed in mean standard deviation
(SD), median(min-max),ornumberandfrequency.Kolmogorov-S-

mirnov test was used to assess whether the variables followed a
normal distribution. According to the normality test result, inde-
pendent samples t-test and Mann-Whitney U-test were used to
perform between-group comparisons. The Spearman correlation
analysis was performed to evaluate possible correlations among
thevariables. Ap-valuelessthan 0.05 was considered statistically
significant.

RESULTS

A total of 59 eyes of 59 PCOS patients, and 35 of 35 healthy
controls were included.The median follow-up was two months.
The median age was 22 years ranging from 17 to 37 in the PCOS
groupand23yearsranging from 18to40inthe controlgroup, indi-
cating no statistically significant difference (p=0.496). The body
weight and BMI values were also similar between the groups
(p=0.338 and p=0.133). The intraocular pressure was within
normal range in both groups. However, the mean mFG scores
(13.20+2.66) were statistically significantly higher in the PCOS
group (15.41+4.77) than the control group (p=0.006). Demo-
graphicand clinical characteristics and anthropometric measure-
mentsofbothgroupsareshowninTablel-a.

Table I-a: Demographic and clinical characteristics and anthropometric
measurements of PCOS and controlgroups.

. PCOS Control
Variable (n=59) (n=35) p-value
Age (years) 22 (17:37) 23 (18:40) 0.496°
Intraocular pressure . . a
(mmHg) 18 (14:22) 17 (15:21) 0.058
Height (cm) 162.73+5.68 163.64+4.33 0.428°
Weight (kg) 64 (43:125) 61 (48:72) 0.338°
(Blfg‘%?;ass index 2356 (15.77:41.77)  |22.77 (18.52:26.23) |0.133°
YZ;‘? circumference 67 (58:105) 66 (58:76) 0.163°
Hip circumference (cm) |97.58+10.69 95.67+3.46 0.212°
mFG score 15.41+4.77 13.20+2.66 0.006°
Data are given in median (min:max) and mean + standard deviation. a: Mann-
Whitney U-test; b: Independent samples t-test; PCOS: Polycystic ovary syndrome;
mFG: Modified Ferriman-Gallwey.

Table I-b: RNFL, GCC, macular thickness, for PCOS patients and healthy
controls.

PCOS Control

Variable (n=59) (n=35) p-value
RNFL thickness (um)

Superior 129 (78:178) 132 (111:161) 0.544°
Temporal 75.11+9.69 73.06+7.16 0.288°
Inferior 141.53+£21.29 145.06+14.73 0.391°
Nasal 102.21+£18.53 102.97+15.49 0.839°
Average 112.83+13.06 114.66+14.09 0.527°
GCC thickness (um)

Superior 98.75+6.89 97.63%7.11 0.490°
Inferior 101.06+6.39 98.29+7.03 0.076°
Total 100.08+6.27 97.97+6.74 0.162°
Macular thickness(um)

Superior parafoveal 325(292:357) 316.50(213:367) | 0.047°
Temporal parafoveal 311(277:340) 302(234:345) 0.033°
Inferior parafoveal 323(283:363) 314(215:360) 0.033°
Nasal parafoveal 323(290:361) 316.50(214:359) | 0.122°
Superior perifoveal 292.73+19.24 290.23+15.64 0.583"
Temporal perifoveal 275(233:336) 273.50(247:309) | 0.952°
Inferior perifoveal 282.50(246:341) | 281(257:314) 0.762°
Nasal perifoveal 307(278:345) 301.50(279:347) | 0.340°
Fovea 240.24+19.09 241.82+16.75 0.688°
Data are given in median (min:max) and mean * standard deviation. a: Mann-
Whitney U-test; b: Independent samples t-test; PCOS: Polycystic ovary
syndrome; RNFL: Retinal nerve fiber layer; GCC: Ganglion cell complex.
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Tablel-c.Quantitative OCTAanalysisresults.

PCOS Control

Variables (0=59) (0=35) p-value
Superficial vessel density, %
Whole-en-face 48.80%2.82 49.11+£2.49 0.596"
Fovea 17.74+6.40 17.67+5.02 0.959"
Parafovea 51.77+2.99 51.76%2.75 0.994"
Perifovea 52.30£2.45 51.94+4.75 0.360"
Deep vessel density, %
Whole-en-face 53.73+4.04 54.47+3.53 0.387"
Fovea 33.40+8.72 35.10+5.17 0.259"
Parafovea 56.70 (48.60:63.50) 57.70 (50.70:61.90) 0.283"
Perifovea 58.08 (51.60:63.70) 58.40 (50.70:63.80) 0.263*
Optic disc-associated capillary density, %
Whole-en-face 50.28+2.42 51.06+2.35 0.402"
Inside disc 51.65%3.57 50.52%4.90 0.139°
- 52.70 53.90 .
Peripapillary (43.30:63.90) (46.70:58.20) 0.137
El‘xfal avascular zone, 0.3120.11 0.29+0.08 0.226
Data are given in median (min:max) and mean * standard deviation. a: Mann-
Whitney U-test; b: Independent samples t-test; PCOS: Polycystic ovary syndrome.

Serum fasting blood glucose, fasting insulin, HOMA-IR, LH, TT,
and TSH levels were significantly higher in the PCOS group
(p=0.026,p=0.036,p=0.035,p=0.019, p<0.001and p=0.003,
respectively). The ratio participants with a HOMA-IR of =2.5
was 28.8% (n= 17) in the PCOS group versus 3% (n=1) in the
control group, indicating a statistical significant difference
(p=0.003). There was no statistically significant difference in
the thickness of pRNFL and GGC between the groups. The para-
foveal superior, inferior,and temporal quadrant tkickness were
statistically significantly higher in the PCOS patients compared
to healthy controls (p=0.047, p=0.033, and p=0.033, respec-
tively, Tablel-b).

Table I-c shows the quantitative analysis results of macularand
peripapillary OCTA scans. Although the mean FAZ was larger
in the PCOS patients (0.31+0.11 mm?) than the control group
(0.29+0.08 mm?), it did not show statistical significance
(p=0.226). There was no statistically significant difference in
the macular SCP and DCP densities of whole-en-face, fovea,
parafovea and perifovea between the PCOS patients and
healthy controls. In addition, the capillary densities of the optic
disc region in the whole image, the peripapillary and inside the
optic disc, and the peripapillary region were similar
(p=0.137,p=0.139, and p=0.402, respectively). Table Il shows
the correlation analysis results between PCOS biochemical and
metabolic parametersand OCT, OCTA parameters.

DISCUSSION

Capillary densities in the macula and optic disc in this study
were not different from healthy controls. There were some
significant differences in macular OCT findings among the
groups. It was found that parafoveal superior, inferior,and
temporal quadrant thickness was significantly higher in the
study group comparedto control group.

In the literature, morphology of the retina in patient with PCOS
have been previously investigated, but its microvascular struc-
tures have not been analysed. In the present study, the
morphovascular alterations in the macula and optic disc of
patients with PCOS using OCT and OCTA. PCOS-related
metabolic and endocrine disorders may potentially affect the

morphovascular parameters of the retina. Therefore, in the
present study, the possible correlation of PCOS with biochem-
ical and hormonal parameters was also investigated. In this
study, the IR was increased in PCOS patients compared to
healthy controls (28.8% vs. 3%, respectively). In addition, the
mean mFG scores, LH and TT levels, which are biochemical
markers of hyperandrogenisim, were significantly higherin the
PCOS patients.

In a previous study using OCT in PCOS patients, Acmaz et al.
reported an increased thickness of choroid and RNFL with
thicker nasal and temporal perifovea.’ The authors concluded
that nasal, temporal perifovea might be accepted as
susceptibleareasin PCOS patients.Similarly, Demiretal.found
increased thicknesses of pRNFL at superior and inferior quad-
rant in PCOS patients than healthy women.” In another study,
de Souza-Junior et al. compared macular and pRNFL thickness
between PCOS patients and healthy women and reported that
PCOS might be a protective factor in the pRNFL, possibly
throughtheaction of testosterone, whileitmightbeanaggres-
sive factor in the macular region and reduce the pRNFL thick-
ness when associated with metabolic abnormalities.? In this
study, similar thicknesses of RNFL and GCC was found
between both groups. Increased LH and androgen levels have
been shown to increase the nerve growth factor in PCOS.
Testosterone has also been even to have neuronal and glial
protective effects.’ In this study, although testosterone were
higher in the PCOS patients than healthy controls, the RNFL
and GCC thickness remained stable. This can be attributed to
the fact that the coexistence of IR may mask the neuroprotec-
tive effects of hyperandrogenisim.

Insulin plays very important role associated with the cell
metabolism, energy homeostasis, and neuronal functions.*
Despite established protective effects of insulin on retinal
nerves, there is no study investigating retinal neurodegenera-
tion in patients with IR." In previous studies including patients
with diabetes and metabolic syndrome, the reduced RNFL
thickness could be attributed to IR-relate
neurodegeneration.”Similarly, in this study, the presence of a
negative relation of the inferior RNFL and total and superior
GCC thickness with the HOMA-IR and insulin levels indicate
that IR might have exerted a degenerative effect on retinal
neurons. Furthermore, parafoveal region of the retina is a
metabolically active territory, which contains an abundant
amount of ganglion cells and macroglial cells consisting of
Muller cells and astrocytes and providing neuroprotection
metabolic support.” Under normal circumstances, Muller cells
and astrocytes are responsible for maintaining the structural
integrity and cellular functions of the retina.” In case of
diabetic retinopathy, glial cells have been shown to be affected
beforetheformationof neuronal cell degeneration, and activa-
tion of these cells release aberrant growth factors, reactive
oxygen species, and inflammatory cytokines, resulting in
retinal vascular dysfunction and neuronal degeneration.”
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Table II: Sperman correlation coefficient between PCOS biochemical and metabolic parameters and OCT, OCTA parameters.

OCT parameter | | Insulin | HOMA-IR | LbL-c | HDL-C | Tc | T6
Rnfl thickness (um)
Inferior [r, [-0.20 [-0.29 [-0.27 [-0.10 [ 0.02 [0.01
[ p ] 0.030 | 0.027 | 0.037 | 0.447 | 0.884 [ 0.991
GCC thickness (um)
Superior r, -0.35 -0.31 0.06 0.19 0.11 -0.12
P 0.014 0.029 0.671 0.184 0.474 0.417
Total r, -0.31 -0.27 0.07 0.20 0.10 -0.07
P 0.032 0.050 0.647 0.166 0.492 0.629
Macular thickness (um)
Parafovea temporal r, 0.03 0.04 -0.27 0.01 -0.25 -0.01
P 0.827 0.790 0.041 0.936 0.059 0.970
Parafovea nasal r, 0.02 0.03 -0.17 0.01 -0.27 -0.04
p 0.883 0.797 0.059 0.998 0.041 0.795
Fovea r, -0.13 -0.10 -0.43 0.12 -0.30 -0.10
P 0.345 0.450 0.001 0.378 0.021 0.449
OCTA parameter
Superficial vessel density, %
Fovea [r, [-011 [ -0.09 [-0.23 [0.14 [-0.15 [-015
[ p [ 0.324 | 0.404 | 0.040 [ 0.220 | 0.189 | 0.167
Deep vessel density, %
Whole-en-face r, -0.02 -0.01 -0.07 -0.01 -0.03 22
p 0.881 0.934 0.540 0.953 0.762 0.042
Fovea r, -0.14 -0.13 -0.20 0.21 -0.05 -0.06
P 0.202 0.244 0.065 0.050 0.658 0.615
, r, 0.01 0.00 .26 -0.11 0.11 -0.05
Foveal avascular zone, mm ) 0.938 0.969 0.022 0.326 0.320 0.644
r,Spearman correlation coefficient; HOMA-IR: E ic Model A Insulin e; LDL-C: Low-density lipoprotein chols ol; HDL-C: High-density lipoprotein ch ol; TC: Total chole ol; TG: Triglyceride.

In this study, although the thickness of GCC was similar
among the PCOS patients and healthy controls, increased
parafoveal thickness in women with PCOS can be attributed
to reactive astrogliosis due to elevated insulin levels and
hyperglycemia. The number and size of astrocytes and
cytoskeletal components have been shown to increase in
such cases.

It has been well documented that steroid hormones
increase the ocular blood flow.* In a study, Atalay et al.
examined the impacts of hormone replacement therapy on
ocular blood flow and found that the central retinal artery
pulsatility index values significantly decreased at three and
six months." In another study, Toker et al. evaluated the
effect of sex hormones on ocular hemodynamics on pre- and
post-menopausal women; and observed a positive, signifi-
cant correlation between elevated testosterone levels and
resistive index of the central retinal artery.'® Some authors
have also suggested that vascular tone is shifted from
vasodilatation toward vasoconstriction due to hyperandro-
genism in the early phase of PCOS."” Chekir et al. evaluated
uterine perfusion and its relationship with clinical and
biochemical parameters in PCOS patients and found signifi-
cantly higher uterine arterial pulsatility index in the patient
group compared to healthy controls.” In another study, Sahu
et al. found an inverse correlation between LH, TT, serum
fasting insulin levels and ovarian stromal arterial pulsatility
index in patients with PCOS.?" Oner et al. reported that
ocular pulse amplitude decreased in obese patients
compared to healthy controls, and also showed a negative
correlation with IR and could affect ocular blood flow.”” In a
study evaluating whether the presence of PCOS altered
ocular blood flow parameters using color Doppler images,
Ornek et al. found that ocular blood flow velocity increased
in women with PCOS and vascular resistance decreased only
in the ophthalmic artery.® Different from previous studies,
the present authors evaluated capillarys of the macula and

optic disc through non-invasive OCTA and found no signifi-
cant difference between the PCOS patient and healthy
controls. Of note, some authors have proposed that OCTA is
useful in identifying early vascular alterations in patients
with diabetes.” In a study evaluating vessel density in chil-
dren with type 1 diabetes having no signs of diabetic retino-
pathy by OCTA, Golcbiewska et al. showed no statistically
significant difference in the SCP and DCP among diabetic
and healthy children.* In a similar study using OCTA images,
however, Mameli et al. reported significantly lower capillary
densities in SCP and DCP with diabetic patients compared to
the control group.” There was no statistically significant
difference in retinal capillaries between PCOS and healthy
women in this study when compared with the control group,
consistent with the study of Golcbiewska et al.** This can be
attributed to the fact that, despite increased IR, this study
cohort included younger PCOS patients with unknown clinical
diabetes, obesity, or dyslipidemia without morphological
alterations in the retinal capillary network yielding numerical
vessel density data. Furthermore, it was observed a signifi-
cant correlation between the lipid profile and FAZ, macular
capillary network. This finding suggests that PCOS-related
endocrine and metabolic alterations may induce OCTA abnor-
malities in the long-term.

CONCLUSION

Although no microvascular macular abnormalities were seen
in PCOS patients, the parafoveal thickness significantly
increased in all quadrant except the nasal quadrant. In addi-
tion, morphovascular parameters of the optic disc region
were similar between the PCOS patients and healthy
controls.
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The study protocol was approved by the local Ethics
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PATIENTS' CONSENT:
Written informed consents were obtained from all partici-
pants before any examination.
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