CLINICAL STUDIES

Peripapillary and Subfoveal Choroidal Vascular Index in
Postmenopausal Women

Selda Celik Diilger'®, Ertugrul Koylii’®, Sezin Ertiirk AksakalP©, Sumeyra Koprubasi*®, Hiiseyin Levent Keskin’

ABSTRACT

Purpose: To evaluate changes in choroidal vascularity in postmenopausal women and to compare these parameters with those of
healthy women of reproductive age.

Materials and Methods: This prospective, observational, cross-sectional study included 51 healthy postmenopausal women and 51
healthy women of reproductive age. Choroidal images were obtained using extended depth imaging (EDI) mode on spectral-domain
optical coherence tomography (SD-OCT). Using a binarization method, luminal choroidal area (LCA), stromal choroidal area (SCA),
total choroidal area (TCA), and choroidal vascularity index (CVI) were calculated in both subfoveal and peripapillary regions. Age-
adjusted analyses were performed using analysis of covariance (ANCOVA) and quantile regression, as appropriate.

Results: The mean age was 55.4 £ 5.5 years in the postmenopausal group and 43.9 £ 2.5 years in the control group (p < 0.001).
In unadjusted analyses, there were no significant differences between the groups in subfoveal LCA, SCA, TCA, subfoveal CVI, or
subfoveal choroidal thickness (SFCT) (p > 0.05). Peripapillary LCA, SCA, TCA, and CVI were significantly lower in postmenopausal
women compared with controls (p =0.022, 0.012, 0.016, and 0.037, respectively). However, after adjustment for age, these peripapillary
differences were no longer statistically significant.

Conclusion: Postmenopausal women exhibited lower peripapillary CVI compared with premenopausal women; however, this difference
was no longer present after age adjustment, indicating that the observed reduction was driven by age rather than menopausal status.

Keywords: Menopause, choroidal thickness, choroidal vascularity index, optical coherence tomography.

INTRODUCTION

Menopause is defined as a 12-month period of amenorrhea
resulting from the physiological cessation of estrogen and
progesterone production, without any other identifiable
cause. ['! The presence of sex-steroid receptors in a tissue
identifies the cellular targets of sex-steroid hormones.
The transcriptional effects of estrogen, progesterone, and

androgens are mediated through specific receptors. The

presence of sex-steroid receptors in the human choroid
has been demonstrated by transcriptional studies. 3
Importantly, the expression of these receptors and their
subtypes may change in response to hormonal fluctuations
throughout life. Gender and age have been reported to
be associated with the density of sex-steroid receptors in

human choroidal endothelial cells, but not in stromal cells.
2]
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It is well known that women may be more susceptible to, or
conversely protected from, certain retinal diseases during
different hormonal phases. ¥ Idiopathic macular hole is
significantly more prevalent in postmenopausal women,
a trend that may be associated with the withdrawal of the
protective effects of estrogen on the vitreoretinal interface.
151 Postmenopausal women receiving hormone replacement
therapy (HRT) may have a lower risk of developing age-
related macular degeneration (AMD), possibly due to the
antioxidant effects of estrogen. (¢! Similarly, female sex
hormones appear to exert a protective effect on the optic
nerve, and early menarche and/or late menopause have
been associated with a reduced risk of primary open-
angle glaucoma and senile cataract. ®% In contrast, early
menopause has been linked to a higher prevalence of

glaucoma, AMD, and dry eye disease. ('

Previous studies have primarily focused on evaluating
subfoveal choroidal thickness in postmenopausal women;
however, to the best of our knowledge, no previous study
has assessed the choroidal vascularity index (CVI), which
is considered a more stable marker and less affected by
physiological variations. Therefore, the aim of this study
was to evaluate the subfoveal and peripapillary choroidal
structure in healthy postmenopausal women using extended
depth imaging optical coherence tomography (EDI-OCT)

combined with choroidal binarization analysis.

MATERIALS AND METHODS

This prospective, observational, cross-sectional study was
conducted between September 2023 and October 2024 at
the Gynecology and Obstetrics and Ophthalmology Clinics
of Ankara Etlik City Hospital. The study included women
diagnosed with menopause who were followed at the
Gynecology and Obstetrics Clinic, as well as healthy women
of reproductive age who presented to the Ophthalmology
Outpatient Clinic for routine annual examinations. Women
aged 4045 years with regular menstrual cycles were

included as the control group.

The study was approved by the local ethics committee
and conducted in accordance with the principles of the
Declaration of Helsinki. All participants were informed

about the study, and written informed consent was obtained.

The postmenopausal group consisted of 51 eyes from 51

women, while the control group included 51 eyes from 51

healthy women. Only the right eyes of the participants were
included in the analysis. Inclusion criteria were as follows:
age between 48 and 58 years for the postmenopausal
group; age between 40 and 45 years for the control group;
fulfillment of menopause criteria for the postmenopausal
group; sufficient image quality (signal strength index
>7/10) to allow reliable choroidal thickness measurements;

and no history of ocular disease or surgery.

Exclusion criteria for both groups included the presence of
systemic diseases; ocular conditions that could affect the
choroid (such as uveitis, glaucoma, or retinal and choroidal
diseases); a history of ocular surgery or trauma; use of
systemic medications; smoking; refractive error greater
than £3.0 diopters; use of hormone replacement therapy;

and pregnancy.

Allparticipants underwentacomprehensive ophthalmologic

examination, including best-corrected visual acuity
(BCVA), slit-lamp biomicroscopy, intraocular pressure
measurement, and autorefractometry (Visuref 150, Carl
Zeiss Meditec AG, Jena, Germany). Choroidal imaging
was performed using EDI mode on a spectral-domain OCT
device (Cirrus HD-OCT, Carl Zeiss Meditec, Dublin, CA,
USA). Axial length measurements were obtained using
optical biometry (Lenstar LS900, HAAG-STREIT AG,

Switzerland).

All OCT images were acquired between 9:00 and 12:00 AM
by a single experienced technician to minimize the effect
of diurnal variation. A single horizontal scan centered on
the fovea was obtained using the high-resolution HD 1-line
EDI protocol. Subfoveal choroidal thickness (SFCT) was
measured as the vertical distance from the hyperreflective
line corresponding to the retinal pigment epithelium (RPE)
to the inner surface of the sclera. The measurements of the
choroidal parameters were performed by two independent
masked ophthalmologist (S.C.D and E.K.) and the average

of these measurements was used for the analysis.

For peripapillary choroidal thickness measurements,
peripapillary OCT images were obtained using horizontal
and vertical scans centered on the optic nerve head with the

HD 5-line raster protocol.

Choroidal binarization was performed using the open-
source ImagelJ software (version 1.47; National Institutes
of Health, Bethesda, MD, USA). [l Horizontal OCT
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images centered on the fovea were selected for analysis and
converted to 8-bit format. The Niblack auto local threshold
was applied to enhance visualization of vascular lumens.
Each binarized image was converted to RGB format, and
luminal areas were identified using the color thresholding
tool. The total choroidal area (TCA), luminal choroidal area
(LCA), and stromal choroidal area (SCA) were calculated

within the central 1500-pum zone.

Peripapillary choroidal images were analyzed according to
the method described by Cetin et al. ') The peripapillary
region was binarized similarly to the foveal region using
a width of 1000 pum, and measurements were obtained
from the four quadrants surrounding the optic nerve head.
Dark pixels represented the LCA, whereas light pixels
represented the SCA. The choroidal vascularity index
(CVI) was calculated as the ratio of the luminal area to the

total choroidal area (Figure 1).

STATISTICAL ANALYSIS

Statistical analyses were performed using SPSS software
version 21 (SPSS Inc., Chicago, IL, USA). Data are
presented as mean + standard deviation or median (range),
as appropriate. The normality of data distribution was
assessed using the Kolmogorov—Smirnov test. Comparisons
between groups were performed using the independent
samples t-test for normally distributed variables and
the Mann—Whitney U test for non-normally distributed

variables.

To control for the potential confounding effect of age, an
analysis of covariance (ANCOVA) was performed, with
age included as a covariate when comparing choroidal
parameters between groups. A p-value <0.05 was

considered statistically significant.

RESULTS

The mean age was 55.4 + 5.5 years in the postmenopausal
group and 43.9 £ 2.5 years in the control group (p <
0.001). The demographic and clinical characteristics of
the two groups are summarized in Table 1. There were no
statistically significant differences between the groups in
terms of best-corrected visual acuity (BCVA), intraocular
pressure, or axial length (p > 0.05). The mean axial lengths

were 22.92 + 0.82 mm in the postmenopausal group and

23.13 + 0.93 mm in the control group (p = 0.156). The

mean duration of menopause was 6.7 = 4.4 years.

There were no significant differences between the groups
in subfoveal LCA, SCA, or TCA (p > 0.05). In contrast,
peripapillary LCA, SCA, and TCA were significantly
smaller in the postmenopausal group compared with
healthy controls (p =0.022, 0.012, and 0.016, respectively).
Subfoveal choroidal thickness values were 332.82 + 85.22
um in the postmenopausal group and 351.73 + 73.64 um in
the control group. No significant differences were observed
between the groups in terms of subfoveal CVI or SFCT (p >
0.05). However, peripapillary CVI was significantly lower
in the postmenopausal group than in the control group (p =
0.037) (Table 1).

After adjustment for age using analysis of covariance
(ANCOVA), no statistically significant differences were
observed between the groups in any peripapillary choroidal

parameters (Table 2).

DISCUSSION

Many organs and systems in the human body are affected
by the decline in sex hormones during the postmenopausal
period. Numerous studies have investigated the effects of
postmenopausal hormonal changes on the eye % The
choroid, which has the highest blood flow in the human
body, plays a critical role in the pathogenesis of various
chorioretinal diseases. Previous studies have evaluated the
effects of menopause [*!, pregnancy "%, and the menstrual
cycle 51 on subfoveal choroidal thickness. Although
choroidal thickness is widely used in clinical research,
it reflects the total choroidal structure without separately

assessing stromal and vascular components 6],

With increasing evidence supporting the involvement
of the peripapillary choroid in glaucoma, interest in this
region has grown, particularly in populations at increased
risk of glaucomatous optic neuropathy ", Experimental
and clinical studies suggest that estrogen deficiency
may contribute to optic nerve aging and glaucomatous
neurodegeneration through multiple mechanisms 1819,
However, data specifically addressing peripapillary
choroidal structure and vascularity in postmenopausal

women arc scarce.
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Figure 1: Enhanced depth imaging optical coherence tomography image of a postmenopausal woman. A: The region of interest

(ROI) of 1500 mm centered to the fovea was selected and binarized using the auto local threshold of Niblack to determine luminal
area. B: The peripapillary area was binarized similarly to the foveal area, but with a width of 1000 um, measurements were
obtained from the four sides of the optic nerve head border. Dark pixels represent LCA, and light pixels represent SCA. CVI was

calculated the proportion of the luminal area to the total choroidal area.
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Table 1. Demographic and clinical characteristics and unadjusted choroidal measurements of postmenopausal women and

healthy controls

Parameter Postmenopausal women (n = 51) Healthy controls (n = 51) p-value

Age (years) 554+5.5 439+25 <0.0012
Axial length (mm) 22.92 +0.82 23.13+0.93 0.1562
Menopause duration (years) 6.7+4.4 — —
Subfoveal CVI (%) 0.655 £ 0.006 0.650 £ 0.006 0.097°
Subfoveal choroidal thickness (pm) 329.8+16.31 354.11 £ 16.05 0.3832
Subfoveal luminal area (um?) 325,004 + 88,277 348,087 + 76,152 0.3282
Subfoveal stromal area (um?) 179,026 (58,820-306,840) 175,284 (15,710-313,366) 0.352b
Subfoveal total choroidal area (um?) 494,826 + 142,961 526,316 + 131,287 0.6222
Peripapillary CVI (%) 0.643 = 0.007 0.644 £+ 0.006 0.037»
Peripapillary luminal area (um?) 107,125 (57,257-207,385) 117,902 (71,921-198,355) 0.022»
Peripapillary stromal area (um?) 50,315 (35,255-128,711) 65,520 (34,111-116,124) 0.012"
Peripapillary total choroidal area (um?) 160,378 (99,870-334,055) 185,242 (106,229-308,572) | 0.016>

Data are presented as mean =+ standard deviation or median (range), as appropriate.

2 Independent samples t-test
b Mann—Whitney U test
CVI: choroidal vascularity index.

Table 2. Age-adjusted comparisons of choroidal measurements between postmenopausal and healthy control groups

Healthy control L.
Parameter Postmenopausal group Test statistic | p-value
group

Subfoveal CVI 0.655 +0.006 0.650 + 0.006 0.240 0.6272

Subfoveal choroidal thickness (pm) 329.8 £ 16.31 354.11 £16.05 0.766 0.384b

Peripapillary CVI 0.643 £ 0.007 0.644 + 0.006 0.000 0.9662

. 342.877.15 £

Subfoveal luminal area (pm?) 330.327.61 £ 16.862.55 0.191 0.663"
16.597.38
173.463.70 £

Subfoveal stromal area (pum?) 182.704.20 + 14.628.48 0.140 0.7122
14.398.44

. 519.067.64 +

Subfoveal total choroidal area (um?) 502.232.46 +28.093.28 0.124 0.726°

27.651.50
L . 102.529.11 +

Peripapillary luminal area (um?) 103.864.21 £ 6.315.70 0.100 0.753®
6.090.50

Peripapillary stromal area (um?) 58.192.40 + 3.413.14 58.758.32+3.291.43 | 0.010 0.921°

. . 161.287.60 +
Peripapillary total choroidal area (um?) | 163.056.57 + 9.482.29 0.144.18 0.030 0.862°

2 Quantile regression (q = 0.50) adjusted for age; values are presented as age-adjusted median + standard error
b Analysis of covariance (ANCOVA) adjusted for age; values are presented as adjusted mean + standard error
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In our unadjusted analyses, significant differences were
observed in the peripapillary choroidal parameters between
postmenopausal women and controls; however, these
differences were no longer statistically significant after
adjustment for age. Similarly, no significant differences
were detected between the groups in terms of subfoveal CVI
or SFCT. These findings suggest that the initially observed
peripapillary changes may be primarily driven by age-related
effects rather than menopause-related hormonal alterations.
The peripapillary choroid, which is closely associated with
the optic nerve head, is known to be particularly sensitive
to aging due to its distinct microvascular architecture and
dependence on autoregulatory mechanisms.?’ In contrast,
the subfoveal choroid may exhibit greater physiological
stability and compensatory capacity, potentially masking
subtle hormonal influences. Collectively, these results
indicate that aging may play a more dominant role than
menopausal status in determining regional choroidal

vascular characteristics.

Previous studies comparing subfoveal choroidal thickness
between premenopausal and postmenopausal women have
reported conflicting results 32223, While some authors
described significant choroidal thinning after menopause
[21-231 " others found no significant differences ¥, consistent
with our findings. These discrepancies may be explained
by methodological differences, including the cross-
sectional design of most studies, the known influence of
diurnal variation on choroidal thickness, and differences
in age distributions between study groups. Importantly,
since postmenopause represents an advanced stage of
life, separating the independent effects of aging from
hormonal changes remains challenging. The attenuation of
intergroup differences after age adjustment in our analysis
reinforces the concept that age-related choroidal alterations
substantially contribute to changes previously attributed
to menopausal status. It has been reported that choroidal
thickness does not change significantly between the ages of
20 and 60 but decreases after the age of 60 24,

Earlier studies suggested that choroidal thinning in
postmenopausal women may be secondary to reduced
estrogen-dependent vasodilatation in the ophthalmic artery
due to decreased estrogen levels 1. Improvement in ocular

hemodynamic parameters and increased ophthalmic artery

blood flow following estradiol replacement therapy have

been demonstrated using color Doppler imaging 2!,

CVI has emerged as a valuable marker providing detailed
information about both the vascular and stromal components
of the choroid, including the choriocapillaris, Sattler’s,
and Haller’s layers, and is less affected by physiological
variability than choroidal thickness !¢ Agrawal et al.
reported that an increased CVI reflects a relative increase
in the vascular component compared with the stromal
component 6, Conversely, a decreased CVI may result
from reduced vessel caliber, loss of large choroidal vessels,
or attenuation of the choriocapillaris 7). In our study, a
consistent trend toward reduced peripapillary CVI and
choroidal area components was observed in postmenopausal
women, suggesting a relative predominance of vascular
involvement. Although statistical significance was not
preserved after age adjustment, the consistent direction
and magnitude of change across parameters may suggest
a biologically meaningful pattern rather than a random

association.

Supporting this interpretation, Fathy et al. demonstrated
significantly reduced peripapillary vascular density in
postmenopausal women using OCT angiography and
identified estrogen levels as an independent predictor of
vascular density ['"”). Additionally, a study evaluating women
with premature ovarian failure reported significantly
reduced choroidal thickness compared with age-matched
controls, linking decreased sex hormone levels to increased

intraocular pressure and glaucoma risk 21,

Estrogen is thought to regulate aqueous humor dynamics
and vascular tone through nitric oxide synthesis, consistent
with the lower intraocular pressure observed in users of
estrogen-only hormone replacement therapy. Several reports
indicate that the age at menopause onset is associated with
the risk of developing glaucoma 3% Experimental studies
have also demonstrated neuroprotective effects of estrogen,
including restoration of mitochondrial function, reduction
of oxidative stress, and decreased retinal ganglion cell
loss U, Although the role of the choroid in glaucomatous
optic neuropathy remains unclear 5231, impaired choroidal
blood flow has been associated with glaucoma in several
studies *+%1, and peripapillary choroidal thickness has been
proposed as a potential marker for early disease detection

3637 In this context, alterations in peripapillary CVI
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may reflect early microvascular vulnerability of the optic
nerve head. Such vascular changes may precede structural
damage, such as retinal nerve fiber layer (RNFL) thinning,
suggesting that peripapillary CVI could serve as a potential
early biomarker of subclinical vascular compromise in

postmenopausal women.

In this context, the observed reduction in peripapillary CVI
in postmenopausal women may reflect combined effects
of aging and estrogen deficiency on choroidal vascular
structure. Although causality cannot be inferred, such
vascular alterations may represent one of several factors
contributing to the increased susceptibility to glaucoma

reported in postmenopausal women.

This study has several limitations. The relatively small
sample size and cross-sectional design limit causal
inference. In addition, inherent age differences between
postmenopausal and reproductive-age women may
introduce residual confounding, despite efforts to include
controls close to menopausal age. A major strength of this
study is the use of CVI, which allows a more reliable and
detailed assessment of choroidal vascularity with lower

variability compared to choroidal thickness alone.

In conclusion, postmenopausal women exhibited lower
peripapillary CVI and reduced total choroidal, stromal, and
luminal areas compared with reproductive-age women;
however, these differences were no longer present after
age adjustment, emphasizing the dominant influence of
aging on peripapillary choroidal structural and vascular
alterations. Future large-scale, longitudinal studies with
strictly age-matched groups are needed to further clarify
whether menopause has any independent effect on
peripapillary choroidal structure and its potential role in

glaucoma development.
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