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Abstract

Purpose To investigate the effects of iron deficiency

anemia (IDA) on radial peripapillary capillary vessel

density (RPCvd) and retinal nerve fiber layer (RNFL)

thickness.

Methods Forty patients with IDA, and 46 healthy

participants, were enrolled in this study. Optical

coherence tomography angiography was used to

determine RNFL thickness and RPCvdmeasurements.

In addition, hemoglobin (Hb), hematocrit (HCT),

mean corpuscular volume (MCV), mean corpuscular

hemoglobin (MCH), mean corpuscular hemoglobin

concentration (MCHC), and ferritin laboratory values

were evaluated.

Results Analysis of retinal regions (whole images,

peripapillary, superior-hemi, inferior-hemi, inferior-

nasal, inferior-temporal, temporal-inferior, temporal-

superior, superior-nasal) showed that RPCvd values

were significantly lower in patients with IDA com-

pared to the control group values (p\ 0.05 for all).

However, there were no significant differences in

RNFL thickness values between the IDA patient group

and the control group (p[ 0.05 for all). In addition,

there were significant positive correlations between

RPCvd values and hematological values for Hb, HCT,

MCV, MCH, MCHC, and ferritin.

Conclusion It is important to identify changes in

retinal vascularity to prevent possible ocular problems

in patients with IDA. Specifically, the significant

positive correlations between RPCvd values and

hematological values suggest that anemia treatment

is important for optic nerve perfusion.

Keywords Iron deficiency anemia � Optical
coherence tomography angiography � Retinal nerve
fiber layer � Radial peripapillary capillary

Introduction

Anemia is a disease that leads to a lowering of the

blood’s oxygen-carrying capacity, and it is a signif-

icant and widespread public health problem [1, 2]. Iron

deficiency anemia (IDA) is the most common cause of

anemia in children, women of childbearing age, and in

pregnancy [3, 4]. In IDA, defined by a low concen-

tration of hemoglobin (Hb) in the blood, hypoxia is

inevitable since the vascular system cannot carry

adequate oxygen throughout the body. As a conse-

quence of hypoxia, detrimental effects have been
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reported in various systems of the body, including the

eye [5].

Both neural and vasculature changes in the retinas

of anemic patients have been determined in recent

studies. Several studies have shown the effects of

anemia on ocular structures, especially the posterior

segment of the eye [6–10]. A higher risk for devel-

oping diabetic retinopathy was detected in anemic

diabetic patients compared to non-anemic diabetic

patients [11], and proliferative retinopathy has been

reported in both sickle cell anemia and thalassemia

[11, 12]. Choroidal thickness was determined to be

thinner in IDA patients compared to healthy subjects

[7, 13], and the thickness of the peripapillary retinal

nerve fiber layer (RNFL) was reduced in anemic

patients compared to healthy subjects [8, 9]. Anemia is

considered to be a significant factor for the progres-

sion, or development, of optic neuropathies via its

vascular and neural effects.

Optical coherence tomography angiography (OCT-

A) is a method that allows for the evaluation of the

radial peripapillary capillary (RPC) network [14].

OCT-A is a noninvasive imaging technique that

allows for the quantitative evaluation of microvascular

structures using a split spectrum amplitude-decorre-

lation angiography analytical algorithm.

The aim of the present study was to evaluate the

thickness of the RNFL and the RPC vessel density

(RPCvd) in patients with IDA using the OCT-A

system, and to compare these results with those of age-

and sex-matched healthy control subjects.

Methods

This prospective cross-sectional study was performed

in the Department of Ophthalmology at the Ulucanlar

Eye Training and Research Hospital, and at the

Internal Medicine Clinic of Ankara Training and

Research Hospital, between February 2019 and

December 2019. The study protocol was approved

by the Ethics Committee of the Ankara Training and

Research Hospital, and the study was conducted in

accordance with the ethical principles of the Helsinki

Declaration. Informed written consent was obtained

from all the participants.

Patients with IDA, and age- and sex-matched

control subjects, who referred to our ophthalmology

clinic from the Internal Medicine Clinic of Ankara

Training and Research Hospital were enrolled as study

group and control group, respectively. The diagnosis

of IDA was determined by laboratory findings: serum

Hb level\ 13 g/dl in men and\ 12 g/dl in women;

mean corpuscular volume (MCV) of\ 80 fL; mean

corpuscular hemoglobin (MCH) of\ 23 pg/erythro-

cyte; mean corpuscular hemoglobin concentration

(MCHC) of\ 32 g/dl; serum ferritin\ 30 ng/ml;

and serum transferrin saturation of\ 15% [15].

Subjects without the abnormal laboratory findings

described above were included in the study as controls.

All control subjects who had any systemic or ocular

disease were excluded from the study. Additionally,

patients who had any ocular disease, and any systemic

disease other than IDA, were also excluded from the

study. Subjects with a best corrected visual acuity

(BCVA) equal to or greater than 20/20 according to

the Snellen chart, and no history of any ocular problem

other than refractive errors equal to or less than 1.00

diopter spherical equivalent, were included in the

study. Participants with a history of smoking, drug,

and alcohol consumption, and any ocular surgery were

excluded from the study.

All patients underwent a detailed ophthalmological

examination including assessment of BCVA accord-

ing to the Snellen chart, anterior segment examination

with slit-lamp biomicroscopy, a dilated fundus exam-

ination, and measurement of intraocular pressure

using non-contact tonometry. After pupil dilation,

subjects were seated in front of an OCT-A scanner

(XR Avanti AngioVue; Version 2017.1.0.151; Opto-

vue, Fremont, California, USA), asked to fixate on its

internal target, and then examined. All subjects

underwent optic disk area measurement using the

optic nerve head (ONH) scan protocol. AngioVue disk

mode was used to obtain optic disk OCT-A images

using 4.5 9 4.5 mm fields. The device used two

ONH-centered concentric circles with diameters of

2 mm (inner) and 4 mm (outer) to automatically

calculate RPCvd (%) and RNFL thickness (lm)

between these rings (Fig. 1). The OCT-A device

provided these measurement values in eight equal

45 degree sectors (superior-nasal (SN), superior-tem-

poral (ST), temporal-superior (TS), temporal-inferior

(TI), nasal-superior (NS), nasal-inferior (NI, inferior-

nasal (IN) and inferior-temporal (IT) and two equal

hemispheres (superior-hemi and inferior-hemi). In

addition to these RPCvd measurements, vessel densi-

ties of inside the disk, and of the whole image were
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also calculated, and segmentation was automatically

located between the inner limiting membrane and the

RNFL to calculate RPCvd values. Patient retinal

images with poor characteristics, such as a low signal-

strength index (SSI\ 8), blink artifacts, motion or

doubling artifacts, and segmentation errors were not

included in the study. Only the right eye of each

subject was analyzed.

Statistical analyses

For statistical analyses, SPSS 24.0 software for

Windows (SPSS Inc., Chicago, IL) was used to

analyze outcomes. Descriptive statistics are presented

as means ± standard deviations, with values for

minimum and maximum data. Categorical variables

between groups were analyzed using the v2 test. The
distribution pattern of the variables was tested by

visual (histogram and probability graphs) and analyt-

ical (Kolmogorov–Smirnov/Shapiro–Wilk test) tools.

Independent-sample t tests were used for normally

distributed data, and the Mann–Whitney U test was

used for non-normally distributed data. Correlations

between parameters were tested either by the Pearson

correlation test for normally distributed data, or the

Spearman correlation test for non-normally distributed

data. A p value less than 0.05 was considered

statistically significant.

Results

Forty patients (35 female, 5 male) with a diagnosis of

IDA, and 46 age- and sex-matched healthy subjects

(37 female, 9 male) were enrolled in this case–control

study. The mean age was 42.2 ± 9.4 years (range

29–74) in the patient group and 45.8 ± 10.7 years

(range 23–68) in the control group. The age and sex

characteristics of both group were similar (p = 0.107

and p = 0.141 respectively).

The hematological features of the IDA and control

groups are shown in Table 1. There were significant

differences in all blood serum findings between the

Fig. 1 OCT-A device attaches two optic nerve head (ONH)

centered concentric circles with a diameter of 2 mm (inner) and

4 mm (outer) and calculates radial peripapillary capillary vessel

density (RPCvd) (%) and RNFL thickness (lm) between these

concentric circles automatically. The scan size was received

4.5 9 4.5 mm in this study
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IDA group and the control group, except for total iron-

binding capacity and transferrin levels.

The RPCvd values for the IDA and control groups

are shown in Table 2. RPCvd values for whole images,

peripapillary, superior-hemi, inferior-hemi, IN, IT, TI,

TS, and SN areas were significantly lower in patients

with IDA compared to the control group (p\ 0.05 for

all). There were no significant differences in RNFL

thickness values between the patient group and the

control group (p[ 0.05 for all) (Table 3).

Tables 4 and 5 show the correlations between blood

serum findings, RNFL thickness, and RPCvd values.

There were a limited number of significant correla-

tions between RNFL thickness and hematological

parameters, including red cell distribution width

(RDW), MCV, and MCH. However, there were

Table 1 Hematological features of IDA and control groups

IDA group (n = 40)

Mean ± SD (min–max)

Control group (n = 46)

Mean ± SD (min–max)

p valuea

Erythrocyte (million/lL) 4.53 ± 0.54 (3.6–6.6) 4.83 ± 0.35 (4.2–5.8) 0.003

Hb (g/dL) 9.28 ± 1.45 (6.5–10.4) 13.90 ± 1.15 (12.5–17.5) < 0.001

HCT (%) 31.99 ± 3.40 (24.0–38.0) 42.13 ± 3.68 (35.9–53.0) < 0.001

MCV (fL) 70.49 ± 10.66 (31.0–82.8) 85.68 ± 3.41 (78.0–95.0) < 0.001

MCH (pg/erythrocyte) 20.73 ± 3.61 (15.0–27.0) 27.92 ± 1.55 (24.2–31.0) < 0.001

MCHC (g/dL) 28.84 ± 2.00 (25.0–31.7) 32.38 ± 1.20 (30.0–35.0) < 0.001

RDW (%) 18.17 ± 2.65 (13.4–25.9) 13.87 ± 2.02 (12.0–22.0) < 0.001

Ferritin (lg/L) 6.23 ± 6.02 (2.2–15.7) 25.89 ± 17.23 (7.6–125.0) < 0.001

Iron (lg/dL) 30.80 ± 16.03 (13.0–65.0) 69.20 ± 25.33 (37.01–00.0) 0.003

UIBC (lg/dL) 404.9 ± 69.7 (271–511) 317.6 ± 69.8 (226–420) 0.04

TIBC (lg/dL) 435.7 ± 57.6 (336–526) 381.4 ± 42.4 (326–430) 0.087

TSAT (%) 7.54 ± 4.98 (2.9–14.4) 18.64 ± 8.50 (8.0–31.0) 0.007

Transferrin (mg/dL) 3.04 ± 0.40 (2.3–3.6) 2.75 ± 0.42 (2.28–3.2) 0.254

IDA Iron-deficiency anemia, Hb Hemoglobin, HCT Hematocrit, MCV Mean cell volume, MCH Mean corpuscular hemoglobin,

MCHC Mean corpuscular hemoglobin concentration, RDW Red blood cell distribution width, UIBC Unsaturated iron-binding

capacity, TIBC Total iron-binding capacity, TSAT Transferrin saturation, SD Standard deviation
aStudent t test

Table 2 Radial

peripapillary capillary

density of IDA and control

groups

RPCvd Radial peripapillary

capillary vessel density,

IDA Iron-deficiency

anemia, SD Standard

deviation
aStudent t test,bMann–

Whitney U test

RPCvd (%) IDA group (n = 40)

Mean ± SD (min–max)

Control group (n = 46)

Mean ± SD (min–max)

p valuea

Whole image 49.5 ± 2.8 (41.9–54.7) 50.9 ± 2.0 (44.1–53.8) 0.011

Inside disk 50.2 ± 3.9 (41.5–57.5) 50.7 ± 4.8 (41.3–62.0) 0.586

Peripapillary 51.1 ± 3.5 (43.9–57.9) 53.3 ± 2.3 (48.0–56.6) 0.001

Superior hemi 51.3 ± 3.9 (41.5–57.2) 53.3 ± 2.4 (48.3–57.4) 0.006

Inferior hemi 50.8 ± 3.4 (42.0–59.3) 53.4 ± 2.5 (47.5–57.8) < 0.001

Nasal-superior 49.3 ± 4.9 (37.7–59.7) 50.3 ± 3.8 (42.3–56.7) 0.266

Nasal-inferior 47.5 ± 4.5 (37.8–57.0) 49.1 ± 4.5 (38.8–57.0) 0.093

Inferior-nasal 49.7 ± 5.0 (39.7–62.8) 54.0 ± 3.4 (45.9–61.3) < 0.001

Inferior-temporal 56.3 ± 4.3 (43.2–65.4) 58.7 ± 3.2 (53.4–67.1) 0.005

Temporal-inferior 51.0 ± 3.9 (40.2–60.2) 53.0 ± 3.9 (43.8–59.7) 0.021

Temporal-superior 54.0 ± 4.0 (46.6–62.3) 55.9 ± 2.8 (49.5–59.9) 0.016

Superior-temporal 54.1 ± 5.3 (44.4–62.7) 56.4 ± 3.3 (47.8–62.3) 0.114b

Superior-nasal 48.5 ± 4.7 (37.9–58.1) 51.7 ± 3.4 (45.9–61.8) 0.001
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numerous significant positive correlations between

RPCvd values and hematological parameters, includ-

ing Hb, HCT, MCV, MCH, MCHC, and ferritin. Only

one significant negative correlation was determined

between RDW and RPCvd values.

Discussion

IDA is one of the most common nutritional deficien-

cies in the world, and it is characterized by blood’s

insufficient capacity to carry oxygen in the body [16].

The pathological effects of anemia can be seen in

various body systems, including the effects of hypoxia

on the eye [5]. In the present study, we investigated the

effects of IDA on RNFL thickness and RPCvd using

OCT-A assessment.

Recent studies have shown a variety of ocular

disorders in patients with IDA, such as central retinal

vein occlusion, papilledema, retinal hemorrhage, and

ischemic retinopathy [17, 18]. In addition, both

Simsek et al. [7] and Yumusak et al. [13] reported

choroid thinning in IDA patients compared to healthy

subjects. The neural RNFL is another tissue element

reported to become thinner in IDA patients compared

to the normal population [8, 9], and iron deficiency can

affect retinal dopaminergic neurotransmitter dysfunc-

tion [19]. Similarly, Monga et al. [20] reported longer

latencies in visually evoked potentials in anemic

pediatric patients. Moreover, investigations of b-
thalassemia by Heyderian et al. [21] concluded that

pathological ocular changes such as retinopathy,

reduced visual acuity, and color vision deficiency

could be consequences of anemia. All of these

perspectives suggest that tissue hypoxia and patho-

logical ocular outcomes are inevitable due to anemia

[22].

The RNFL and RPC network have a prominent

neurovascular relationship around the ONH. The

nourishment of the RNFL is provided by the RPC

network [23, 24], and this neurovascular relationship

is important for normal ganglion cell function [25, 26].

Glaucoma is a common ocular disease characterized

by retinal ganglion cell degeneration and decreased

RNFL thickness [27]. The vascular hypothesis of

glaucoma is that retinal ganglion cell axons undergo

oxygen insufficiency as a result of compromised local

blood flow, ultimately leading to their degeneration

[28]. Chen et al. [29] determined that ONH blood flow

was lower in patients with open-angle glaucoma than

in control subjects, and that there were correlations

between structural changes in the optic nerve and

RNFL blood flow. Similarly, Hwang et al. [30] found a

significant correlation between decreased retinal

blood flow and disease severity in glaucomatous eyes.

Even without glaucoma, reduced RNFL thickness has

been found in hypoxia-associated diseases such as

obstructive sleep apnea syndrome [31]. Taken

together, these studies support the idea of reduced

RNFL thickness under hypoxic conditions.

Various animal models have also been used to

investigate the effects of hypoxia on the retina.

Kurihara et al. [32] used animal models in which

hypoxia could be genetically induced in the retinal

pigmented epithelium and showed that hypoxia-

induced metabolic stress resulted in photoreceptor

Table 3 Retinal nerve fiber

layer thickness of IDA and

control groups

RNFL Retinal nerve fiber

layer, IDA Iron-deficiency

anemia, SD Standard

deviation
aStudent t test

RNFL (l) IDA group (n = 40)

Mean ± SD (min–max)

Control group (n = 46)

Mean ± SD (min–max)

p valuea

Peripapillary 114.5 ± 19.3 (94–186) 113.6 ± 10.3 (94–144) 0.805

Superior hemi 117.1 ± 23.6 (93–208) 112.6 ± 10.4 (91–143) 0.253

Inferior hemi 111.8 ± 16.0 (91–166) 114.6 ± 12.0 (93–148) 0.357

Nasal-superior 122.2 ± 33.7 (88–253) 111.7 ± 17.4 (74–160) 0.069

Nasal-inferior 99.0 ± 21.9 (62–177) 93.3 ± 15.6 (68–132) 0.170

Inferior-nasal 141.0 ± 24.9 (99–209) 148.1 ± 22.3 (94–205) 0.177

Inferior-temporal 139.2 ± 27.3 (100–226) 147.6 ± 23.0 (99–224) 0.130

Temporal-inferior 65.3 ± 11.4 (45–93) 69.1 ± 11.9 (46–110) 0.145

Temporal-superior 70.8 ± 15.1 (19–126) 73.5 ± 10.9 (50–106) 0.351

Superior-temporal 129.7 ± 23.7 (96–220) 129.7 ± 21.1 (85–169) 0.998

Superior-nasal 142.0 ± 44.1 (11–282) 139.0 ± 17.6 (107–181) 0.678

123

Int Ophthalmol (2021) 41:399–407 403



T
a
b
le

4
C
o
rr
el
at
io
n
s
b
et
w
ee
n
h
em

at
o
lo
g
ic
al

fe
at
u
re
s
an
d
ra
d
ia
l
p
er
ip
ap
il
la
ry

ca
p
il
la
ry

d
en
si
ty

v
al
u
es

ra
E
ry
th
ro
cy
te

(m
il
li
o
n
/l
L
)

H
b
(g
/

d
L
)

H
C
T

(%
)

M
C
V

(f
L
)

M
C
H

(p
g
/

er
y
th
)

M
C
H
C

(g
/d
L
)

R
D
W

(%
)

F
er
ri
ti
n

(l
g
/L
)

Ir
o
n
(l
g
/

d
L
)

U
IB
C

(l
g
/d
L
)

T
IB
C

(l
g
/d
L
)

T
S
A
T

(%
)

T
ra
n
sf
er
ri
n

(m
g
/d
L
)

R
ad
ia
l
p
er
ip
ap
il
la
ry

ca
p
il
la
ry

d
en
si
ty

W
h
o
le

im
ag
e

2
.2
7
0
*

0
.2
6
7
*

0
.1
7
2

0
.4
1
4
*
*

0
.4
5
6
*
*

0
.4
0
1
*
*

2
.4
4
7
*
*

0
.2
0
2

0
.0
5
3

0
.0
4
2

0
.0
6
4

0
.0
0
6

0
.0
7
3

In
si
d
e
d
is
k

-
0
.2
1
1

0
.0
7
8

0
.0
4
5

0
.1
7
8

0
.1
9
8

0
.1
5
5

2
.2
4
5
*

0
.0
9
0

-
0
.0
7
8

0
.0
9
7

0
.0
7
1

-
0
.1
0
8

0
.1
3
8

P
er
ip
ap
il
la
ry

-
0
.1
4
0

0
.3
4
6
*
*

0
.2
5
7
*

0
.4
1
4
*
*

0
.4
8
2
*
*

0
.4
3
3
*
*

2
.4
4
4
*
*

0
.2
6
8
*

0
.0
4
0

0
.0
2
3

0
.0
3
1

-
0
.0
0
5

0
.0
0
9

S
u
p
er
io
r-
h
em

i
-

0
.1
4
3

0
.3
2
8
*
*

0
.2
4
9
*

0
.4
0
0
*
*

0
.4
6
7
*
*

0
.4
2
5
*
*

2
.4
1
3
*
*

0
.2
5
1
*

0
.1
1
6

-
0
.0
4
4

-
0
.0
1
0

0
.0
5
6

-
0
.0
8
0

In
fe
ri
o
r-
h
em

i
-

0
.1
1
4

0
.3
3
7
*
*

0
.2
4
5
*

0
.3
9
0
*
*

0
.4
5
2
*
*

0
.4
0
1
*
*

2
.4
3
7
*
*

0
.2
6
5
*

0
.0
0
9

0
.0
6
6

0
.0
6
4

-
0
.0
2
8

0
.0
8
0

N
as
al
-s
u
p
er
io
r

2
.2
7
8
*

0
.1
1
3

0
.0
1
9

0
.2
3
8
*

0
.2
8
5
*
*

0
.2
8
4
*
*

2
.2
7
6
*

0
.2
0
5

-
0
.1
3
5

-
0
.0
1
4

-
0
.0
7
2

-
0
.1
5
8

-0
.1
3
8

N
as
al
-i
n
fe
ri
o
r

-
0
.1
5
9

0
.1
5
1

0
.0
5
5

0
.2
2
0
*

0
.2
7
0
*

0
.2
4
7
*

2
.3
2
2
*
*

0
.2
1
3

0
.1
3
2

-
0
.0
7
0

-
0
.0
6
1

0
.0
9
5

-0
.0
2
4

In
fe
ri
o
r-
n
as
al

-
0
.0
5
4

0
.3
8
7
*
*

0
.3
0
1
*
*

0
.4
0
0
*
*

0
.4
7
4
*
*

0
.4
6
3
*
*

2
.4
3
0
*
*

0
.3
5
6
*
*

0
.1
5
6

-
0
.1
7
6

-
0
.2
0
1

0
.1
3
6

-0
.1
6
8

In
fe
ri
o
r-
te
m
p
o
ra
l

-
0
.0
5
3

0
.2
4
5
*

0
.2
0
5

0
.2
7
3
*

0
.3
0
3
*
*

0
.2
2
8
*

2
.2
8
2
*
*

0
.1
4
6

-
0
.1
5
3

0
.1
1
0

0
.0
5
3

-
0
.1
3
0

0
.0
1
8

T
em

p
o
ra
l-
in
fe
ri
o
r

-
0
.0
7
0

0
.2
2
8
*

0
.1
9
7

0
.2
8
3
*
*

0
.3
0
1
*
*

0
.2
4
2
*

2
.2
4
2
*

0
.0
2
1

-
0
.2
8
8

0
.5
5
4
*

0
.6
2
2
*

-
0
.3
6
4

0
.6
1
4
*

T
em

p
o
ra
l-
su
p
er
io
r

-
0
.0
0
4

0
.3
5
3
*
*

0
.3
1
2
*
*

0
.3
5
2
*
*

0
.4
0
8
*
*

0
.3
4
3
*
*

2
.3
4
7
*
*

0
.1
4
2

0
.2
0
2

0
.1
2
7

0
.2
7
3

0
.1
4
7

0
.3
0
1

S
u
p
er
io
r-
te
m
p
o
ra
lb

-
0
.1
2
1

0
.1
6
4

0
.1
3
7

0
.2
1
0

0
.2
0
5

0
.2
0
4

2
.2
2
0
*

0
.2
9
3
*
*

0
.0
3
4

-
0
.0
5
8

-
0
.0
6
2

0
.0
8
1

-
0
.1
2
4

S
u
p
er
io
r-
n
as
al

0
.0
0
3

0
.4
1
9
*
*

0
.3
8
3
*
*

0
.4
6
6
*
*

0
.5
1
0
*
*

0
.4
5
0
*
*

2
.4
1
9
*
*

0
.2
5
8
*

0
.3
0
6

-
0
.1
7
3

-
0
.1
0
0

0
.2
2
7

-
0
.2
1
9

H
b
H
em

o
g
lo
b
in
,
H
C
T
H
em

at
o
cr
it
,
M
C
V
M
ea
n
ce
ll
v
o
lu
m
e,

M
C
H

M
ea
n
co
rp
u
sc
u
la
r
h
em

o
g
lo
b
in
,
M
C
H
C

M
ea
n
co
rp
u
sc
u
la
r
h
em

o
g
lo
b
in

co
n
ce
n
tr
at
io
n
,
R
D
W

R
ed

b
lo
o
d
ce
ll

d
is
tr
ib
u
ti
o
n
w
id
th
,
U
IB
C
U
n
sa
tu
ra
te
d
ir
o
n
-b
in
d
in
g
ca
p
ac
it
y
,
T
IB
C

T
o
ta
l
ir
o
n
-b
in
d
in
g
ca
p
ac
it
y
,
T
S
A
T
T
ra
n
sf
er
ri
n
sa
tu
ra
ti
o
n

a
P
ea
rs
o
n
co
rr
el
at
io
n
co
ef
fi
ci
en
t,

b
S
p
ea
rm

an
co
rr
el
at
io
n
co
ef
fi
ci
en
t

B
o
ld

v
al
u
es

in
d
ic
at
e
st
at
is
ti
ca
ll
y
si
g
n
ifi
ca
n
t
co
rr
el
at
io
n
s
(*
p
\

0
.0
5
,
*
*
p
\

0
.0
1
)

123

404 Int Ophthalmol (2021) 41:399–407



T
a
b
le

5
C
o
rr
el
at
io
n
s
b
et
w
ee
n
h
em

at
o
lo
g
ic
al

fe
at
u
re
s
an
d
re
ti
n
al

n
er
v
e
fi
b
er

la
y
er

th
ic
k
n
es
s
v
al
u
es

ra
E
ry
th
ro
cy
te

(m
il
li
o
n
/l
L
)

H
b
(g
/

d
L
)

H
C
T

(%
)

M
C
V

(f
L
)

M
C
H

(p
g
/

er
y
th
)

M
C
H
C

(g
/d
L
)

R
D
W

(%
)

F
er
ri
ti
n

(l
g
/L
)

Ir
o
n

(l
g
/

d
L
)

U
IB
C

(l
g
/d
L
)

T
IB
C

(l
g
/d
L
)

T
S
A
T

(%
)

T
ra
n
sf
er
ri
n

(m
g
/d
L
)

R
ad
ia
l
p
er
ip
ap
il
la
ry

ca
p
il
la
ry

d
en
si
ty

P
er
ip
ap
il
la
ry

2
.2
2
8
*

-
0
.0
5
9

-
0
.1
0
0

0
.0
4
5

0
.0
4
4

0
.0
3
3

-
0
.1
5
9

-
0
.0
7
2

-
0
.1
2
1

-
0
.0
2
0

-
0
.0
7
1

-
0
.1
0
9

-
0
.0
6
9

S
u
p
er
io
r-
h
em

i
2
.2
2
0
*

-
0
.1
2
4

-
0
.1
5
3

-
0
.0
3
3

-
0
.0
3
5

-
0
.0
4
4

-
0
.1
0
0

-
0
.1
6
1

-
0
.1
6
2

-
0
.0
1
5

-
0
.0
8
6

-
0
.1
4
1

-
0
.0
9
7

In
fe
ri
o
r-
h
em

i
-
0
.2
1
3

0
.0
3
0

-
0
.0
2
3

0
.1
3
6

0
.1
3
5

0
.1
2
5

2
.2
1
4
*

0
.0
5
4

-
0
.0
6
3

-
0
.0
1
1

-
0
.0
2
8

-
0
.0
6
5

-
0
.0
0
3

N
as
al
-s
u
p
er
io
r

2
.2
5
0
*

-
0
.1
8
4

-
0
.1
9
4

-
0
.0
5
2

-
0
.0
7
2

-
0
.0
9
3

-
0
.0
7
8

-
0
.1
3
1

-
0
.0
4
6

-
0
.1
3
0

-
0
.1
9
0

-
0
.0
4
8

-
0
.1
9
3

N
as
al
-i
n
fe
ri
o
r

-
0
.1
4
3

-
0
.1
6
5

-
0
.1
9
6

-
0
.1
1
6

-
0
.1
0
6

-
0
.0
8
5

-
0
.0
3
4

0
.0
1
8

0
.1
2
0

-
0
.2
1
1

-
0
.2
1
4

0
.1
2
3

-
0
.1
9
7

In
fe
ri
o
r-
n
as
al

-
0
.1
7
4

0
.0
4
5

0
.0
0
1

0
.1
3
7

0
.1
2
7

0
.1
0
1

-
0
.1
7
4

0
.1
0
2

0
.1
8
3

-
0
.2
8
6

-
0
.3
1
8

0
.1
9
7

-
0
.2
8
3

In
fe
ri
o
r-
te
m
p
o
ra
l

-
0
.1
4
8

0
.1
3
2

0
.0
8
9

0
.2
1
2

0
.2
1
7
*

0
.2
0
8

2
.2
5
2
*

-
0
.0
0
6

-
0
.3
7
4

0
.3
5
7

0
.3
4
3

-
0
.3
8
6

0
.3
7
3

T
em

p
o
ra
l-
in
fe
ri
o
r

-
0
.1
0
6

0
.1
4
6

0
.1
3
1

0
.2
3
6
*

0
.2
2
4
*

0
.2
0
6

-
0
.1
5
3

0
.0
1
4

-
0
.3
6
9

0
.4
4
3

0
.4
5
7

-
0
.4
1
9

0
.4
3
0

T
em

p
o
ra
l-
su
p
er
io
r

-
0
.0
4
1

0
.1
0
5

0
.0
4
9

0
.0
9
0

0
.1
2
1

0
.1
2
9

-
0
.1
3
7

-
0
.0
4
8

-
0
.0
0
3

-
0
.0
3
2

-
0
.0
2
6

0
.0
2
8

0
.0
3
3

S
u
p
er
io
r-
te
m
p
o
ra
l

-
0
.0
9
8

-
0
.0
0
2

-
0
.0
4
5

-
0
.0
2
3

0
.0
5
2

0
.0
6
1

-
0
.1
1
0

-
0
.1
6
3

-
0
.0
4
5

0
.0
1
4

0
.0
0
2

-
0
.0
1
3

0
.0
4
5

S
u
p
er
io
r-
n
as
al

-
0
.1
0
9

-
0
.0
5
5

-
0
.0
7
4

-
0
.0
0
6

-
0
.0
2
5

-
0
.0
1
7

-
0
.0
5
7

-
0
.0
6
6

-
0
.3
3
1

0
.1
1
7

0
.0
1
0

-
0
.2
9
9

-0
.0
5
2

H
b
H
em

o
g
lo
b
in
,
H
C
T
H
em

at
o
cr
it
,
M
C
V
M
ea
n
ce
ll
v
o
lu
m
e,

M
C
H

M
ea
n
co
rp
u
sc
u
la
r
h
em

o
g
lo
b
in
,
M
C
H
C

M
ea
n
co
rp
u
sc
u
la
r
h
em

o
g
lo
b
in

co
n
ce
n
tr
at
io
n
,
R
D
W

R
ed

b
lo
o
d
ce
ll

d
is
tr
ib
u
ti
o
n
w
id
th
,
U
IB
C
U
n
sa
tu
ra
te
d
ir
o
n
-b
in
d
in
g
ca
p
a
ci
ty
,
T
IB
C
T
o
ta
l
ir
o
n
-b
in
d
in
g
ca
p
a
ci
ty
,
T
S
A
T
T
ra
n
sf
er
ri
n
sa
tu
ra
ti
o
n

a
P
ea
rs
o
n
co
rr
el
at
io
n
co
ef
fi
ci
en
t

B
o
ld

v
al
u
es

in
d
ic
at
e
st
at
is
ti
ca
ll
y
si
g
n
ifi
ca
n
t
co
rr
el
at
io
n
s
(*
p
\

0
.0
5
,
*
*
p
\

0
.0
1
)

123

Int Ophthalmol (2021) 41:399–407 405



degeneration. In addition, an increased contribution of

calpain enzymes to monkey retinal ganglion cell death

was found in the RNFL of hypoxic retinal cultures

[33], and reduced blood flow to the ONH has been

shown to exacerbate ganglion cell axonal injury in rats

[28].

In the present study, RPCvd values in various

regions (whole retinal imaging, peripapillary, supe-

rior-hemi, inferior-hemi, IN, IT, TI, TS, and SN) were

found to be significantly lower in patients with IDA

compared to control group values, but assessment of

RNFL thickness was similar in both groups. Addi-

tionally, we found a variety of significant correlations

between RPCvd and hematological parameters (Hb,

HCT, MCV, MCH, MCHC, RDW, and ferritin), but

also a small number of correlations between RNFL

thickness values and hematological parameters

(MCV, MCH, and RDW). Based on these results, we

speculate that IDA leads to a decrease in ONH

vascular capillaries, resulting in RPCvd that is more

affected than RNFL thickness, and that the extent of

these vascular structural changes may vary depending

on anemia severity.

Similar to the present study in adults, Korkmaz

et al. [34] investigated the effects of IDA on peripap-

illary vessel density in children using OCT-A assess-

ment, and their results also showed a reduced RPCvd

in the pediatric IDA group compared to controls.

However, while RNFL thickness was not investigated,

they also reported a positive correlation betweenMCV

and ferritin values and RPCvd values, similar to the

present study.

To the best of our knowledge, this is the first

published study to investigate the effect of IDA on

RPCvd in adult patients using OCT-A. A strength of

the study was the prospective nature of patient

recruitment. However, the study also had several

limitations. The first was that the study population

included a wide age range, although there were no

statistically significant differences between groups. In

addition, we think that an investigation of the ganglion

cell layer complex and the use of visually evoked

potentials may have further contributed to our results.

Finally, we were unable to fully evaluate patients due

to low follow-up compliance after anemia treatments.

In conclusion, it is crucial to identify any changes in

retinal vascularity to prevent possible ocular problems

in IDA patients. The present study showed that RPCvd

was lower in IDA patients compared to control

subjects, and there were significant correlations

between anemia severity and RPCvd. Wide-ranging

and post-treatment studies should be conducted in the

future to determine relationships between the IDA

severity and retinal vascular structure, and also in IDA

patients with optic neuropathies such as glaucoma.
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