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ARTICLE INFO ABSTRACT

Keywords: Purpose: To investigate effect of iron deficiency anemia (IDA) on macular and radial peripapillary capillary (RPC)

Iron deficiency anemia vascular changes by optical coherence tomography angiography (OCTA).

Iron ) Methods: Thirty-three patients with IDA and 33 healthy controls were enrolled in the study. Foveal avascular

Igatcilcl Zisc zone (FAZ) area, macular superficial capillary plexus (SCP) and deep capillary plexus (DCP) vessel density and
P . RPC vessel density were evaluated by the AngioVue Imaging System. Hemoglobin (Hb), hematocrit (Hct), mean

Optical coherence tomograhy angiography i T A

Retina corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), red cell distribution width (RDW), serum

iron, total iron-binding capacity (TIBC), serum ferritin and transferrin saturation values were also recorded.
Results: There were no statistically significant differences between the two groups in terms of FAZ area and FAZ
perimeter while foveal density (FD) was significantly decreased in the IDA group. Compared to control group,
IDA group revealed significantly decreased macular vessel density in all macular regions except fovea in both
SCP and DCP. RPC vessel density was significantly decreased in whole image, peripapillary and superior-
hemifield area wihout RNFL thinning. Hemoglobin level was positively correlated with SCP whole and RPC
whole vessel density and serum iron level was also positively correlated with SCP whole vessel density.
Conclusion: Macular and optic disc vessel density were reduced in IDA patients. OCTA may be useful in detecting
retinal ischemia before clinically visible signs of retinopathy associated with IDA appear.

1. Introduction optic nerve cell structure [3].

Optical coherence tomography angiography (OCTA) is a non-

Iron deficiency anemia (IDA) is the most common cause of anemia
and affects >1.2 billions individuals globally [1]. IDA is caused by
decreased dietary intake, increased iron requirements especially in
children, adolescents and pregnants, repeated blood loss and digestive
malabsorption of iron. Anemia leads to clinical and functional impair-
ments in many organs and systems. In IDA, hemoglobin (Hb) concen-
tration is low and oxygen transport capacity to tissues is reduced. The
retina and choroid are one of the most metabolically active tissues in the
body and consume high level of nutrients and oxygen to maintain their
visual function. Therefore these tissues have dense and complex vascular
network. Retinochoroidal circulation may be disturbed in patients with
abnormalities of blood components such as IDA [2]. Iron is an essential
element for myelination and neurotransmitter signaling of optic disc. An
animal study concluded that iron is necessary for maintenance of the
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invasive light-based imaging device that can detect motion in blood
vessel lumen by measuring the variation in reflected OCT signal
amplitude between consecutive cross-sectional scans [4]. The ability of
OCTA to visualize the high resolution microvascular structure seperately
has allowed us to explore foveal avascular zone (FAZ) area, macular
deep and superficial capillary plexus and radial peripapillary capillary
(RPC) network.

In this study we aimed to evaluate macular and RPC vascular changes
in IDA with OCTA. Additionnaly, we investigated the relationship be-
tween retinal vascular parameters and hematological parameters.
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2. Materials and methods
2.1. Study population

This single-centered prospective comparative study was performed
in the Department of Ophthalmology and Internal Medicine Clinic of
Afyonkarahisar Health Sciences University. The study protocol was
approved by the Ethics Committee of the Afyonkarahisar Health Sci-
ences University, and the study was conducted in accordance with the
ethical principles of the Helsinki Declaration. Informed written consent
was obtained from all the participants.

Hemoglobin (Hb) (g/dL), hematocrit (Hct) (%), MCV (fL), mean
corpuscular hemoglobin (MCH) (pg), red cell distribution width (RDW)
(%) values were indicated in both groups. Additionally in IDA group,
serum iron (ug/dL), total iron-binding capacity (TIBC) (ug/dl), serum
ferritin (ng/mL) and transferrin saturation (%) levels were implied. IDA
diagnosis was based on the Hb level less than 13.5 g/dL for males, 12.0
g/dL for females, ferritin level <30 ng/mL (normal 20-300 ng/mL),
transferrin saturation lower than 20%, and MCV less than 80 fL [5]. In
cases with IDA, further investigations were made for the etiology and
only the cases due to dietary insufficiency of iron were included in the
study.

The control group consisted of healthy volunteers similar in terms of
demographic characteristics. For both groups the exclusion criteria were
spherical or cylindirical refractive error greater than +2 diopters, uve-
itis, intraocular pressure greater than 20 mmHg or glaucomatous optic
neuropathy, optic nerve or retinal diseases, history of ocular surgery or
trauma, significant media opasity and cataract that may affect posterior
segment examination and OCTA measurements, presence of pregnancy,
defined systemic or chronic disease previously.

2.2. Study protocol

Each subject underwent a comprehensive ophthalmic examination
including best corrected visual acuity, intraocular pressure masuremets
with non-contact tonometry, anterior and dilated fundus examination
and OCTA. Only the right eye of each participants was used for analysis.

OCTA measurements were obtained by the AngioVue Imaging Sys-
tem (RTVue XR Avanti; Optovue, Inc. Fremont, CA) using split-spectrum
amplitude-decorrelation angiography (SSADA) algorithm to reduce
scanning time. The system has an A scan rate of 70,000 scans per second
using a light source centered on 840 nm and a bandwidth of 45 nm [4].
In addition to the assessment of the retinal microvascular structure,
device allows us to provide quantitative data such as flow and non-flow
area, foveal avascular zone (FAZ) and vessel density (VD). All mea-
surements were made by the same experienced examiner after pupil
dilatation and images with poor quality (lesser than 7/10) or motion
artifacts excluded from the study. An independent researcher evaluated
the images in terms of accurate segmentation and image quality. Manual
segmentation was performed on eyes where automatic segmentation
was not accurate.

FAZ area was measured as mm? automatically in whole retina.
Perimeter (PERIM, mm) and foveal density (FD, %) were also evaluated.
For macular evaluation 6 x 6 mm scan size centered on the macula was
used. Macula was divided into 1, 3 and 6 mm width 3 concentric rings
and these rings were defined as fovea, parafovea and perifovea,
respectively. All rings are seperated into two hemi-field (superior and
inferior) and four quadrants (temporal, superior, nasal and inferior) by
device software automaticcally. Superficial capillary plexus (SCP) was
defined as the region between the internal limiting membrane to 9 pm
below the inner plexiform layer. Deep capillary plexus (DCP) was
bordered between 9 pm below the inner plexiform layer and 9 pm above
the outer plexiform layer. In both SCP and DCP automatic segmentation
was used for VD which is the percentage area occupied by flowing blood
vessels in selected region.

Optic disc measurements were obtained by 4.5 x 4.5 mm optic disc
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scans centered on optic disc circumferentially. The borders were defined
as internal limiting membrane to retinal nerve fiber layer (RNFL) pos-
terior boundary. Small vessel RPC density in whole image, inside disc
and peripapillary area and all four quadrants (superior, temporal, infe-
rior and nasal) were noted. Peripapillary and four quadrants (superior,
temporal, inferior and nasal) RNFL thickness obtained by OCTA were
also measured.

2.3. Statistical analysis

In statistical analysis, mean, standard deviation, minimum and
maximum values of numerical data were calculated. Categorical data
were expressed as frequency and percentage (%). Shapiro Wilk test was
used to evaluate normality assumption. Furthermore, data with kurtosis
and skewness values in the range of -1.5, +1.5 were accepted as the
demonstration of normal distribution. Levene test was used to evaluate
the homogeneity of variances. Student’s T test was utilized to evaluate
the difference in terms of mean values between the groups when the
parametric test assumptions were provided, and the Mann Whitney U
test was used if the parametric test assumptions were not met. In order to
show the relationship between the groups, Pearson correlation analysis
was used in the groups with normal distribution, and Spearman corre-
lation analysis was used if they did not show normal distribution. Sta-
tistically, a p value of <0.05 was considered significant. SPSS version
24.0 (IBM Corporation, Armonk, NY, USA) software program was used
for all analyzes.

3. Results

The study involved a total of 33 eyes of 33 IDA patients and a total of
33 eyes of 33 sex matched controls. There were 4 (12.1%) males and 29
(87.9%) females in both groups and the mean age was 42.7 + 9.3 years
(range, 22-71 years) in IDA group and 42.9 + 9.4 years (range, 24-71
years) in the control group. There was no statistically significant dif-
ference between groups in terms of age (p = 0.99). On dilated fundus
examination none of the patients had clinically visible signs of IDA
retinopathy. Hematologic parameters were summarized in Table 1.
Compared to control group, the mean Hb, Hct, MCV, MCH and RDW
values were significantly different in IDA group. Also in IDA group,
transferrin saturation was 5.7 + 4.5 % (2.9- 26.1) and TIBC was
362.9+117.1 ug/dL (102-511). Serum iron and ferritin level were 21.4
+ 14.2 ug/dL (12-93) and 5.0 + 3.3 ng/mL (1.3-13.5), respectively.

The mean values of FAZ area, PERIM, FD and SCP vascular density
were shown in Table 2. While there were statistically no significant
differences between the groups with regard to FAZ area (p = 0.42) and
FAZ PERIM (p = 0.59), FD (p = 0.003) was significantly lower in IDA
group compared to control group. In IDA group, a significant decreased
SCP vessel density was found in all macular areas except fovea.

Comparison and mean values of vessel density in DCP are given in
Table 3. At the DCP, IDA patients revealed a significantly decreased
vessel density compared to control subjects in all macular regions except
fovea.

Table 4 shows optic disc analysis including RNFL thickness and RPC
vessel density. Although RNFL thickness was lower in IDA group in

Table 1
Comparison of hematologic parameters between groups.
IDA group Control group P

Hb (g/dL) 8.7 £2.0 13.4 £ 0.5 0.000
Hct (%) 30.3 +4.7 40.1 £3.1 0.000
MCV (fL) 70.8 £ 7.5 87.8 +£23 0.000
MCH (pg) 20.1 +£3.5 29.7 £1.7 0.000
RDW (%) 188 £2.5 122+ 0.5 0.000

Hb: Hemoglobin, Het: Hematocrit, IDA: Iron deficiency anemia, MCH: Mean
corpuscular hemoglobin, MCV: Mean corpuscular volume, RDW: Red cell dis-
tribution width.
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Table 2
Comparison of FAZ and SCP vessel density parameters.
IDA Group Control Group p
FAZ area (mm?) 0.289 + 0.096 0.309 + 0.101 0.42
FAZ Perimeter (mm?) 2.085 + 0.362 2.132 + 0.369 0.59
FD (%) 53.3 + 4.4 56.2 +£2.9 0.003
Whole image 47.2+2.9 52.6 +£2.3 0.000
Superior-Hemi 47.0 £3.1 52.6 £ 2.1 0.000
Inferior- Hemi 47.4 £ 2.9 52.5 + 2.6 0.000
Fovea 17.5 £ 5.9 19.8 £ 6.1 0.12
Parafovea 48.8 + 4.2 55.0 + 2.5 0.000
Superior-Hemi 49.5 £ 3.9 55.2+ 2.8 0.000
Inferior- Hemi 48.2 + 4.8 54.8 + 2.6 0.000
Temporal 48.6 + 4.2 544+ 3.1 0.000*
48.8 (46.8- 51.3) 55.4 (52.4- 56.7)
Superior 50.2 + 4.4 56.1 + 3.4 0.000
Nasal 47.5+5.4 53.9 £ 3.0 0.000*
49 (45.9- 50.5) 54.3 (52.1- 55.4)
Inferior 48.4 + 4.7 55.4 +£2.3 0.000*
50.1 (45.6-51.5) 55.1 (53.8-56.3)
Perifovea 47.6 £29 53.1+23 0.000
Superior-Hemi 47.2 + 3.4 53.1+23 0.000
Inferior- Hemi 479 £ 29 53.0 £ 2.6 0.000
Temporal 44.2 +£ 3.6 49.6 + 2.5 0.000
Superior 47.4 £ 3.5 53.2+ 25 0.000
Nasal 51.1 +2.9 56.3 + 2.4 0.000
Inferior 47.9 + 3.3 53.2+ 3.0 0.000

FAZ: Foveal avascular zone, FD: Foveal density, IDA: Iron deficiency anemia,
SCP: Superficial capillary plexus, * Mann Whitney U test was used to compare
groups those not normally distributed.

Table 3
Comparison of DCP vessel density parameters.
IDA Group Control Group P

Whole image 499 + 7.7 55.3 £ 4.7 0.001
Superior-Hemi 49.7 +7.8 55.0 + 4.6 0.002
Inferior- Hemi 50.2 +£79 55.7 £5.1 0.001
Fovea 34.7 £ 88 370+t 75 0.25

Parafovea 52.5 + 6.2 58.1 + 3.3 0.000
Superior-Hemi 53.9 £ 4.9 58.1 £3.1 0.000
Inferior- Hemi 52.8 £5.9 58.0 + 3.6 0.000
Temporal 53.9 £ 5.0 58.8 +£3.3 0.000
Superior 53.2+59 57.7 £ 3.5 0.000
Nasal 54.0 + 4.3 58.3 +£3.7 0.000
Inferior 51.7+7.2 57.4 £ 3.6 0.000
Perifovea 51.4 + 8.2 56.8 + 5.0 0.002
Superior-Hemi 51.5+8.1 56.5 £ 5.0 0.004
Inferior- Hemi 51.4 £ 8.6 57.2+ 54 0.002
Temporal 53.0 £ 6.7 58.4 + 4.0 0.000
Superior 50.7 £ 8.7 55.6 +£ 5.9 0.01

Nasal 51.3 + 8.8 56.1 + 5.4 0.003
Inferior 50.7 £ 9.4 57.3£6.1 0.001

IDA: Iron deficiency anemia, DCP: Deep capillary plexus

peripapillary region and all four quadrants, the difference was not sta-
tistically significant. In IDA group, peripapillary RPC vessel density was
significantly decreased in whole image, peripapillary and superior-
hemifield area compared to control group (p = 0.009, p = 0.03 and p
= 0.02, respectively). While peripapillary RPC vessel density was higher
in inside disc, peripapillary inferior-hemifield and all four quadrants
(superior, temporal, inferior, nasal) was lower than the control group,
the difference was not statistically significant.

In the IDA group, the FAZ area and DCP whole vessel density was not
correlated with none of the hematalogic parameters (Table 5). Hemo-
globin level was positively correlated with SCP whole and RPC whole
vessel denisty (p = 0.04 and p = 0.04, respectively) (Fig. 1). Positive
significant association was also observed between serum iron level and
SCP whole vessel density (p = 0.03) (Fig. 2).

Table 4
Comparison of optic disc parameters between groups.
IDA group Control group p
RNFL thickness
Peripapillary 116.1 +10.5 118.7 £ 11.7 0.42
Superior 135.4 +19.8 136.4 + 15.4 0.82
Temporal 74.4 £ 10.5 78.0 +7.9 0.11
Inferior 147.6 + 20.5 152.0 + 18.0 0.34
Nasal 109.8 +17.8 106.4 + 16.2 0.41
RPC density
Whole image 48.0 £ 2.1 49.5 + 2.2 0.009
Inside disc 51.9 + 3.6 52.5 + 3.8 0.53
Peripapillary 49.4 + 2.9 51.1 + 3.1 0.03
Superior-hemi 48.9 + 3.3 50.9 + 3.5 0.02
Inferior-hemi 49.7 £ 2.7 49.9 + 8.5 0.08*
48.9 (48.3-51.5) 50.9 (48.7-53.0)

Superior 49.3 +£ 3.3 50.4 + 3.9 0.26
Temporal 52.7 £ 3.8 53.4+ 3.9 0.54
Inferior 51.3 £ 3.0 52.7 £4.1 0.11
Nasal 47.4 + 3.8 489 £+ 3.3 0.07

IDA: Iron deficiency anemia, RNFL: Retina nerve fiber layer, RPC: Radial peri-
papillary capillary, * Mann Whitney U test was used to compare groups those not
normally distributed.

Table 5
Correlation analysis of OCTA parameters with hematological parameters in IDA
group.

FAZ SCP DCP RPC
area whole whole whole
Hemoglobin (g/dL) r -0.00 0.35 0.24 0.36
p 0.96 0.04 0.17 0.04
Transferrin saturation r -0.16 0.32 0.22 -0.03
(OA))":
p 035 0.06 0.22 0.83
TIBC (ug/dL) r 0.34 -0.18 0.18 0.01
p 0.06 0.32 0.32 0.92
Serum iron (ug/dL)* r -0.11 0.38 0.19 -0.01
P 0.51 0.03 0.27 0.93
Ferritin (ng/mL) r -0.04 -0.02 -0.13 0.18
p 0.80 0.91 0.46 0.33

DCP: Deep capillary plexus, FAZ: Foveal avascular zone, RPC: Radial peri-
papillary capillary, SCP: Superficial capillary plexus, TIBC: total iron-binding
capacity. * Spearson analysis was used to compare groups those not normally
distributed.

4. Discussion

In IDA, which is the most common nutritional anemia, the Hb level is
low and oxygen transport to the tissues and retinochoroidal circulation
is impaired. Ocular manifestations such as retinal hemorrhages, retinal
venous tortuosity, cotton-wool exudates, retinal vascular occlusion,
nonarteritic ischemic optic neuropathy and disc edema are observed in
IDA and the severity of the ocular signs were related to the severity of
anemia [6,7]. Many pathogenetic factors such as anoxia, venous stasis,
angiospasm, increased capillary permeability and decreased erythrocyte
deformability secondary to hypoxia have been implicated in the reti-
nopathy secondary to anemia [8-11]. Histotoxic anoxia may also
develop due to the dysfunction of cytochrome oxidase, an iron con-
taining enzyme [12]. Iron is an essential element for normal retinal
physiology and particularly critical for the visual phototransduction
cascade for isomerohydrolase activity and catalyzing the conversion of
hydrogen peroxide to hydroxyl radical which is the most damaging of
the reactive oxygen species. Antioxidant capasity decreases in iron
deficiency and IDA [13]. It has also been shown that there is an inverse
relationship between serum iron and the development of diabetic reti-
nopathy [14]. Additionally, in recent studies it has been shown that
choroidal thickness is also significantly reduced in iron deficiency ane-
mia [15,16].
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Fig. 1. Relationship between superficial capillary plexus (SCP) whole and radial peripapillary capillary (RPC) whole vessel density and mean hemoglobin. Scat-
terplot showing positive correlations between the mean hemoglobin and vessel density.

In the current study, we found that FD was significantly reduced in
the IDA group, while there was no significant difference between the
groups in terms of FAZ area and PERIM measurements. Korkmaz et al.
reported that FAZ area, PERIM and FD were not different from the
control group in their study evaluating a total of 32 children with IDA
[17]. On the other hand, Duzgun et al. reported that FAZ, FAZ PERIM
and FD values were significantly lower in the IDA group [18].

In both SCP and DCP macular vessel density analysis, we observed a
significant reduction in all macular regions except fovea in IDA subjects.
Similarly to our study, Korkmaz et al. showed a significant vessel density
reduction in multiple regions of SCP. They also reported that the dif-
ference was not significant (except inferior parafovea and temporal
perifovea), while vascular density was low in DCP [17]. Consistent to
Korkmaz et al, Diizgiin et al revealed that macular vessel density of the
SCP in all parafoveal quadrants and the whole retina were significantly
decreased while DCP vessel density showed statistically no significant
difference in any parafoveal quadrant [18]. While the mean Hb level
was 8.7 g/dL in our study, it was 10.3 g/d L and 9.4 g/dL in the studies of
Korkmaz et al and Diizgiin et al, respectively. More marked vascular
density reduction may be explained by the lower mean Hb level and the
more severe anemia in our study.

Iron is an essential micronutrient for normal myelination, oligo-
dendrocyte biology and neurotransmitter synthesis. In IDA visual
evoked potentials are impaired in infants and children [19,20]. It has
been shown that specific iron-requiring enzymes such as
glucose-6-phosphate dehydrogenase, dioxygenase, succinic dehydroge-
nase, and nicotinamide adenine dinucleotide hydride (NADH)

dehydrogenase and cytochrome oxidase are more elevated in oligo-
dendrocytes than in other brain cells [21]. Also, iron is a cofactor for
cholesterol and lipid biosynthesis which is the precursor of myelin
synthesis [22]. In a study by DeMaman et al, it was shown that iron was
necessary for the maintanence of the optic nerve structure and iron
repletion did not easily reverse optic nerve morphologic damage in
anaemic rats [3]. Many recent studies in the literature have revealed
that RNFL was thinned in IDA [23-25]. The RPC is a unique distinctive
vascular network which is located parallel to the retinal ganglion cell
axons within the RNFL around the optic disc and supply superficial
RNFL. Hypoxia and impaired oxygen transport in IDA may also impair
optic nerve blood flow.

In our study although RNFL thickness was lower in IDA group in
peripapillary region and all four quadrants, the difference was not sta-
tistically significant. Peripapillary RPC vessel density was significantly
decreased in whole image, peripapillary and superior-hemifield area
compared to control group. Consistent to our study, Korkmaz et al.
found that optic disc RPC small vessel density was significantly reduced
in 4.5 x 4.5 mm optic disk scans. On the other hand, RNFL was not
investigated in this study [17]. Kocer also demonstrated a significant
optic disc vessel density decline in whole images, peripapillary,
superior-hemi, inferior-hemi, inferiornasal, inferior-temporal, tempo-
ral-inferior, temporalsuperior, superior-nasal regions without reduction
in RNFL thickness [26]. In correlation analysis, the FAZ area and DCP
whole vessel density were not correlated with none of the hematalogic
parameters including Hb, transferrin saturation, TIBC, serum iron and
ferritin. SCP vessel density was positively correlated with Hb and serum
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Fig. 2. Relationship between superficial capillary plexus (SCP) whole vessel density and serum iron. Scatterplot showing positive correlation between the serum iron

and vessel density on SCP whole.

iron level. Positive significant association was also observed between Hb
level and peripapillary RPC vessel density. Kocer et al reported corre-
lation between RPC vascular density and hematological parameters,
including Hb, HCT, MCV, MCH and ferritin [26].

The limitations of this study are relatively small sample size, lack of
information on the onset and duration of IDA due to the repetitive na-
ture; the changes in parameters have not been investigated after iron
repletion treatment.

The pathophysiology of retinopathy related to anemia is still unclear
and fundus examination is usually normal in cases with IDA. Based on
current study we concluded that macular vascular density both in SCP
and DCP was decreased and optic disc vascular density decreased
without RNFL thinning in IDA patients. OCTA may be useful in detecting
retinal ischemia before clinically visible signs of retinopathy associated
with IDA. The mean Hb level and serum iron may be a predictive factor
for reduction in macular and optic disc vessel density. Future large scale
studies are worthwhile for establishing the benefit and role of vascular
density reduction obtained by OCTA in understanding pathophysiology
of anemia associated retinopathy and clinical management of IDA
patients.

Declaration of Competing Interest

none

Funding support

The authors did not receive any financial support from any public or
private source.

Financial disclosures

The authors have no financial or proprietary interest in a product,
method or material described here.

References

[1] N.J. Kassebaum, R. Jasrasaria, M. Naghavi, S.K. Wulf, N. Johns, R. Lozano,
M. Regan, D. Weatherall, D.P. Chou, T.P. Eisele, S.R. Flaxman, R.L. Pullan, S.
J. Brooker, CJL. Murray, A systematic analysis of global anemia burden from 1990
to 2010, Blood 123 (5) (2014) 615-624, https://doi.org/10.1182/blood-2013-06-
508325. Jan 30.

[2] S. Abe, T. Shiono, Retinochoroidal circulatory disturbances and blood component
abnormalities, Nippon Ganka Gakkai Zasshi 99 (3) (1995) 255-261. Mar.

[3] A.S. DeMaman, P. Melo, J.M. Homem, M.A. Tavares, JJ. Lachat, Effectiveness of
iron repletion in the diet for the optic nerve development of anaemic rats, Eye
(Lond) 24 (5) (2010) 901-908, https://doi.org/10.1038/eye.2009.205. May.

[4] D.Huang, Y. Jia, S.S. Gao, B. Lumbroso, M. Rispoli, Optical coherence tomography
angiography using the optovue device, Dev. Ophthalmol. 56 (2016) 6-12, https://
doi.org/10.1159/000442770.

[5] A.F. Goddard, M.W. James, A.S. McIntyre, B.B. Scott, British Society of
Gastroenterology. Guidelines for the management of iron deficiency anaemia, Gut
60 (10) (2011) 1309-1316, https://doi.org/10.1136/gut.2010.228874.6. Oct.

[6] B. Kacer, L.O. Hattenbach, S. Horle, I. Scharrer, P. Kroll, F. Koch, Central retinal
vein occlusion and nonarteritic ischemic optic neuropathy in 2 patients with mild


https://doi.org/10.1182/blood-2013-06-508325
https://doi.org/10.1182/blood-2013-06-508325
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0002
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0002
https://doi.org/10.1038/eye.2009.205
https://doi.org/10.1159/000442770
https://doi.org/10.1159/000442770
https://doi.org/10.1136/gut.2010.228874.6
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0006
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0006

S. Koca et al.

[71

[8]
[91
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

iron deficiency anemia, Ophthalmologica 215 (2) (2001) 128-131, 10.1159/
000050843.

E. Imai, H. Kunikata, T. Udono, Y. Nakagawa, T. Abe, M. Tamai, Branch retinal
artery occlusion: a complication of iron—deficiency anemia in a young adult with a
rectal carcinoid, Tohoku J. Exp. Med. 203 (2004) 141-144.

R.A. Rubenstein, M. Yanoff, DM. Albert, Thrombocytopenia, anemia, and retinal
hemorrhage, Am. J. Ophthalmol. 65 (1968) 435-439.

W.S. Foulds, The ocular manifestations of blood diseases, Trans. Ophthalmol. Soc.
UK 83 (1963) 345-360.

M.C. Carraro, L. Rossetti, G.C. Gerli, Prevalence of retinopathy in patients with
anemia or thrombocytopenia, Eur. J. Haematol. 67 (2001) 238-244.

T.H. Kirkham, P.F.M. Wrigley, J.M. Holt, Central retinal vein occlusion
complicating iron deficiency anemia, Br. J. Ophthalmol. 55 (1971) 777-780.

A. Jacobs, Iron containing enzymes in buccal epithelium, Lancet I (1961)
1331-1333.

Aslaner H., Diindar M.A., Arslan A., Karakiikcii C., Altuner Torun Y.. Reduced
antioxidant capacity in children with iron deficiency and iron-deficiency anemia.
Minerva Pediatr. (Torino). 2021 Apr 15. 10.23736/52724-5276.21.06193-4.

Y.J. Chen, J.T. Chen, M.C. Tai, C.M. Liang, Y.Y. Chen, WL. Chen, Serum Iron and
risk of diabetic retinopathy, Nutrients 12 (8) (2020) 2297, https://doi.org/
10.3390/nu12082297. Jul 31.

E. Yumusak, A. Ciftci, S. Yalcin, C. Dayangan Sayan, N.H. Dikel, K. Ornek, Changes
in the choroidal thickness in reproductive-aged women with iron-deficiency
anemia, BMC Ophthalmol. 15 (2015) 186, https://doi.org/10.1186/512886-015-
0163-3. Dec 29.

A. Simsek, M. Tekin, A. Bilen, A.S. Karadag, I.H. Bucak, M. Turgut, Evaluation of
choroidal thickness in children with iron deficiency anemia, Invest. Ophthalmol.
Vis. Sci. 57 (14) (2016 Nov 1) 5940-5944, https://doi.org/10.1167/iovs.15-
18713.

M.F. Korkmaz, M.E. Can, E.G. Kazanci, Effects of iron deficiency anemia on
peripapillary and macular vessel density determined using optical coherence

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

Photodiagnosis and Photodynamic Therapy 38 (2022) 102744

tomography angiography on children, Graefes Arch. Clin. Exp. Ophthalmol. 258
(9) (2020) 2059-2068, https://doi.org/10.1007/s00417-020-04633-8. Sep.

E. Diizgiin, N. Demir, A.A. Alkan, C. Uslu Dogan, A. Cakir, Retinochoroidal vascular
plexuses in patients with iron deficiency anaemia, Clin. Exp. Optom. (2021) 1-7,
https://doi.org/10.1080/08164622.2021.1916387. May 2.

C. Algarin, P. Peirano, M. Garrido, F. Pizarro, B. Lozoff, Iron deficiency anemia in
infancy: long-lasting effects on auditory and visual system functioning, Pediatr.
Res. 53 (2003) 217-223.

M. Monga, V. Walia, A. Gandhi, J. Chandra, S. Sharma, Effect of iron deficiency
anemia on visual evoked potential of growing children, Brain Dev. 32 (3) (2010)
213-216, https://doi.org/10.1016/j.braindev.2009.02.009. Mar.

W. Cammer, W.T. Norton, Oligodendrocyte Associated Enzymes, Oligodendroglia.
Plenum Press, New York, 1984.

J.R. Connor, SL. Menzies, Relationship of iron to oligodendrocytes and
myelination, Glia 17 (2) (1996) 83-93.

N. Oncel Acir, Z. Dadaci, F. Cetiner, M. Yildiz, H. Alptekin, M. Borazan, Evaluation
of the peripapillary retinal nerve fiber layer and ganglion cell-inner plexiform layer
measurements in patients with iron deficiency anemia with optical coherence
tomography, Cutan. Ocul. Toxicol. 35 (2) (2016) 131-136, https://doi.org/
10.3109/15569527.2015.1067228.

1. Cikmazkara, S. Karadeniz Ugurlu, Peripapillary retinal nerve fiber layer thickness
in patients with iron deficiency anemia, Indian J. Ophthalmol. 64 (3) (2016)
201-205, https://doi.org/10.4103/0301-4738.181753. Mar.

K. Tiirkyilmaz, V. Oner, S. Ozkasap, B. Sekeryapan, S. Dereci, M. Durmus,
Peripapillary retinal nerve fiber layer thickness in children with iron deficiency
anemia, Eur. J. Ophthalmol. 23 (2) (2013) 217-222, https://doi.org/10.5301/
€j0.5000206.

A.M. Kocer, H. Kiziltoprak, T. Fen, Y.S. Goker, A. Acar, Evaluation of radial
peripapillary capillary density in patients with newly diagnosed iron deficiency
anemia, Int. Ophthalmol. 41 (2) (2021) 399-407, https://doi.org/10.1007/
§10792-020-01589-w. Feb.


http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0006
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0006
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0007
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0007
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0007
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0008
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0008
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0009
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0009
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0010
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0010
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0011
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0011
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0012
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0012
https://doi.org/10.3390/nu12082297
https://doi.org/10.3390/nu12082297
https://doi.org/10.1186/s12886-015-0163-3
https://doi.org/10.1186/s12886-015-0163-3
https://doi.org/10.1167/iovs.15-18713
https://doi.org/10.1167/iovs.15-18713
https://doi.org/10.1007/s00417-020-04633-8
https://doi.org/10.1080/08164622.2021.1916387
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0019
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0019
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0019
https://doi.org/10.1016/j.braindev.2009.02.009
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0021
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0021
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0022
http://refhub.elsevier.com/S1572-1000(22)00033-3/sbref0022
https://doi.org/10.3109/15569527.2015.1067228
https://doi.org/10.3109/15569527.2015.1067228
https://doi.org/10.4103/0301-4738.181753
https://doi.org/10.5301/ejo.5000206
https://doi.org/10.5301/ejo.5000206
https://doi.org/10.1007/s10792-020-01589-w
https://doi.org/10.1007/s10792-020-01589-w

	Evaluation of macular and optic disc radial peripapillary vessel density with optical coherence tomography angiography in i ...
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Study protocol
	2.3 Statistical analysis

	3 Results
	4 Discussion
	Declaration of Competing Interest
	Funding support
	Financial disclosures
	References


