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OBJECTIVES: To investigate whether any microvascular changes are present in optic disc, peripapillary or maculary regions in
healthy subjects with a family history of glaucoma.
METHODS: A total of 82 healthy subjects including 42 first-degree relatives of primary open-angle glaucoma (POAG) and 40
controls were enroled in this cross-sectional study. Global and sectoral vessel density (VD) measurements excluding large vessels,
retina nerve fibre layer (RNFL) and macula ganglion cell (mGCC) thicknesses were obtained from a combined optical coherence
tomography-angiography (OCT-A) and spectral-domain OCT system. Effect size (ES) was used for evaluating the magnitude of the
statistically significant difference. Area under receiver operating characteristic curves (AUCs) were used to examine the ability of
parameters to differentiate first-degree relatives to controls.
RESULTS: There was no significant difference in RNFL and mGCC thicknesses between groups. Although lower VD measurements
in optic disc, peripapillary region, and macula were observed in the first-degree relatives, statistically significant mean difference
(3.13 ± 0.87, p= 0.001) and large ES (0.80) were in only lower nasal sector of peripapillary region. Inter-eye asymmetry of supero-
nasal VD was also statistically higher (3.74 ± 2.55 vs 1.89 ± 1.64) with a large ES in the first-degree relatives (p < 0.001, ES= 0.86).
AUC for differentiating first-degree relatives from controls was highest for inter-eye asymmetry of supero-nasal sector VD (0.74, p <
0.001), followed by lower nasal sector VD (0.72, p < 0.001).
CONCLUSION: Compared to controls, first-degree relatives of patients with POAG were found to have significantly greater inter-eye
asymmetry in supero-nasal peripapillary VD and less VD in the lower nasal peripapillary region.
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INTRODUCTION
Glaucoma is one of the leading causes of irreversible vision loss
worldwide [1]. Although the pathogenesis of glaucoma is still not
exactly understood, elevated intraocular pressure (IOP) and
impairment of ocular blood flow are two main contributing
factors for its development and progression [2–4]. Optical
coherence tomography-angiography (OCT-A)—an innovative
technology using laser light reflectance of the surface of moving
red blood cells—allows the evaluation of retinal microcirculation
through different segmented areas in glaucoma with high level of
precision. Several studies have researched the differences in the
microvasculature of the optic nerve head (ONH), peripapillary
region, and macula among glaucoma, glaucoma suspects, and
healthy subjects. A gradual reduction in retinal vessel density has
been observed from healthy eyes to glaucoma suspect eyes to
primary open-angle glaucoma (POAG) eyes [5]. This finding
suggests that retinal vascular dropout may occur early in the
disease cascade. Therefore, understanding early events in the
glaucomatous process is essential to allow of early diagnosis.
A family history of glaucoma is a well-defined risk factor for the

development of glaucoma. Epidemiologic studies reported that
having a family history of glaucoma increased the possibility of
developing glaucoma. It was reported that first-degree relatives of

glaucoma patients had a 22% lifetime risk of developing glaucoma,
in comparison to 2.3% in relatives of normal controls [6–8].
In the current study, we aimed to reveal any microvasculature

change in healthy subjects having family history of glaucoma.
Based on this, we investigated the difference in microcirculation of
optic disc, peripapillary region and macula between healthy
subjects with and without POAG in their first-degree relatives.

MATERIALS AND METHODS
This prospective observational study received approval of the Ethics
Committee of SANKO University and was adherent to the tenets of the
Declaration of Helsinki. Before included in the study, the study protocol was
explained in detail. Written informed consent was obtained from each subject.
The study and control groups included healthy individuals with and

without POAG in their first-degree relatives, respectively. For the study
group, the individuals whose first-degree relative (parents or siblings) had
POAG with at least 1-year follow-up in this tertiary hospital were invited for
the study. Subjects who were admitted for refractive error or routine
ophthalmic examination and did not have a family history of glaucoma
were included in the control group. All subjects underwent extensive
clinical examination including assessment of best-corrected visual acuity,
slit-lamp biomicroscopy, intraocular pressure (IOP) measurement with
Goldmann applanation tonometry, central corneal thickness measurement
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(TRK-2P, Topcon Corp, Tokyo, Japan), gonioscopy, dilated fundus
examination, visual field testing by Standard Automated Perimetry
(Humphrey Field Analyzer;24-2 Swedish interactive threshold algorithm;
Carl Zeiss Meditech, Jena, Germany), spectral-domain optical coherence
tomography (SD-OCT; Avanti; Optovue, Inc), and OCT-A (AngioVue,
Optovue, Inc, Fremont, California, USA) imaging. Visual field testing was
performed within 1 week of clinical examination.
For all subjects, inclusion criteria were (1) aged ≥18 years, (2) best-

corrected visual acuity of 20/20 and a refraction less than 2.0 dioptres
sphere and 2.0 dioptres cylinder; (3) IOP less than 21mm Hg with no
history of elevated IOP; (3) open angle on gonioscopy; (4) normal
appearing optic disc, intact neuroretinal rim; (5) within normal (p > 5%)
measurements for retina nerve fibre layer (RNFL) and macular ganglion cell
complex (mGCC) analysis; (6) a reliable (≤15% false-positive and false-
negative results and ≤15% fixation losses) Standard Automated Perimetry
tests with the Humphrey 24-2 Swedish Interactive Threshold Algorithm
with a pattern standard deviation within 95% confidence-interval limits
and a glaucoma hemifield test within normal limits. Subjects with a history
of intraocular surgery, any retinal or optic disc pathologies, uveitis, ocular
trauma, any systemic disease including diabetes mellitus, systemic
hypertension, and neurological diseases or subjects using any systemic
medication were excluded. Any suspicious or unknown family history for
glaucoma was accepted as exclusion criteria for controls.
The OCT AngioVue system, consisting of a combined OCT-A and SD-OCT

system, was used for OCT-A image acquisition and processing. The device
characterizes the vascular structures of the retina at the capillary level. The
split-spectrum amplitude-decorrelation angiography method was used to
capture the dynamic motion of the red blood cells and provide a high-
resolution 3D visualization of perfused retinal vasculature. The OCT-A
characterizes vascular information at each retinal layer as an en-face
angiogram, a vessel density map, and vessel density in percentage,
calculated as the percentage area occupied by vessels in measured area,
using the commercial Optovue Angiovue system software (Optovue, Inc,
version 2018.0.0.14). Vessel density within the RNFL was measured from
the internal limiting membrane to RNFL posterior boundary after removal
of large vessels with radial peripapillary capillary slab. Whole en-face image
small vessel density in optic disc OCT-A scan was measured in the entire
4.5 × 4.5 mm image centred on the optic disc, and peripapillary small
vessel density was calculated in the region defined as 750 µm wide
elliptical annulus extending from the optic disc boundary. Peripapillary
small vessel density and corresponding RNFL thickness derived from the
same scans were recorded as eight sectors—upper nasal, lower nasal,
infero-nasal, infero-temporal, upper temporal, lower temporal, supero-
nasal and supero-temporal—provided by the device. Macular superficial
vessel density measurements were calculated in a slab from the internal
limiting membrane to posterior border of the inner plexiform layer.
Macular whole image vessel density measurements were calculated for 6 ×
6mm scans centred on the fovea. Parafoveal vessel density was measured
in an annular region with an inner diameter of 1 mm and an outer
diameter of 3.0 mm. Image quality was assessed for all OCT-A and OCT
scans. Images with a scan quality of ≥8/10 and without segmentation
failures or artifacts (e.g. irregular vessel pattern or disc boundary on the en-
face angiogram, and local weak signal) were only analyzed. Poor quality
images, which were defined as those with a signal strength index (SSI) <
45, were excluded from the analysis.
Only one randomized relative for per POAG patient was included for

analysis according to inclusion and exclusion criteria. For both groups,
one eye was randomly chosen for analysis. Inter-eye asymmetry values
were calculated as the ASdfghtween the right and left eyes;
│OD ‒ OS│.

Statistical analysis
Descriptive statistics were given as mean ± standard deviation (SD). The
normality of the data was assessed with Kolmogorov−Smirnov test. For
two groups comparison, independent samples t-test was used. In order
to find optimal cut-off points for some continuous variables in
discriminating groups receiver operating characteristic (ROC) curve
analysis was performed and area under curve (AUC) was calculated for
these points. IBM SPSS Statistics 23 was used for analyzing data. For ROC
analysis MedCalc statistical software demo version was used. A p value of
<0.05 was considered statistically significant. The effect size was used for
evaluating clinical significance in parameters with statistical significance.
The effect size was evaluated as Cohen’s suggestion that is d= 0.2 be
considered a ‘small’ effect size, 0.5 represents a ‘medium’ effect size and

0.8 a ‘large’ effect size [9]. A post-hoc power analysis was conducted to
assess the sufficiency of the sample size.

RESULTS
A total of 82 healthy subjects including 42 first-degree relatives of
POAG and 40 controls were included in the analysis. The
demographic and ophthalmic characteristics of the subjects are
summarized in Table 1. There was no significant difference between
groups with and without POAG in their first-degree relatives in terms
of demographic and ophthalmic characteristics. Also, SSI values for
optic disc and macula scans did not differ between groups.
Table 2 shows the vessel density and structural measurements

of the subjects. In optic disc analysis, vessel density in whole
image, peripapillary region, and upper nasal, lower nasal, and
supero-temporal sectors of peripapillary region were statistically
lower in the first-degree relatives of POAG patients with an effect
size varied from 0.48 to 0.80 (p= 0.004, p= 0.009, p= 0.011, p=
0.001, p= 0.028, respectively). In contrast to vessel density, RNFL
thickness in indicated peripapillary sectors did not differ between
groups. In macula analysis, whole image vessel density was
statistically higher in controls than in the first-degree relatives of
POAG patients (p= 0.023; effect size= 0.50).
Table 3 demonstrates inter-eye asymmetry of optic disc and

macular vessel density measurements. Inter-eye asymmetry of
small vessel density in inside disc, and also both lower temporal
and supero-nasal sectors of peripapillary region were statistically
higher in the first-degree relatives of POAG patients with an effect
size varied from 0.44 to 0.86 (p= 0.034, p= 0.043, and p < 0.001,

Table 1. The demographic and ophthalmic characteristics of the
subjects.

First-degree
relatives of
POAG patients
(n= 42)

Controls
(n= 40)

P value

Age 41.5 ± 11.9 38.5 ± 10.9 0.252

Sex (F/M) 24/18 23/17 0.420

Intraocular
pressure (mmHg)

14.3 ± 2.5 14.6 ± 1.9 0.339

Central corneal
thickness (µm)

534.9 ± 21.8 529.5 ± 18.5 0.270

Standard automated perimetry

MD (dB) −0.35 ± 1.09 −0.2 ± 1.3 0.268

PSD (dB) 1.6 ± 0.4 1.7 ± 0.2 0.779

ONH analysis

C/D Area ratio 0.14 ± 0.11 0.11 ± 0.09 0.309

C/D Vertical ratio 0.33 ± 0.23 0.31 ± 0.20 0.602

C/D Horizontal ratio 0.28 ± 0.20 0.26 ± 0.17 0.678

Rim area (mm2) 1.60 ± 0.28 1.61 ± 0.33 0.859

Disc area (mm2) 1.91 ± 0.40 1.82 ± 0.30 0.284

Cup volume (mm2) 0.06 ± 0.09 0.03 ± 0.03 0.135

Average RNFL
thickness (µm)

100.7 ± 8.27 103.4 ± 4.52 0.188

Average mGCC
thickness(µm)

100.9 ± 6.5 103.9 ± 6.59 0.159

SSI (optic disc scan) 58.5 ± 5.9 59.1 ± 6.3 0.50

SSI (macula scan) 62.7 ± 4.9 62.5 ± 3.7 0.44

C/D cup/disc, MD mean deviation, mGCC macular ganglion cell complex,
POAG primary open-angle glaucoma, PSD pattern standard deviation, RNFL
retinal nerve fibre layer, SSI signal strength index.
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respectively). No significant difference was found in inter-eye
asymmetry of vessel density in macula analysis.
In vessel density analysis, the AUC for differentiating between eyes

of first-degree relatives of POAG patients and controls was highest for
lower nasal sector of peripapillary region (0.72 ± 0.06, p< 0.001),
(Fig. 1a) followed by optic disc whole image vessel density (0.68 ±
0.06, p= 0.002), peripapillary vessel density (0.66 ± 0.06, p= 0.010),
supero-temporal vessel density (0.63 ± 0.06, p= 0.036), and upper
nasal vessel density (0.62 ± 0.06, p= 0.056).

In inter-eye asymmetry analysis, the AUC for differentiating
between eyes of first-degree relatives of POAG patients and controls
was highest for inter-eye asymmetry of supero-nasal vessel density
(0.74 ± 0.05, p< 0.001) (Fig. 1b), followed by inter-eye asymmetry of
inside disc vessel density (0.64 ± 0.06, p= 0.019), and lower temporal
vessel density (0.60 ± 0.06, p= 0.111).
Considering the inter-eye asymmetry of supero-nasal vessel

density in post hoc analysis, the power for the sample size used
was found to be 97%.

Table 2. Vessel density and structural measurements of the subjects.

First-degree relatives of
POAG patients (n= 42)
Mean ± SD

Controls (n= 40)
Mean ± SD

Mean difference (95% CI) P value
*ES (95%CI)

Optic disc analysis

Whole image VD (%) 49.9 ± 2.49 51.2 ± 1.44 1.34 ± 0.44 (0.44/2.23) 0.004

0.63 (0.18−1.07)

Inside disc VD (%) 50.63 ± 3.98 51.53 ± 3.31 0.90 ± 0.81 (−0.71/2.51) 0.270

Peripapillary

VD (%) 52.43 ± 2.79 53.8 ± 1.85 1.41 ± 0.52 (0.37/2.45) 0.009

0.57 (0.13−1.01)

RNFL (µm) 110.62 ± 10.3 118.4 ± 6.02 0.078

Upper nasal

VD (%) 50.22 ± 3.13 51.9 ± 2.80 1.70 ± 0.65 (0.39/3.01) 0.011

0.55 (0.12−1.0)

RNFL (µm) 108.62 ± 13.8 109.2 ± 4.76 0.465

Lower nasal

VD (%) 47.77 ± 4.58 50.91 ± 3.14 3.13 ± 0.87 (1.4/4.87) 0.001

0.80 (0.36−1.26)

RNFL (µm) 84.75 ± 14.53 89.2 ± 11.64 0.288

Infero-nasal

VD (%) 51.04 ± 4.38 52.62 ± 4.49 1.57 ± 0.98 (−0.37/3.52) 0.112

RNFL (µm) 138.5 ± 21.76 138.2 ± 26.24 0.490

Infero-temporal

VD (%) 58.82 ± 3.62 59.13 ± 2.57 0.30 ± 0.69 (−1.08/1.69) 0.661

RNFL (µm) 147.37 ± 27.3 153.52 ± 17.4 0.178

Upper Temporal

VD (%) 55.4 ± 3.58 56.8 ± 3.37 1.29 ± 0.77 (−0.13/2.92) 0.074

RNFL (µm) 76.5 ± 16.8 85.6 ± 8.26 0.144

Lower Temporal

VD (%) 53.09 ± 4.37 52.82 ± 4.32 0.27 ± 0.96 (−2.18/1.64) 0.779

RNFL (µm) 76.8 ± 15.4 85.0 ± 10.5 0.163

Supero-nasal

VD (%) 49.87 ± 3.52 50.32 ± 3.40 0.44 ± 0.76 (−1.07/1.97) 0.562

RNFL (µm) 130.8 ± 28.1 134.4 ± 20.7 0.407

Supero-temporal

VD (%) 56.19 ± 3.77 57.9 ± 3.18 1.72 ± 0.77 (0.18/3.26) 0.028

0.48 (0.04−0.92)

RNFL (µm) 126.8 ± 22.1 146.6 ± 14.3 0.053

Macula analysis

Whole image VD (%) 48.63 ± 3.47 50.19 ± 2.59 1.56 ± 0.67 (0.21/2.90) 0.023
0.50 (0.06−0.94)

Parafoveal VD (%) 51.09 ± 4.10 52.43 ± 2.48 1.34 ± 0.75 (0.15/2.84) 0.076

CIs confidence intervals, ES effect size, POAG primary open-angle glaucoma, RNFL retina nerve fibre layer, VD vessel density.
Bold entries show significant p values. Other bold value is effect size and its 95% confidence intervals.

P. Özyol et al.

84

Eye (2023) 37:82 – 87



DISCUSSION
In the present study, we aimed to observe possible microvascular
changes in optic disc, peripapillary region, and macula perfusion
by evaluating healthy individuals with a familial glaucoma risk. In
our results, although there was a statistical significance for optic
disc, peripapillary region in global (whole image and peripapillary)
and some sectoral areas (supero-temporal, lower nasal and upper
nasal), and macula, the differences did not reach a substantial
magnitude except lower nasal sector vessel density of peripapil-
lary region. The effect size of the lower nasal sector vessel density
of peripapillary region was found to be 0.80 (95% confidence

interval of 0.36 and 1.26) in the current study. The effect size, one
of the most important indicators of clinical significance, reflects
the magnitude of difference in outcomes between groups; a
greater effect size indicates a larger difference between study and
control groups [9]. Also, inter-eye asymmetry of supero-nasal
vessel density had statistical significance and demonstrated a
more notable difference with a large effect size of 0.86 (95%
confidence interval of 0.4 and 1.30). In a previous study using
sectoral analysis similar to the current study, the effect size of
peripapillary sectors which showed a statistically significant
difference between the glaucoma and control groups, even varied
from 0.51 to 0.92 [10]. Thus, the difference in lower nasal sector
vessel density of peripapillary region and inter-eye asymmetry of
supero-nasal vessel density seems noticeable, considering both
statistical difference and effect size.
Although the detailed mechanism has not been clarified exactly,

ocular perfusion alterations have been emphasized for the pathogen-
esis of glaucoma for years [11, 12]. It is not clear whether the
alterations in perfusion are a causative factor or a sign of decreased
metabolic activity of nerve fibres under stress. Reduced vessel density
is accepted as an outcome of impairment ocular perfusion that can
lead to RNFL and/or GCC loss chronically [11, 13, 14]. Supporting this
hypothesis, a gradual decrease in retinal vessel density in proportion
to glaucoma severity has been demonstrated [5, 15–17].
Subjects with a family history of glaucoma have a relative risk of

2.1 times [18]. First-degree relatives have an approximately 9-fold
increased risk of developing glaucoma, while family history has been
found positive in almost half of POAG patients [19]. The measure-
ment of vessel density, which has the potential to detect early
pathological changes, may also differ in subjects at risk (i.e. family
history) for POAG in which vascular dysregulation is accepted as an
important factor for the pathogenesis of the disease [11, 12].
Evaluating vessel density globally as well as in zones might reveal

disparities in subjects, particularly without structural or functional
damage. A regional variation in the alterations of RNFL thickness and
vessel density has been shown by Pradhan et al. [10] in eyes with
open-angle glaucoma. The authors investigated the relation between
RNFL thickness and vessel density in sectoral analysis and found both
RNFL thinning and vessel density decrease in infero-temporal, supero-
nasal, and upper nasal sectors in normal hemifield of glaucomatous
eyes. Thinner RNFL without reduced vessel density in supero-
temporal sector and reduced vessel density with normal RNFL
thickness in temporal upper sector was also reported. Moreover, a
similar alteration in macula was observed by authors as reduced
mGCC in both inferior and superior hemispheres with only reduced
vessel density in superior parafoveal region. Therefore, it can be
assumed that there may be regional variations in the alterations of
structural and vascular changes. Upon this, we evaluated sectoral

Table 3. Inter-eye asymmetry of optic disc and macular
measurements.

First-degree
relatives of
POAG patients
(n= 42)
Mean ± SD

Controls
(n= 40)
Mean ± SD

P value
*ES
(95% CIs)

Inter-eye asymmetry of vessel density in optic disc (%)

Whole image 1.48 ± 1.25 1.25 ± 0.64 0.295

Inside disc 3.49 ± 2.82 2.24 ± 2.40 0.034
0.47 (0.03
−0.91)

Peripapillary 2.13 ± 1.41 1.63 ± 0.95 0.061

Upper nasal 2.44 ± 1.77 2.05 ± 1.45 0.281

Lower nasal 2.50 ± 1.85 1.94 ± 1.43 0.136

İnfero-nasal 3.46 ± 2.78 2.97 ± 2.26 0.382

İnfero-temporal 2.80 ± 2.03 2.94 ± 1.71 0.724

Temporal upper 2.86 ± 2.14 2.06 ± 1.57 0.061

Temporal lower 3.22 ± 2.29 2.33 ± 1.57 0.043
0.44 (0.01
−0.88)

Supero-nasal 3.74 ± 2.55 1.89 ± 1.64 <0.001
0.86
(0.4−1.30)

Supero-
temporal

3.76 ± 2.33 3.30 ± 1.88 0.329

Inter-eye asymmetry of vessel density in macula (%)

Whole image 2.47 ± 2.16 2.26 ± 1.51 0.608

Parafoveal 3.31 ± 3.14 2.43 ± 1.70 0.117

CIs confidence intervals, ES effect size, POAG primary open-angle glaucoma.
Bold entries show significant p values. Other bold value is effect size and its
95% confidence intervals.

Fig. 1 Receiver operating characteristic curves of vessel density measurements. a Inter-eye asymmetry of supero-nasal vessel density,
b lower nasal vessel density. AUC, area under curve; VD, vessel density.
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vessel density measurements in healthy subjects having family history
of glaucoma to display regional variations and demonstrated a
considerable decrease in lower nasal vessel density measurements of
the first-degree relatives of POAG patients. In contrast to the study of
Pradhan et al. [10] who used an earlier OCT-A algorithm that included
large vessels along with capillaries in its estimation of vessel density,
in our study density of capillaries that supply the inner portion of the
peripapillary RNFL was analyzed without including large vessels by
actual software. We showed that peripapillary capillary vessel density
measurements excluding large vessels might be informative even in
the subjects with a family history of glaucoma. We also used the 6 × 6
mm scans for macula superficial vessel density measurements;
because comparative studies have shown that the 6 × 6mm scans
are better for the detection of glaucomatous changes, compared with
the 3 × 3mm scans [20, 21]. Despite a statistically significance in
macula whole image vessel density, the difference did not have a
sufficient effect size.
In a study investigating structure-function relationship by Akagi

et al. [22], the authors reported no difference in peripapillary vessel
density between the perimetrically intact regions of glaucomatous
eyes and healthy eyes, despite significant thinner RNFL measure-
ments. In contrast, reduced peripapillary vessel density in perime-
trically intact regions of glaucomatous eyes compared with healthy
individuals was reported by Pradhan et al. [10]. Chen et al. also
showed reduced peripapillary microcirculation in the normal hemi-
sphere of glaucomatous eyes with hemifield defects without a
significant difference in RNFL thickness using an optical microangio-
graphy, a different OCTA algorithm [23]. Using different methodol-
ogies in studies may lead to different results. Both structural and
vascular changes precede functional damage in glaucoma. However,
it is not clear that whether both structural and vascular changes occur
concomitantly or one triggers the other [12, 24]. In our study, we
showed that sectorial vessel density difference may occur in risky eyes
with undetectable change of RNFL. This may emphasize a consider-
able observation that peripapillary vessel density reduction may
precede RNFL thinning. A previous study of Yarmohammadi et al. [25]
who supported this hypothesis reported stronger correlation between
visual field mean sensitivity and vessel density in intact hemifield of
glaucomatous eyes than that of visual field indices, RNFL and GCC
thickness. Similar to the aforementioned study, it was reported that
OCT-A can detect early pre-perimetric glaucoma better than structural
OCT [5]. It can be speculated that reduced capillary density detected
by OCT-A can be a consequence of lower metabolism of dysfunc-
tional ganglion cells that can be very early event of glaucoma process.
However, structural OCT detects the RNFL thinning after the apoptosis
these ganglion cells undergo. Beyond this, we have observed lower
vessel density without RNFL thinning in lower nasal peripapillary
sector in the first-degree relatives of POAG patients, but we are still
not sure whether this difference is a reduction or an inherited factor.
Similar to previous studies [10, 26], nasal peripapillary vessel density
measurements were less than that of temporal region in all healthy
subjects in our study. This topographical characteristic of nasal versus
temporal radial peripapillary capillary and mostly inferior nerve loss
predilection in glaucoma may tend the lower nasal area more
vulnerable to vascular density differences. These speculations cannot
be confirmed according to the findings of this study because of its
cross-sectional design. Longitudinal studies are needed to elucidate
vascular density changes in first-degree relatives of POAG patients.
Although glaucoma is generally bilateral disease, it often shows

asymmetric features especially in its earlier stages [24, 27]. Asymmetry
has been described as an early sign of glaucomatous damage [28]. In
a previous study, greater inter-eye asymmetry of vessel density in
optic disc (whole image and circumpapillary) and macula (whole
image) scans was demonstrated in glaucoma suspects compared to
healthy eyes with no difference in inter-eye asymmetry of RNFL and
mGCC thickness [29]. In the current study, inter-eye asymmetry of
vessel density in supero-nasal sector was higher statistically with a

large effect size in the first-degree relatives of POAG patients
compared to controls. Also, ROC analysis of inter-eye asymmetry of
vessel density in supero-nasal measurements demonstrated the
highest discrimination value in healthy subjects with and without
family history of glaucoma (AUC; 0.74, p< 0.001). Inter-eye asymmetry
of supero-nasal sector vessel density may be a potential predictive
measure in subjects with a family history of glaucoma. However, the
course of inter-eye asymmetry of supero-nasal sector vessel density
should be evaluated in prospective studies with long-term follow-up.
Studies have shown that the diagnostic abilities of vessel density

and the structural measurements increased with increasing severity of
glaucoma [23, 30–33]. As expected, our AUC results were lower than
that of other studies. AUC for differentiating the first-degree relatives
of POAG patients from controls was highest for inter-eye asymmetry
of supero-nasal sector of peripapillary vessel density (0.74, p< 0.001)
followed by lower nasal sector of peripapillary vessel density (0.72, p
< 0.001). These findings may be a measure to discriminate subjects
with and without a family history of glaucoma.
The strength of this study is the strict criteria used in forming the

study group. All subjects underwent RNFL, mGCC thickness analysis,
and visual field testing to ensure participants with structural or
functional damage were excluded from the study. Analyzing only
capillaries using actual software of device is another important factor
increasing the strength of the current study. The vessel density
(capillary vessel density) and RNFL thickness measurements evaluated
in this study were based on the measurements automatically
provided by the software; as such, the sectors exactly matched with
each other (vessel density vs. RNFL thickness). Analyzing capillaries
with large vessels masking strategy can increase the capability of
vessel density to distinguish eyes of the first-degree relatives of POAG
patients from controls. No subjects using any medication were
analyzed since many systemic medications can influence vascular
density measurements. No significant differences were obtained
between the SSI values of both optic disc and macula scans between
groups, as the SSI showed a significant association with vessel density
measurements [20].
The limitation of this study is its relatively small sample size.

Although the sample size per group was small, sufficient power
value was obtained with this sample size using post-hoc power
analysis. Also, the study had a cross-sectional design, we could not
observe the changes in vessel density with time. The true
predictive value of the vessel density measurements in first-
degree relatives lies in whether they predict the eventual
development of glaucoma which can only be shown with a
longitudinal study. Another limitation is that only a proportion of
first-degree relatives develop glaucoma and it is uncertain
whether the current study included these subjects, which has
the potential influence on the results of the current study.
In summary, OCTA-derived sectoral vessel density measure-

ments may enhance the clinician’s approach in subjects with a
family history of glaucoma without detectable clinical, structural
and functional changes. Considering the discriminating ability and
statistical significance with a large effect size of inter-eye
asymmetry of supero-nasal sector peripapillary vessel density
and lower nasal sector of peripapillary vessel density, these indices
may be favourable parameters for follow-up of subjects with a
positive family history. Future larger studies with long-term follow-
up are required to validate our results using the OCTA’s ability of
reliably detect progressive changes in vessel density.

Summary
What was known before

● A gradual reduction in retinal vessel density has been
observed from healthy eyes to glaucoma suspect eyes to
primary open-angle glaucoma (POAG) eyes.
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What this study adds

● Increased inter-eye asymmetry of supero-nasal sector peripa-
pillary vessel density and reduced lower nasal sector of
peripapillary vessel density has been shown in the first-degree
relatives of POAG patients without any detectable clinical,
structural and functional changes.
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