www.nature.com/scientificreports

scientific reports

W) Check for updates

OPEN | ocal ocular factors associated

with the development of diabetic
macular edema: an inter-eye study

Jaehwan Choi?, Sang Jin Kim?, Se Woong Kang'*“, Ki Young Son'2 & Sungsoon Hwang*

To investigate local ocular factors associated with the development of diabetic macular edema (DME),
we classified each eye of patients with unilateral DME as the DME eyes or the fellow eyes (without
DME). We compared the clinical characteristics, optical coherence tomography (OCT), and OCT
angiography (OCTA), ultra-wide field fundus photography, and angiography features of each eye.

As a result, fifty-five patients with unilateral DME were enrolled. Although the diabetic retinopathy
stage was not different between each group of eyes, DME eyes showed a higher prevalence of venous
beading and a larger area of nonperfusion region than did fellow eyes (all P<0.05). OCTA features of
DME eyes also showed a larger foveal avascular zone in the deep capillary plexus and a lower vascular
density in both the superficial and deep capillary plexuses (all P <0.05). This study highlighted ocular
features reflecting retinal ischemia, such as venous beading, area of nonperfusion region, and vascular
density in the central retinal area, are associated with the development of DME. OCTA and ultra-wide
field fluorescein angiography may be useful for evaluating the parameters of retinal ischemia and the
risk of DME development.

Diabetic macular edema (DME) is one of the main causes of visual impairment in patients with diabetic retin-
opathy (DR). The prevalence of DME has been reported to vary among studies and diabetes type, ranging from
4.1t07.9% in type 1 diabetes and 1.4-12.8% in type 2 diabetes'. The pathophysiology of DME remains unclear.
However, increased vascular permeability and breakdown of the blood-retinal barrier by hyperglycemia-induced
oxidative stress and inflammation are considered key factors in the development of DME. Therefore, current
treatment modalities for DME are carried out by suppressing cytokines of growth factor induced by inflamma-
tion and oxidative stress®=°.

Reported risk factors for DME include hyperglycemia, severity of DR, history of cataract surgery, duration of
diabetes, puberty, pregnancy, hypertension, dyslipidemia, and nephropathy”?®. In addition, leptin, adiponectin,
and genetic factors have been proposed as risk factors for DME!.

Although numerous studies have elucidated and proposed risk factors for DME, they have focused on sys-
temic factors. This raises question whether any local ocular features are related to the development of DME. One
way to determine this is to compare the ocular features between the eyes with DME and the eyes without DME
in patients with unilateral DME. In this study, we conducted an inter-eye study of patients with unilateral DME
to identify ocular features associated with the development of DME.

Methods

Setting. To identify local ocular factors related to the incidence of DME, we conducted a cross-sectional
inter-eye comparison study of patients diagnosed with unilateral DME. In addition, the demographics and ocu-
lar features of patients with unilateral DME were compared with those of patients with bilateral DME. The
study adhered to the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board
of the Samsung Medical Center, Seoul, South Korea (IRB number 2022-08-145). The board waived the need for
informed consent owing to the retrospective design of this study.

Subjects. The electronic medical records of patients who were first diagnosed with DME between January
2018 and December 2020 at the Samsung Medical Center were retrospectively reviewed. DME was defined as
the presence of DR and a central subfield thickness (CST) of>300 pum on spectral-domain optical coherence
tomography (OCT, Spectralis’; Heidelberg Engineering GmbH, Heidelberg, Germany). All enrolled patients
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were Korean. Patients with DME were divided into two groups: (1) patients with unilateral DME were those who
had DME in one eye, and the fellow eye did not develop DME within 1 year; (2) patients with bilateral DME were
those who had bilateral DME at initial presentation or unilateral DME at initial presentation, with the fellow
eye developing DME within 1 year (Fig. 1). Patients with a history of ocular diseases such as retinal detachment,
advanced glaucoma, or age-related macular degeneration, were excluded. Patients with a history of treatment
for DR such as laser photocoagulation, intravitreal injection, or retinal surgery, were also excluded. To exclude
pseudophakic cystoid macular edema, patients who underwent cataract surgery within 6 months were excluded.

Examinations. We assessed demographic data including age, sex, type of diabetes mellitus (DM), hyperten-
sion, dyslipidemia, hemoglobin Alc (HbAlc) level, and effective glomerular filtration rate.

The eyes of patients with unilateral DME were divided into the DME eye and the fellow eye, on the basis of
the presence of DME. The eyes of patients with bilateral DME were classified as the first eye (the eye with greater
CST if bilateral DME was observed at the initial presentation or the eye in which DME occurred first) and the
second eye (the eye with lesser CST or the eye in which DME occurred within 1-year after the first eye). Patients
underwent ocular examinations, including best-corrected visual acuity, intraocular pressure, manifest refraction,
noncontact tonometry, slit-lamp biomicroscopy, fundus examination, OCT, swept-source OCT angiography
(OCTA, DRI OCT Triton; Topcon Corporation, Tokyo, Japan), and ultra-wide field fundus photography and
fluorescein angiography (uWEF-FP and uWF-FA, Optomap; Optos Plc, Dunfermline, Scotland, UK).

CST was then automatically measured, mean macular thickness in the central 1-mm diameter circle of the
Early Treatment Diabetic Retinopathy Study grid®. We determined the stage of posterior vitreous detachment
using OCT and OCTA images and classified it as one of five stages: from stage 0, i.e., vitreoretinal interface
without posterior vitreous detachment, to stage 4, i.e., complete posterior vitreous detachment with release of
vitreopapillary adhesion'’. Superficial capillary plexus (SCP) and deep capillary plexus (DCP) images of the
central 3 x 3 mm of the macula were automatically obtained by built-in OCTA software. We performed manual
segmentation of OCT and OCTA images when automatic segmentation was improper. OCTA images with an
image quality score less than 40 (ranging from 0 to 100 by built-in OCTA software) or those exhibiting motion
artifacts, were excluded from the analysis. We calculated the vessel density (VD) of the SCP and DCP using
AngioTool software (Angiotool 0.6a, https://ccrod.cancer.gov/confluence/display/ROB2) and area of the foveal
avascular zone (FAZ) of the SCP and DCP using Image]J software version 1.53 k (National Institutes of Health,
Bethesda, MD, USA).

Two observers (J.C. and K.Y.S.), who were blinded to the clinical information, used uWF-FP and uWF-FA to
evaluate the presence of venous beading, which was judged through additional discussions in case of inconsist-
ency. Cohen’s kappa coeflicient was calculated to evaluate interobserver reliability. The built-in software (Optos
V2 Vantage Pro software; Optos Plc, Dunfermline, Scotland, UK) was used to project uWF-FA images stereo-
graphically, and the area of nonperfusion region was measured as the percentage of the nonperfusion area within
the clearly observable retina on the frontal image of the uWF-FA. The area was measured using Image] software
version 1.53 k by two blinded examiners (J.C. and S.H.), and the mean values were used.

Statistical analyses. The Wilcoxon signed-rank test was used to compare paired continuous variables
between the DME eye and the fellow eye. The McNemar-Bowker test was used to compare the paired categori-
cal variables between the two groups.

Additional statistical analyses were performed to compare patients with unilateral and bilateral DME. The
same number of patients as those with unilateral DME were randomly selected, and the same demograph-
ics and ophthalmic features as those of patients with unilateral DME were analyzed. Demographic data from
patients with bilateral DME were compared with those with unilateral DME. The ophthalmic features at the
time of study enrollment were compared between the DME eye of unilateral DME and the first eye of bilateral
DME, and between the fellow eye of unilateral DME and the second eye of bilateral DME. Mann-Whitney U
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Figure 1. Flowchart describing the study selection process. DME, diabetic macular edema.
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test was used to compare continuous variables, and Chi-squared test or Fisher’s exact test was used to compare
categorical variables.

Statistical analyses were performed with R software (version 4.2.0; R Core Team (2022). R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://
www.R-project.org). Statistical significance was set at P<0.05.

Results

Patients with unilateral and bilateral DME. We compared the demographic and ophthalmic clinical
characteristics of patients with unilateral DME and those with bilateral DME. During the same study period, 55
patients met the inclusion criteria for unilateral DME, and 110 patients met the criteria for bilateral DME. There-
fore, in our tertiary hospital, the proportion of unilateral DME was approximately 33.3% of the total incidence of
DME cases. Of the 110 patients with bilateral DME, 55 patients were randomly selected and their demographic
and ophthalmic features were compared with those with unilateral DME. Table 1 shows the demographic and
clinical characteristics of patients with unilateral and bilateral DME. The mean age of the patients with bilat-
eral DME was 56.4 +11.5 years, which was younger than that of patients with unilateral DME (63.4+ 8.8 years,
P=0.002). HbAlc level of the bilateral DME group was 8.79+1.94% and it was significantly higher than that
of the unilateral DME group (7.82+1.43%, P=0.021). However, there were no differences in the type of DM,
effective glomerular filtration rate, and the ratio of hypertension and dyslipidemia between the unilateral and
bilateral groups (P=1.000, 0.191, 0.703, and 0.340, respectively).

Inter-eye comparison in patients with unilateral DME. Table 2 shows the local ocular features and
their comparison between DME eyes and fellow eyes. The mean best-corrected visual acuity of DME eyes was
0.22£0.20 logarithm of the minimum angle of resolution (logMAR) (20/32) and 0.05+0.08 logMAR (20/25)
in fellow eyes (P<0.001). The stage of DR was not significantly different between DME eyes and fellow eyes
(P=0.536). The mean CST of DME eyes was 362.6+89.5 um and was thicker than that of fellow eyes, which was
279.2£32.8 um (P<0.001). Thirteen (23.6%) eyes in DME eyes and 10 (18.2%) eyes in fellow eyes were pseu-
dophakia and the lens status was not different between two groups (P =0.450).

Venous beading was observed in 23 (41.8%) eyes of DME eyes and 12 (21.8%) eyes of fellow eyes (P <0.001).
All patients who had venous beading in their fellow eyes had venous beading in their DME eyes. Cohen’s kappa
coeflicient was 0.82, indicating a good agreement with the presence of venous beading. The mean area of nonper-
fusion region in DME eyes was 10.4 + 12.0%, significantly larger than that of fellow eyes (6.9 £9.0%) (P=0.004).

In the analysis of the OCTA images, the mean VDs in both the SCP and DCP were lower in DME eyes than in
fellow eyes. The SCP VD was 48.8 £5.1% in DME eyes and 52.7 + 3.6% in fellow eyes (P=0.008). The DCP VD was
55.9+3.8% in DME eyes and 59.3 +4.2% in fellow eyes (P=0.001). The mean SCP FAZ area was 0.41+0.09 mm?
in DME eyes and 0.38 £0.09 mm? in fellow eyes (P=0.190). The mean DCP FAZ was 0.81 +0.20 mm? in DME
eyes and 0.67 +0.20 mm? in fellow eyes (P=0.013).

Comparison between patients with unilateral DME and patients with bilateral DME. The dis-
tribution of the DR stage showed a higher ratio of proliferative DR (PDR) in first eyes than in DME eyes and in
second eyes than in fellow eyes (P<0.001). In other words, patients with bilateral DME had a more advanced
stage of DR. The ratio of venous beading was not significantly different between DME eyes in the unilateral DME
group and first eyes in the bilateral DME group (P=0.340). However, second eyes (41.8%) showed a higher ratio
of venous beading than did fellow eyes (21.8%) (P=0.006). Although the mean area of nonperfusion region was
not significantly different between DME eyes and first eyes, it was significantly different between second eyes
(11.2+13.8%) and fellow eyes (6.3+9.0%) (P=0.038). None of the OCTA features differed significantly between
DME eyes and first eyes. However, between fellow eyes and second eyes, the mean SCP VD (52.7 £3.6% and
47.5+5.8%, P=0.031) and DCP VD (59.3+4.2% and 53.5+5.1%, P=0.019) were lower and the DCP FAZ area

Unilateral DME | Bilateral DME | P value
Age, v (SD) 63.42 (8.76) 56.42 (11.52) | 0.002*
Sex, M: F 30: 25 30: 25 1.000
DM duration, y (SD) 17.0 (10.6) 14.6 (9.7) 0.287
DM type, n (%) 1.000
Type 1 DM 1(1.8%) 2 (3.6%)
Type 2 DM 54 (98.2%) 53 (96.4%)
HbA1lc, % (SD) 7.82 (1.43) 8.79 (1.94) 0.021*
eGFR, mL/min (SD) | 82.8 (25.5) 88.6 (24.3) 0.191
HTN, n (%) 27 (49.1%) 30 (54.5%) 0.703
Dyslipidemia, n (%) 30 (54.5%) 24 (43.6%) 0.340

Table 1. Demographic characteristics of patients with unilateral and bilateral DME. DME diabetic macular
edema, y year, SD standard deviation, M male, F female, DM diabetes mellitus, #» number, HTN hypertension.
*Statistically significant at P-value <0.05.
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Patients with unilateral DME Patients with bilateral DME P-value
DME eye versus DME eye versus Fellow eye versus

DME eye Fellow eye First eye Second eye Fellow eye First eye Second eye
T L e e P L B
logMAR (SD) 0.22 (0.20) 0.27 (0.29) 0.18 (0.20)
Lens status, n (%) 0.450 1.000 1.000
Phakia 42 (76.4%) 45 (81.8%) 43 (78.2%) 46 (83.6%)
Pseudophakia 13 (23.6%) 10 (18.2%) 12 (21.8%) 9 (16.4%)
DR stage, n (%) 0.536 <0.001* <0.001*
No DMR 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Mild NPDR 6 (10.9%) 9 (16.4%) 0 (0.0%) 0(0.0%)
Moderate NPDR 13 (23.6%) 15 (27.3%) 6 (10.9%) 9 (16.4%)
Severe NPDR 35 (63.6%) 28 (50.9%) 24 (43.6%) 23 (41.8%)
PDR 1(1.8%) 3 (5.5%) 25 (45.5%) 23 (41.8%)
PVD stage, n (%) 1.000 0.124 0.370
Stage 0 39 (70.9%) 40 (72.7%) 39 (70.9%) 40 (72.7%)
Stage 1 9 (16.4%) 9 (16.4%) 7 (12.7%) 6 (10.9%)
Stage 2 2(3.6%) 1(1.8%) 4(7.3%) 5(9.1%)
Stage 3 1(1.8%) 2 (3.6%) 5(9.1%) 3 (5.5%)
Stage 4 4(7.3%) 3 (5.5%) 0 (0.0%) 1(1.8%)
AXL, mm (SD) 23.4(0.8) 23.4(0.8) 23.7(0.9) 23.7(0.9) 0.778 0.565 0.415
CST, um (SD) 362.6 (89.5) 279.2 (32.8) 414.5 (117.0) 319.9 (49.8) <0.001* 0.012* <0.001*
Xe({)z’)us beading, 23 (41.8%) 12 (21.8%) 29 (52.7%) 23 (41.8%) <0.001* 0.340 0.006*
ggiar‘;;‘;‘;‘tﬂzr(f;[')) 10.4 (12.0) 6.3(9.0) 14.0 (16.8) 112 (13.8) 0.004* 0.550 0.038*
(SSCS))FAZ area, mm’ | 11 (0.09) 0.38 (0.09) 0.51 (0.16) 0.40 (0.16) 0.190 0.088 0.706
?sg)) FAZarea, mm’ | o o) (0.20) 0.67 (0.20) 0.80 (0.25) 0.84 (0.21) 0.013* 0.763 0.049*
SCP VD, % (SD) 48.8 (5.1) 52.7 (3.6) 47.6 (4.8) 475 (5.8) 0.008* 0.598 0.031*
DCP VD, % (SD) 55.9 (3.8) 59.3 (4.2) 535 (4.1) 53.5 (5.1) 0.001* 0.213 0.019*

Table 2. Inter-eye comparison of patients with unilateral and bilateral DME. DME diabetic macular edema,
BCVA best corrected visual acuity, logMAR logarithm of the minimum angle of resolution, SD standard
deviation, n number, DR diabetic retinopathy, NPDR non-proliferative diabetic retinopathy, PDR proliferative
diabetic retinopathy, PVD posterior vitreous detachment, AXL axial length, CST central subfield thickness,
SCP superficial capillary plexus, DCP deep capillary plexus, VD vascular density, FAZ foveal avascular zone.
*Statistically significant at P-value <0.05.

(0.67+£0.20 mm? and 0.84 +0.21 mm?, P=0.049) was larger in second eyes (Table 2). Representative cases from
the unilateral and bilateral DME groups are shown in Fig. 2.

Discussion
Although many studies have reported on DME, none have focused on unilateral DME. Unilateral DME accounted
for one-third of all treatment-naive patients with DME in the current study. In patients with unilateral DME,
the mean best-corrected visual acuity of DME eyes was significantly worse than that of fellow eyes. This result is
consistent with the fact that DME is one of the major causes of visual disturbance in patients with DR

The DR stage and a history of cataract surgery are known ocular risk factors for DME'>'*. However, in the
current study, the stage of DR between DME eyes and fellow eyes was not significantly different; severe non-
proliferative DR (NPDR) was the most frequent, followed by moderate NPDR, mild NPDR, and PDR in both
eyes. Because systemic factors are strongly associated with DR progression', this may explain why there were
no differences in the DR stage between the patients with unilateral DME. This study is worthwhile because
it eliminated the effect of systemic factors and focused only on the local ocular features associated with the
development of DME. However, caution is required when interpreting the result that DR stage was not different
between DME eyes and fellow eyes. In this study, PDR represented 3.6% in unilateral DME eyes, whereas 43.6%
in bilateral DME eyes. Therefore, it clearly showed a correlation between the severity of DR and the occurrence
of bilateral DME. Our study indicates that in patients with unilateral DME, who were frequently in the NPDR
stage, there was no difference in the DR stage between the two eyes. Therefore, the traditional DR staging system
based on funduscopic findings'* has limitations in evaluating the risk of DME occurrence in patients with NPDR.

Systemic factors, including serum glucose levels, blood pressure, the presence of dyslipidemia, and renal
function have been reported to be associated with the development of DME!"#1>16_In this study, HbA1lc level
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Figure 2. Representative unilateral and bilateral diabetic macular edema (DME) cases. (A, B) The patient with
unilateral DME. A 67-year-old male with severe non-proliferative diabetic retinopathy in both eyes. (A) The
DME eye shows intraretinal cysts and subretinal fluid. compared with the fellow eye (B), the DME eye has a
larger foveal avascular zone and capillary dropout in the central 3 x 3-mm retina at the deep capillary plexus
(DCP) in the optical coherence tomography angiography (OCTA) image. The area of nonperfusion region
assessed by ultra-wide field fluorescein angiography shows that the DME eye has a larger area of nonperfusion
region than does the fellow eye. Venous beading was present in the DME eye (white arrowhead), whereas it was
not observed in the fellow eye. The image within the white border is a magnified picture of venous beading. (C,
D) Patients with bilateral DME. A 53-year-old female with PDR in both eyes. Both eyes show intraretinal cysts
and subretinal fluid. OCTA images of the DCP show an enlarged FAZ in both eyes. Retinal neovascularization is
observed in both eyes and the area of nonperfusion region observed on fluorescein angiography is almost equal
between (C) the first eye and (D) the second eye. Venous beading was present in both eyes (white arrowhead).
CST, central subfield thickness; VD, vascular density.

was higher in patients with bilateral DME compared to those with unilateral DME. However, no significant dif-
ferences were found in other factors between two groups. All the patients enrolled in this study were diagnosed
with DME. This could elucidate the different results in comparison to prior studies that compared patients with
DME to those without DME!"”!>1. Nonetheless, the result of this study highlights that serum glucose level is
an important systemic factor associated with the development of DME, consistent with findings from previous
studies™”*.

Vascular characteristics, including venous beading, area of nonperfusion region, SCP VD, DCP VD, and DCP
FAZ area, showed that DME eyes had more ischemic changes than did fellow eyes. Venous beading is a focal
venous change caused by retinal ischemia and is one of the major risk factors for DR progression”!”. In this study,
41.8% of DME eyes had venous beading, which was twice as common as that in fellow eyes. In previous studies,
the prevalence of venous beading in patients with DR was reported to be 2.1-22.1%, and one study reported that
venous beading was prominent in PDR (41.3%) but not in severe NPDR (5.9%) and moderate NPDR (0.0%)'7-"°.
Compared with these results, the prevalence of venous beading in the DME eyes in our study was prominently
high considering that all eyes except one eye (98.2%) were NPDR. This result suggests that DME eyes suffered
from more ischemic changes than did those without DME in the same stages of DR.

Although increased area of retinal nonperfusion region outside the macula is related to the risk of DR
progression?, the relationship with the development of DME is inconsistent*' . In our study, DME eyes had
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larger nonperfusion areas observed in uWF-FA than did fellow eyes. Fang et al.?? suggested that not all nonperfu-
sion areas identified in uWF-FA contribute to the development of DME, but viable cells near the nonperfusion
area may produce more vascular endothelial growth factors, also known as vasopermeability factors, and other
cytokines that promote vascular leakage and DME. Additional studies on the association with the development
of DME according to the location or characteristics of nonperfusion are needed.

This study demonstrated that as well as the perfusion state outside the macula, the perfusion state of the cen-
tral retina is also associated with the development of DME. Previous studies using OCTA showed that eyes with
DME had a larger FAZ area and lower macular vascular density than did eyes without DME and normal eyes?*?°.
In this study, VDs in both SCP and DCP were lower in DME eyes. DCP FAZ was greater in DME eyes, but SCP
FAZ was not. Our findings may support those of previous studies, which reported that DCP changes are more
prominent than SCP changes in patients with DME, and DCP changes are related to anti-vascular endothelial
growth factor response, photoreceptor recovery, and visual outcome after treatment***°. DCP supplies the inner
nuclear layer and outer nuclear layer, which are the main cystic areas in DME development®”?, and this may
explain the different results between SCP FAZ and DCP FAZ in this study.

However, the aforementioned studies on fluorescein angiography and OCTA features of DME, did not con-
trol the stage of DR and systemic factors. In the unilateral DME patients, in which the stage of DR and systemic
factors were controlled, the retinal ischemic features observed on fluorescein angiography and OCTA were
significantly related to the development of DME. These can be used as ocular biomarkers to predict the risk of
DME development. In patients who first present with unilateral DME, a risk of developing DME in their fellow
eyes within 1 year is present if their fellow eyes have retinal ischemic features similar to those of their eyes with
DME. In particular, although there are no differences in the stage of DR determined by funduscopic examina-
tion, angiographic features may help identify the risk of DME. In this regard, the value of OCTA is highlighted
owing to its noninvasive nature.

In the comparison between patients with unilateral DME and those with bilateral DME, the types of DMs,
presence of hypertension and dyslipidemia were not different. However, patients with bilateral DME were
younger, had higher HbA1c level, and had a more advanced DR stage; the ratio of PDR was >40% in both eyes
of patients with bilateral DME. This implies that DME is likely to develop in both eyes if patient has advanced
DR and poorly controlled diabetes at a young age. In contrast, DME is likely to occur in only one eye in older
patients with a slow progression of DR. Vascular characteristics, including venous beading, area of nonperfusion
region, FAZ, and VD, did not show differences between DME eyes of patients with unilateral DME and first eyes
of patients with bilateral DME. However, comparing fellow eyes of patients with unilateral DME and second eyes
of patients with bilateral DME, the capillary dropout assessed by the SCP VD, DCP VD, and DCP FAZ area was
larger in second eyes. The comparison results were repeated identically to the comparison between the DME
eyes and the fellow eyes. Therefore, these results reinforce our belief that the ischemic change detected on OCTA
in the central retinal area is associated with the development of DME.

There are a few studies demonstrated that cataract surgery is risk factor of the DME developmen
the current study, however, there was no association between the history of cataract surgery and the develop-
ment of DME. Because pseudophakic cystoid macular edema is common complication of cataract surgery in DR
patients®!, edema developed shortly after cataract surgery could be difficult to accurately distinguish whether
it was DME, pseudophakic cystoid macular edema, or a potential overlap of the two conditions. Therefore, this
study excluded patients underwent cataract surgery within 6 months to increase diagnostic accuracy of DME
and to accurately analyze the local ocular factor for DME.

This study had several limitations. It was a retrospective cross-sectional study; therefore, concern about
reverse causation is present. A potential of selection bias was present because the study population was based on
patients who visited a single tertiary care center. Many patients with DME who visited the clinic during the study
period and previously underwent treatment for DR or DME were excluded from this study. It was not possible
to assess the OCTA images of all patients owing to the low image quality and artifacts.

In conclusion, unilateral DME is frequently found in older patients with slow progression of DR. Although
there are no differences in the stage of DR between eyes, unilateral DME could be found if there is a differ-
ence in capillary nonperfusion, i.e., retinal ischemia between eyes. Vascular features obtained from fluorescein
angiography and OCTA can be reliable biomarkers for evaluating the risk of DME development. In this regard,
OCTA would be a useful measure to assess the risk of DME development owing to its noninvasive properties.

t7’13’29’30. In

Data availability
The datasets generated and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Received: 24 March 2023; Accepted: 4 September 2023
Published online: 08 September 2023

References

1. Lee, R, Wong, T. Y. & Sabanayagam, C. Epidemiology of diabetic retinopathy, diabetic macular edema and related vision loss. Eye.
Vis. (Lond.) 2, 17. https://doi.org/10.1186/540662-015-0026-2 (2015).

2. Das, A., McGuire, P. G. & Rangasamy, S. Diabetic macular edema: Pathophysiology and novel therapeutic targets. Ophthalmology
122, 1375-1394. https://doi.org/10.1016/j.0ophtha.2015.03.024 (2015).

3. Kang, S. W,, Park, S. C., Cho, H. Y. & Kang, J. H. Triple therapy of vitrectomy, intravitreal triamcinolone, and macular laser pho-
tocoagulation for intractable diabetic macular edema. Am. J. Ophthalmol. 144, 878-885. https://doi.org/10.1016/j.2j0.2007.07.044
(2007).

Scientific Reports |

(2023) 13:14868 | https://doi.org/10.1038/s41598-023-42038-9 nature portfolio


https://doi.org/10.1186/s40662-015-0026-2
https://doi.org/10.1016/j.ophtha.2015.03.024
https://doi.org/10.1016/j.ajo.2007.07.044

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Kim, Y. T,, Kang, S. W,, Kim, S. J., Kim, S. M. & Chung, S. E. Combination of vitrectomy, IVTA, and laser photocoagulation for

diabetic macular edema unresponsive to prior treatments; 3-year results. Gr. Arch. Clin. Exp. Ophthalmol. 250, 679-684. https://
doi.org/10.1007/s00417-011-1888-1 (2012).

. Diabetic Retinopathy Clinical Research, N et al. Randomized trial evaluating ranibizumab plus prompt or deferred laser or triam-

cinolone plus prompt laser for diabetic macular edema. Ophthalmology 117, 1064-1077.€1035. https://doi.org/10.1016/j.ophtha.
2010.02.031 (2010).

. Bressler, S. B. et al. Persistent macular thickening after ranibizumab treatment for diabetic macular edema with vision impairment.

JAMA Ophthalmol. https://doi.org/10.1001/jamaophthalmol.2015.5346 (2016).

. Tan, G. S, Cheung, N., Sim¢, R., Cheung, G. C. M. & Wong, T. Y. Diabetic macular oedema. Lancet Diabetes Endocrinol. 5, 143-155.

https://doi.org/10.1016/s2213-8587(16)30052-3 (2017).

. Varma, R. et al. Prevalence of and risk factors for diabetic macular edema in the United States. JAMA Ophthalmol. 132, 1334-1340.

https://doi.org/10.1001/jamaophthalmol.2014.2854 (2014).

. Early Treatment Diabetic Retinopathy Study Research Group. Grading diabetic retinopathy from stereoscopic color fundus pho-

tographs: An extension of the modified Airlie House classification. Ophthalmology 98, 786-806 (1991).

Uchino, E., Uemura, A. & Ohba, N. Initial stages of posterior vitreous detachment in healthy eyes of older persons evaluated by
optical coherence tomography. Arch. Ophthalmol. 119, 1475-1479. https://doi.org/10.1001/archopht.119.10.1475 (2001).

Moss, S. E., Klein, R. & Klein, B. E. K. Ten-year incidence of visual loss in a diabetic population. Ophthalmology 101, 1061-1070.
https://doi.org/10.1016/S0161-6420(94)31217-6 (1994).

Klein, R., Knudtson, M. D,, Lee, K. E., Gangnon, R. & Klein, B. E. The Wisconsin epidemiologic study of diabetic retinopathy
XXIII: The twenty-five-year incidence of macular edema in persons with type 1 diabetes. Ophthalmology 116, 497-503. https://
doi.org/10.1016/j.0phtha.2008.10.016 (2009).

Furino, C. et al. Diabetic macular edema and cataract surgery: Phacoemulsification combined with dexamethasone intravitreal
implant compared with standard phacoemulsification. Retina 41, 1102-1109. https://doi.org/10.1097/iae.0000000000002974 (2021).
Early Treatment Diabetic Retinopathy Study Research Group. Grading diabetic retinopathy from stereoscopic color fundus photo-
graphs: An extension of the modified Airlie house classification. Ophthalmology 127, $99-S119. https://doi.org/10.1016/j.ophtha.
2020.01.030 (2020).

Hsieh, Y.-T., Tsai, M.-]., Tu, S.-T. & Hsieh, M.-C. Association of abnormal renal profiles and proliferative diabetic retinopathy and
diabetic macular edema in an asian population with type 2 diabetes. JAMA Ophthalmol. 136, 68. https://doi.org/10.1001/jamao
phthalmol.2017.5202 (2018).

Zhuang, X. et al. Association of diabetic retinopathy and diabetic macular oedema with renal function in southern Chinese patients
with type 2 diabetes mellitus: A single-centre observational study. BMJ Open 9, €031194. https://doi.org/10.1136/bmjopen-2019-
031194 (2019).

Chen, L., Zhang, X. & Wen, E Venous beading in two or more quadrants might not be a sensitive grading criterion for severe
nonproliferative diabetic retinopathy. Gr. Arch. Clin. Exp. Ophthalmol. 256, 1059-1065. https://doi.org/10.1007/s00417-018-3971-3
(2018).

Sato, Y., Kamata, A. & Matsui, M. Clinical study of venous abnormalities in diabetic retinopathy. Jpn. J. Ophthalmol. 37, 136-142
(1993).

Stolk, R. P. et al. Retinal vascular lesions in patients of Caucasian and Asian origin with type 2 diabetes: Baseline results from the
ADVANCE retinal measurements (AdRem) study. Diabetes Care 31, 708-713. https://doi.org/10.2337/dc07-1657 (2008).
Nicholson, L. et al. Retinal nonperfusion characteristics on ultra-Widefield angiography in eyes with severe nonproliferative
diabetic retinopathy and proliferative diabetic retinopathy. JAMA Ophthalmol. 137, 626-631. https://doi.org/10.1001/jamaophtha
1mol.2019.0440 (2019).

Lange, J., Hadziahmetovic, M., Zhang, J. & Li, W. Region-specific ischemia, neovascularization and macular oedema in treatment-
naive proliferative diabetic retinopathy. Clin. Exp. Ophthalmol. 46, 757-766. https://doi.org/10.1111/ce0.13168 (2018).

Fang, M. et al. Classification of regions of nonperfusion on ultra-widefield fluorescein angiography in patients with diabetic macular
edema. Am. J. Ophthalmol. 206, 74-81. https://doi.org/10.1016/j.aj0.2019.03.030 (2019).

Silva, P. S. et al. Diabetic retinopathy severity and peripheral lesions are associated with nonperfusion on ultrawide field angiog-
raphy. Ophthalmology 122, 2465-2472. https://doi.org/10.1016/j.0phtha.2015.07.034 (2015).

Lee, J., Moon, B. G., Cho, A. R. & Yoon, Y. H. Optical coherence tomography angiography of DME and its association with anti-
VEGF treatment response. Ophthalmology 123, 2368-2375. https://doi.org/10.1016/j.ophtha.2016.07.010 (2016).

AttaAllah, H. R., Mohamed, A. A. M. & Ali, M. A. Macular vessels density in diabetic retinopathy: Quantitative assessment using
optical coherence tomography angiography. Int. Ophthalmol. 39, 1845-1859. https://doi.org/10.1007/s10792-018-1013-0 (2019).
Moon, B. G., Um, T,, Lee, J. & Yoon, Y. H. Correlation between deep capillary plexus perfusion and long-term photoreceptor
recovery after diabetic macular edema treatment. Ophthalmol. Retina 2, 235-243. https://doi.org/10.1016/j.0ret.2017.07.003 (2018).
Chung, Y. R,, Kim, Y. H,, Lee, S. Y., Byeon, H. E. & Lee, K. Insights into the pathogenesis of cystoid macular edema: Leukostasis
and related cytokines. Int. . Ophthalmol. 12, 1202-1208. https://doi.org/10.18240/ijo.2019.07.23 (2019).

Murakami, T. & Yoshimura, N. Structural changes in individual retinal layers in diabetic macular edema. J. Diabetes Res. 2013,
920713. https://doi.org/10.1155/2013/920713 (2013).

Denniston, A. K. et al. The UK diabetic retinopathy electronic medical record (UK DR EMR) users group, report 2: Real-world
data for the impact of cataract surgery on diabetic macular oedema. Br. J. Ophthalmol. 101, 1673-1678. https://doi.org/10.1136/
bjophthalmol-2016-309838 (2017).

Kim, S.J., Equi, R. & Bressler, N. M. Analysis of macular edema after cataract surgery in patients with diabetes using optical coher-
ence tomography. Ophthalmology 114, 881-889. https://doi.org/10.1016/j.0phtha.2006.08.053 (2007).

Yang, J. et al. Risk factors for and diagnosis of pseudophakic cystoid macular edema after cataract surgery in diabetic patients. J.
Cataract Refract. Surg. 43, 207-214. https://doi.org/10.1016/j.jcrs.2016.11.047 (2017).

Author contributions

J.C. and S.W.K. conceived and designed the study. J.C. wrote the manuscript. J.C., S.H., K.Y.S. performed the
data collection, J.C. analyzed the data. S.J.K. and S.W.K. critically revised the manuscript. All authors approved
the final version of the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.W.K.

Reprints and permissions information is available at www.nature.com/reprints.

Scientific Reports|  (2023) 13:14868 | https://doi.org/10.1038/s41598-023-42038-9 nature portfolio


https://doi.org/10.1007/s00417-011-1888-1
https://doi.org/10.1007/s00417-011-1888-1
https://doi.org/10.1016/j.ophtha.2010.02.031
https://doi.org/10.1016/j.ophtha.2010.02.031
https://doi.org/10.1001/jamaophthalmol.2015.5346
https://doi.org/10.1016/s2213-8587(16)30052-3
https://doi.org/10.1001/jamaophthalmol.2014.2854
https://doi.org/10.1001/archopht.119.10.1475
https://doi.org/10.1016/S0161-6420(94)31217-6
https://doi.org/10.1016/j.ophtha.2008.10.016
https://doi.org/10.1016/j.ophtha.2008.10.016
https://doi.org/10.1097/iae.0000000000002974
https://doi.org/10.1016/j.ophtha.2020.01.030
https://doi.org/10.1016/j.ophtha.2020.01.030
https://doi.org/10.1001/jamaophthalmol.2017.5202
https://doi.org/10.1001/jamaophthalmol.2017.5202
https://doi.org/10.1136/bmjopen-2019-031194
https://doi.org/10.1136/bmjopen-2019-031194
https://doi.org/10.1007/s00417-018-3971-3
https://doi.org/10.2337/dc07-1657
https://doi.org/10.1001/jamaophthalmol.2019.0440
https://doi.org/10.1001/jamaophthalmol.2019.0440
https://doi.org/10.1111/ceo.13168
https://doi.org/10.1016/j.ajo.2019.03.030
https://doi.org/10.1016/j.ophtha.2015.07.034
https://doi.org/10.1016/j.ophtha.2016.07.010
https://doi.org/10.1007/s10792-018-1013-0
https://doi.org/10.1016/j.oret.2017.07.003
https://doi.org/10.18240/ijo.2019.07.23
https://doi.org/10.1155/2013/920713
https://doi.org/10.1136/bjophthalmol-2016-309838
https://doi.org/10.1136/bjophthalmol-2016-309838
https://doi.org/10.1016/j.ophtha.2006.08.053
https://doi.org/10.1016/j.jcrs.2016.11.047
www.nature.com/reprints

www.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports|  (2023) 13:14868 | https://doi.org/10.1038/s41598-023-42038-9 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Local ocular factors associated with the development of diabetic macular edema: an inter-eye study
	Methods
	Setting. 
	Subjects. 
	Examinations. 
	Statistical analyses. 

	Results
	Patients with unilateral and bilateral DME. 
	Inter-eye comparison in patients with unilateral DME. 
	Comparison between patients with unilateral DME and patients with bilateral DME. 

	Discussion
	References


