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ABSTRACT

Introduction: Diabetic macular edema (DME) is
one of the major sight-threatening complica-
tions of diabetic retinopathy, which is associ-
ated with retinal inflammation. However, it is
still unknown whether DME is associated with
systemic inflammation. The study aimed to
investigate the association between systemic
inflammatory and optical coherence tomogra-
phy (OCT) biomarkers in patients with treat-
ment-naive center-involving diabetic macular
edema (DME) and to further explore the role of
systemic inflammation in DME.

Methods: Medical records including clinical
characteristics and ophthalmic examinations
were collected from patients with treatment-
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naive center-involving DME. Systemic inflam-
mation markers including systemic immune-
inflammatory index (SII), neutrophil-lympho-
cyte ratio (NLR), and platelet-lymphocyte ratio
(PLR) were calculated. OCT biomarkers,
including intraretinal cyst (IRC) size, disorga-
nization of retinal inner layers (DRIL), external
limiting membrane (ELM)/ellipsoid zone (EZ)
integrity, retinal hyperreflective foci (HRF),
subretinal fluid (SRF) and vitreomacular (VM)
status were evaluated manually. Correlation
analysis and multivariable linear regression
models were used to investigate the relationship
between systemic inflammatory markers and
OCT biomarkers.

Results: A total of 82 patients with treatment-
naive center-involving DME were included. The
number of HRF on OCT was correlated with SII,
NLR, and PLR and positively associated with SII
(p < 0.001) in both univariate and multivariate
linear regression analyses. The differences
remained largely the same during subgroup
analysis controlling DM duration, SRF, and
ELM/EZ integrity. No significant association was
observed between other OCT biomarkers and
blood inflammatory markers.

Conclusion: Retinal HRF in diabetic macular
edema is associated with blood inflammatory
markers, which supports the theory of HRF's
inflammatory nature and emphasizes the
important role of inflammation in DME. SII
may be a potential marker for DME treatment
decisions.
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Key Summary Points

This cross-sectional study aimed to
comprehensively investigate the
association between optical coherence
tomography (OCT) biomarkers and
systemic inflammation in patients with
diabetic macular edema (DME), which is
short of research and well worth
attention.

This study found that hyperreflective foci
(HRF) are positively associated with
systemic immune-inflammatory index
(SII) in multivariable regression models,
while other OCT biomarkers are not
significantly related to systemic
inflammation in the current study.

Systemic inflammatory markers might be
helpful for DME classification and
treatment decision.

INTRODUCTION

Diabetes macular edema (DME) is the most
common sight-threatening complication of
diabetic retinopathy (DR) [1], estimated to
affect nearly 5-10% of patients with diabetes
mellitus (DM) [2, 3]. The pathophysiology of
DME involves alteration of the blood-retinal
barrier [4], which is the result of retinal
inflammation with vascular endothelial growth
factor (VEGF) as a prominent pro-inflammatory
agent [5, 6]. Thus, intravitreal injection of anti-
VEGF agents is currently considered to be the
optimal treatment for center-involving DME
(CI-DME) [2, 7-10]. This treatment is relatively
expensive. However, around 40% of patients
with DME showed dissatisfactory response to
anti-VEGF therapy, due to currently unknown
reasons, and other treatment including intrav-
itreal corticosteroids would be considered

[11, 12]. Investigating possible markers related
to treatment efficacy, either imaging or labora-
tory, is meaningful for further understanding,
prognosis prediction, and personalized treat-
ment of DME.

Spectral-domain optical coherence tomogra-
phy (SD-OCT) is an easily obtained non-inva-
sive imaging modality that provides in-depth
cross-sectional information about the retina,
which is widely adopted for DME diagnosis and
evaluation [7, 13]. An increasing number of
studies have attempted to use SD-OCT-based
imaging biomarkers for evaluation and treat-
ment-prediction of DME, including intraretinal
cyst (IRC) [14], disorganization of retinal inner
layers (DRIL) [15, 16], external limiting mem-
brane (ELM)/ellipsoid zone (EZ) integrity [17],
retinal hyperreflective foci (HRF) [18, 19], sub-
retinal fluid (SRF) [20], and vitreomacular (VM)
status [21]. The aforementioned imaging
biomarkers were shown to be correlated with
visual acuity at baseline or after anti-VEGF
treatment to different extents. These OCT
biomarkers are of vastly different pathophysio-
logical origin and may represent different
aspects of DME, either retinal inflammation or
structural damage [22]. Understanding the bio-
logical nature of imaging markers is potentially
helpful for shifting treatment and personalized
medicine toward DME.

Laboratory findings of DME mainly focused
on intraocular inflammatory cytokines. Several
cytokines are associated with DME presence,
OCT biomarkers, severity, and edema resolution
[23-27]. However, extraction of aqueous humor
is invasive and cannot be routinely conducted
in clinical work. Nowadays, some easily
obtained novel blood inflammatory markers,
including systemic immune-inflammatory
index (SII), neutrophil-lymphocyte ratio (NLR),
and platelet-lymphocyte ratio (PLR), have been
correlated with multiple inflammation-related
diseases such as stroke [28], cardiovascular dis-
eases [29], and cancer [30]. Recently, Elbeyli
et al. reported that an elevated SII value is
strongly associated with the presence of DME
[31]. Ozata Giindogdu et al. found that NLR and
SII levels were significantly higher in DME with
SRF [32]. These studies shed light on the asso-
ciation between systemic inflammation markers
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and DME. However, in the previous studies,
only SRF was studied. Few studies paid attention
to other OCT biomarkers.

Given the current opinion of the great
importance of inflammation in DME patho-
genesis, we believe that studying the association
of systemic inflammation and DME OCT
biomarkers will be beneficial for DME manage-
ment in three aspects. First, it advances the
understanding of the biological meaning and
pathogenesis mechanism behind these imaging
biomarkers. Second, it is useful to establish the
association between systemic inflammation and
DME, which is currently less studied. Third,
compared to aqueous humor cytokines, these
easily performed blood-derived markers are
potential surrogate predictive factors of anti-
VEGF treatment.

METHODS

This is an observational study conducted at the
Eye Center of Second Affiliated Hospital of
Zhejiang University from December 2021 to
April 2022. The study was performed in accor-
dance with the Declaration of Helsinki and
approved by the Ethics Committee of The Sec-
ond Affiliated Hospital of Zhejiang University
School of Medicine.

Study Participants and Data Collection

Inclusion criteria include (1) patients who were
18 years or older; (2) diagnosed with diabetes
mellitus, either type 1 or 2 [33]; (3) diagnosed
with center-involving DME defined by retinal
thickening involving the 1-mm-diameter cen-
tral subfield zone of macula on SD-OCT images
[7]; (4) no previous treatment including intrav-
itreal anti-VEGF injection, intravitreal or
peribulbar corticosteroids, focal/grid macular
photocoagulation, panretinal photocoagula-
tion, or vitreoretinal surgery; (5) no cataract
surgery in the past 6 months.

Exclusion criteria include (1) diagnosed with
other vitreoretinal diseases other than DME; (2)
OCT images with poor quality that are unable
to read; (3) suffered from infectious illness or
fever in the past 2 weeks; (4) once diagnosed

with other diseases which might affect the
blood test results, such as kidney or liver dis-
eases, autoimmune disorders, hematological
diseases, and malignant tumor; (5) use of
immunosuppressive drugs in the past 6 months.

Clinical characteristics including gender,
age, DM duration, blood test results, treatment
history and comorbidities which might affect
our results were collected from the electronic
medical record system. Ophthalmological
examinations include slit-lamp examination,
visual acuity, OCT, OCTA, and fluorescence
fundus angiography if necessary. Best-corrected
visual acuity (BCVA) was transformed into log-
arithm of the minimum angle of resolution
(logMAR) scale. DR severity was assessed using
ultrawide-field fundus photographs, and graded
into mild NPDR, moderate NPDR, severe NPDR,
and PDR [34]. For patients in whom both eyes
were affected by DME, only the worse eye was
taken into consideration.

Evaluation of OCT Biomarkers

SD-OCT (Spectralis, Heidelberg, Germany) was
performed. All OCT images were labeled by two
blinded ophthalmologists. OCT biomarkers
analyzed in this paper include intraretinal cyst
(IRCs), disorganization of retinal inner layers
(DRIL), external limiting membrane (ELM)/el-
lipsoid zone (EZ) integrity, retinal hyperreflec-
tive foci (HRF), subretinal fluid (SRF), and
vitreomacular (VM) status. Examples of the
annotation are provided in Fig. 1.

IRCs were oval-shaped, hyporeflective
regions within the neurosensory layer. As
shown in Fig. 1, IRC size was graded qualita-
tively as no cyst, mild, moderate, or severe,
according to previous research [35, 36].

DRIL was defined as the inability to distin-
guish between ganglion cell-inner plexiform
layer complex, the inner nuclear layer, and the
outer plexiform layer in the central fovea. It was
graded as absence or presence of DRIL [15].

ELM/EZ integrity was graded on the basis of
the visibility and continuity of the first and
second hyperreflective layers of the four outer-
most layers. The integrity was categorized as
intact for discernible and continuous, distupted
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IRC: Mild; ELM/EZ: intact; DRIL: absent; SRF: absent;
VM: no adhesion

IRC: Moderate; ELM/EZ: intact; DRIL: absent; SRF:
absent; VM: no adhesion

IRC: Severe; ELM/EZ: disrupted; DRIL: present; SRF:
absent; VM: incomplete vitreous detachment

IRC: Severe; ELM/EZ: disrupted; DRIL: absent; SRF:
present; VM: incomplete vitreous detachment

Fig. 1 Examples of OCT imaging biomarkers labeling.
White arrows represent HRF. DRIL disorganization of
retinal inner layers, ELM external limiting membrane, £Z
ellipsoid zone, HRF hyperreflective foci, IRC intraretinal
cyst

for partially visible, and absent for totally lost
(17, 36].

HRFs were defined as round-shaped, hyper-
reflective dots in the retina. In order to distin-
guish between HRF, hard exudates, or
microaneurysms, three criteria were adopted:
(1) reflectivity similar to the retinal nerve fiber
layer; (2) diameter less than 30 pm; (3) no back-
shadowing. The number of HRFs was counted
manually [18, 19, 35, 36].

SRF was defined as the subfoveal hypore-
flective area due to neurosensory detachment
[20]. It was categorized as absent or present.

VM status was graded on the basis of the
International Vitreomacular Traction Study
Group classification [37]. To make the classifi-
cation of VM status, we more simply classified it
as no adhesion, incomplete vitreous detach-
ment (IVD), complete vitreous detachment
(CVD), vitreomacular traction (VT), and
epiretinal membrane (ERM) according to previ-
ous related research [35, 36].

The annotation process was conducted by
Jingxin Zhou and Siyuan Song. They both
labeled all images according to pre-designed
annotation principles as mentioned above. For
each disagreement considering any OCT char-
acteristics, they would discuss and make the
final decision. The intraclass correlation (ICC)
of HRF annotations between these two authors
was 0.8583 (p <0.001), which means the
annotation of HRF was highly concordant.

Calculation of Blood Inflammatory
Markers

Blood count and biochemical measurements
were conducted after an 8-h overnight fast,
followed by a forearm venous puncture for
blood sample extraction. Full blood count was
measured on a Sysmex XE-2100 analyzer (Sys-
mex Corp. Kobe, Japan) wusing standard
procedures.

Systemic immune-inflammatory index (SII)
was calculated as platelet count x neutrophil
count/lymphocyte count [38]. Neu-
trophil-lymphocyte ratio (NLR) was computed
as neutrophil count/lymphocyte count [39].
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Table 1 Demographic and clinical characteristics of the Table 1 continued
study population
Vitreomacular traction 5 (6.1)
Age (mean + SD, years) 61.71 £+ 10.64
Epiretinal membrane 17 (20.7)
Gender (7, %)
Systemic inflammation markers (mean + SD)
Male 51 (622)
SII 552.97 + 261.71
Female 31 (37.8)
NLR 275 £ 1.12
Duration of DM (mean =+ SD, 11.29 + 4.42
PLR 128.29 £+ 45.92
years)
. BCVA best-corrected visual acuity, DM diabetes mellitus
DR level (n, 9 ok ’
severity level (1, %) DRIL disorganization of retinal inner layers, ELM external
Mild NPDR 12 (14.6) limiting membrane, EZ ellipsoid zone, loghMAR logarithm
f the minimum angle of resolution, NLR neu-
Moderate NPDR 22 (2638 © 5 ’
oderate (268) trophil-lymphocyte ratio, NPDR non-proliferative diabetic
Severe NPDR 24 (29.3) retinopathy, OCT optical coherence tomography, PLR

PDR 24 (29.3)

BCVA (mean £ SD, Snellen) 0.29 £ 0.23 (20/

40)
OCT features
Cyst Size (1, %)
Mild 17 (20.7)
Moderate 37 (45.1)
Severe 28 (34.1)
ELM/EZ integrity (7, %)
Intact 33 (40.2)
Disrupted 42 (51.2)
Absent 7 (8.5)
DRIL (1, %)
Absent 70 (85.4)
Present 12 (14.6)
Hyperreflective foci (mean & SD) 3452 + 21.41
Subretinal fluid (72, %)
Absent 51 (62.2)
Present 31 (37.8)
Vitreomacular condition (7, %)
No adhesion 32 (39)

Incomplete vitreous detachment 23 (28)

Complete vitreous detachment 5 (6.1)

platelet-lymphocyte ratio, PDR proliferative diabetic
retinopathy, SD standard deviation, SII systemic immune-
inflammatory index

Platelet-lymphocyte ratio (PLR) was calculated
as platelet count/lymphocyte count [40].

Statistical Analysis

Continuous variables are described using
mean + standard deviation (SD), and categori-
cal variables are presented as numbers and per-
centages. All continuous variables were tested
for normal distribution wusing the Kol-
mogorov-Smirnov test. Patient characteristics
were compared among different levels of imag-
ing biomarkers using Student’s ftest,
Mann-Whitney-Wilcoxon test, one-way analy-
sis of variance, or Kruskal-Wallis test according
to grouping and normality. Bonferroni method
was adopted for multiple comparison in all
related situations. For further analysis, loga-
rithmic transformation was adopted for non-
normally distributed variables. Spearman cor-
relation and its significance were used to
investigate the correlation between patient
characteristics, blood inflammatory markers,
and imaging biomarkers. Univariable and mul-
tivariable linear regression models were adopted
to further investigate their relationship. Vari-
ables with p value of 0.1 or smaller in univari-
able analysis would be included in multivariable
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Fig. 2 Comparison of clinical characteristics between
patients with different OCT biomarkers. a With severer
IRCs, ELM/EZ integrity disruption, and DRIL presence,
patients tend to have lower BCVA. b Patients with more
HRF were found to have higher NLR. ¢ Patients with
more HRF and SRF presence were found to have higher
SII. d Patients with more HRF and SRF presence were
found to have higher PLR. (*P < 0.05, **P < 0.01,

analysis. The multivariable regression was con-
ducted in a forward stepwise manner. Linear
regression models were adopted for BCVA and
HRF number as dependent variables, and logis-
tic regression models were used when SRF was
treated as the dependent variable. Subgroup
analyses were performed on the basis of SRF
presence and ELM/EZ integrity, considering
their potential influence on HRF.

The statistical analyses were conducted using
IBM SPSS Statistics (version 25.0, IBM, New
York, USA). Visualization of the correlation
matrix was realized with “corrplot” package
(version 0.92) using R (version 4.1.1, R Foun-
dation for Statistical Computing, Vienna,
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»*P < 0.001.) BCVA best-corrected visual acuity, DRIL
disorganization of retinal inner layers, ELM external
limiting membrane, EZ ellipsoid zone, HRF hyperreflec-
tive foci, IRC intraretinal cyst, NLR neutrophil-lympho-
cyte ratio, PLR platelet-lymphocyte ratio, SII systemic
immune-inflammatory index, SRF subretinal fluid

Austria). All statistical tests were two-tailed with
a p value of 0.05 or smaller as significant.

RESULTS

Patient Characteristics

A total of 121 patients with complete clinical
documents and ophthalmic examinations were
originally reviewed, among whom 17 had pre-
vious treatment including surgery, laser or
intravitreal anti-VEGF injection, 10 had vitre-
ous hemorrhage, 5 had renal dysfunction due to
various reasons, 4 had non-center-involving
DME, and 3 had OCT images with insufficient
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Table 2 Association of blood inflammatory markers and HRF number

Hyperreflective foci

Univariable Multivariable

P coefficient p value B coefficient p value
Age 0.057 0.611 - -
DM duration 0.277 0.012* 0.070 0.441
DR severity 0.530 < 0.001** 0.379 0.001*
BCVA 0.189 0.089 0.062 0.558
IRC 0.065 0.564 - -
ELM/EZ 0.271 0.014* 0.202 0.015*
DRIL — 0.022 0.848 - -
HRF - - - -
SRF 0.413 < 0.001*** 0.235 0.007**
VM 0.101 0.367 - -
SII 0.471 < 0.001*** 0.334 < 0.001*
NLR 0.424 < 0.001** 0.151 0.267
PLR 0.428 < 0.001*** 0.019 0.861

BCVA best-corrected visual acuity, DM diabetes mellicus, DRIL disorganization of retinal inner layers, ELM external
limiting membrane, EZ ellipsoid zone, HRF hyperreflective foci, JRC intraretinal cyst, NLR neutrophil-lymphocyte ratio,
PLR platelet-lymphocyte ratio, SII systemic immune-inflammatory index, SRF subretinal fluid, VM vitreomacular status

*P < 0.05, *P < 0.01, *™*P < 0.001

quality to assess. Finally, 82 treatment-naive
center-involving DME eyes from 82 patients
were included in our work.

The study population is summarized in
Table 1. The mean age of study population was
61.71 £+ 10.64 years, with 51 (62.2%) male and
31 (37.8%) female patients. The mean duration
of DM was 11.29 + 4.42 years. The mean BCVA
(logMAR, Snellen) was 0.29 + 0.23 (20/40). The
means and standard deviations of SII, NLR, and
PLR were 552.97 £+ 261.71, 2.75 £ 1.12, and
128.29 £ 45.92, respectively. OCT biomarkers
are also summarized in Table 1.

Comparison of Clinical Characteristics
Between Patients with Different OCT
Biomarkers

Clinical characteristics analyzed here include
age, DM duration, DR severity, BCVA, and sys-
temic inflammation markers. Statistically sig-
nificant comparison results of clinical
characteristics between patients with different
OCT biomarkers are summarized in Fig. 2.
Detailed results are presented in Supplementary
material Tables S1-S6.

With severer IRCs, ELM/EZ integrity disrup-
tion, and DRIL presence, patients tend to have
lower BCVA (IRC 0.20 + 0.22 vs 0.28 + 0.20 vs
0.42 + 0.27, p = 0.008); ELM/EZ 0.05 £+ 0.04 vs
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Fig. 3 Correlation among clinical characteristics and
OCT biomarkers. Color, size, and transparency of the
dots in the upper half reflect the correlation tendency,
degree, and significance. Only significant correlations are
shown. VA visual acuity, DRIL disorganization of retinal
inner layers, ELM external limiting membrane, EZ
ellipsoid zone, HRE hyperreflective foci, JRC intraretinal
cyst, NLR
platelet-lymphocyte ratio, SII' systemic immune-inflam-
matory index, SRE subretinal fluid, VM vitreomacular

neutrophil-lymphocyte  ratio, PLR

status

0.33 £0.21 vs 0.20 £ 0.23, p <0.001; DRIL
0.08 + 0.07 vs 0.32 + 0.23, p < 0.001).

HRF numbers were categorized into four
different groups based on the quartiles. Patients
with more HRF were found to have higher sys-
temic inflammation markers (SIT
430.57 +£ 120.82 vs  482.78 £ 175.16  vs
533.18 + 247.38 vs 769.85 + 330.94, p = 0.001;
NLR 2.38 + 0.75 vs 2.50 + 0.78 vs 2.56 + 1.17
vs 3.57 £ 1.33, p =0.003; PLR 115.95 + 45.69
vs 109.64 + 35.77 vs 12294 + 36.05 vs
165.84 £+ 46.10, p < 0.001). Patients with SRF
were found to have higher SII and PLR (SII
501.73 + 205.54 vs 637.27 + 320.49, p = 0.022;
PLR 118.86 +42.37 vs 143.80 + 47.96,
p =0.021).

No significant difference was found between
IRC, ELM/EZ integrity, DRIL, and systemic
inflammation markers, and there was no sig-
nificant difference between HRF, SRF, and
BCVA.

Correlation Among Clinical
Characteristics and OCT Biomarkers

Spearman correlation was adopted to investi-
gate the correlation between clinical character-
istics and OCT biomarkers in patients with
DME. Variables included in the correlation
analysis were BCVA, OCT biomarkers, and sys-
temic inflammation markers. The correlation
matrix is shown in Fig. 3, with only significant
correlations presented.

DRIL presence and ELM/EZ integrity were
significantly correlated with BCVAs (DRIL
r=0.25, p <0.01; ELM/EZ r=0.27, p <0.01).
HRF number was significantly correlated with
SII, NLR, PLR, ELM/EZ integrity, and SRF pres-
ence (SII r=0.38, p<0.01; NLR r=0.27,
p=0.01; PLR r=042, p<0.01; ELM/EZ
r=0.24, p = 0.03; SRF r = 0.44, p < 0.01).

Association of Blood Inflammatory
Markers and HRF Number

To control the possible confounding effects of
studied factors, regression models were adopted.
Table 2 shows the association of systemic
inflammatory markers and HRF number with
linear regression models. In univariable regres-
sion, DM duration (p =0.012), DR severity
(p <0.001), ELM/EZ integrity (p = 0.014), SRF
(p <0.001), SII (p <0.001), NLR (p <0.001),
and PLR (p <0.001) were significantly associ-
ated with HRF number. Variables with p value of
0.1 or smaller in univariable analysis were
included in multivariable analysis, including
DM duration, DM severity, BCVA, ELM/EZ sta-
tus, SRF, SII, NLR, and PLR. In multivariable
regression, only DM severity (p = 0.001), ELM/
EZ integrity (p = 0.015), SRF (p = 0.007), and SII
(p <0.001) were significantly associated with
HRF number.
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Subgroup Analysis

Subgroup analyses were conducted considering
potential effects of DM duration, ELM/EZ
integrity, and SRF on the association between
HRF and systemic inflammation markers.
Detailed results of subgroup analysis are listed
in Supplementary material Tables S7-S9. Multi-
variable regression revealed that SII remained
significantly associated with increased HRF
number in patients with (p = 0.001) or without
(p =0.007) SRF, shorter DM duration
(p = 0.002), and intact ELM/EZ (p = 0.007).

DISCUSSION

In this study, HRF on OCT images was closely
related to systemic inflammation in patients
with DME, but ELM/EZ integrity and DRIL were
related to visual function. In the multivariable
analysis, HRF was also associated with other
imaging biomarkers, including ELM/EZ integ-
rity and SRF. These results suggest that (1) some
OCT biomarkers, especially HRF, are a reflection
of retinal inflammation status which can be
affected by systemic inflammation; (2) DME is
influenced by systemic inflammation, more
than just regional inflammation within the
retina; (3) these blood-derived inflammation
parameters may be potential markers for shift-
ing treatment and personalized medicine in
DME and need further investigation.
Previously, attempts have been made to
investigate the association between OCT
biomarkers of patients with DME and blood test
results, considering the role of inflammation in
DME pathogenesis. Dimitriou et al. analyzed
full blood count, biochemical parameters, and
SD-OCT imaging biomarkers in patients with
DME and found that presence of hyperreflective
foci on SD-OCT was associated with signifi-
cantly higher white blood cell count [41]. Their
discovery also supported the inflammatory
nature of HRF. Unfortunately, novel systemic
inflammatory markers were not studied in that
work. Elbeyli et al. [31] demonstrated that ele-
vated SII is strongly associated with the occur-
rence of DME using data from patients with
non-proliferative diabetic retinopathy, which

agrees with our conclusion that DME is associ-
ated with systemic inflammation. Ozata Giin-
dogdu et al. [32] found that SII levels were
significantly higher in DME with SRF, which is
consistent with our results, as is shown in Fig. 1,
and no other OCT biomarkers were studied in
their work. However, in Elbeyli et al.’s study
[31], there was no significant difference in sys-
temic inflammatory markers between patients
with DME with or without SRF. According to
previous research, it is suggested that SRF pres-
ence is associated with elevated pro-inflamma-
tory cytokines in aqueous humor [42] and
intravitreal corticosteroid injection is an effec-
tive treatment for subretinal fluid resolution
[43]. Therefore, we tend to believe that there
may be a relationship between SRF and systemic
inflammation. We think the current disagree-
ment between comparison results and correla-
tion results was due to different statistical
methods. However, more research needs to be
done to clarify the association.

As promising systemic inflammation mark-
ers, SII, NLR, and PLR have been studied in a
variety of chronic diseases. SII is thought to be a
predictive and prognostic marker for multiple
cancers [30, 38, 44, 45], autoimmune diseases
[46, 47], cardiovascular disorders [28, 48, 49],
and metabolic diseases [50]. There is no con-
sensus on the normal value of SII, and in related
research, most researchers utilized receiver
operating characteristic curve (ROC) analysis to
find various cutoff points for specific diseases,
most of which are around 600 x 10°/L. NLR is
now widely used in all medical disciplines and is
considered to be able to reflect body’s reaction
to various external or internal stimuli, and the
normal value of NLR was considered to be
1.0-2.0 [51]. Similarly, PLR also showed poten-
tial value in multiple diseases [52, 53] and the
normal value of PLR was 70-200 [51]. These
indices are calculated from common blood cell
count, and the mechanisms behind them are
thought to be results of cell functions, including
those of neutrophils, lymphocytes, and plate-
lets. White blood cells and their subtypes have
long been seen as inflammatory markers in
either infectious or non-infectious diseases. It is
reported that in patients with DM and DR, sys-
temic neutrophil count is elevated, indicating
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that neutrophil-mediated inflammation may
play an important role in the pathogenesis of
DM and DR [54]. Currently, platelets are
increasingly thought to be related to inflam-
mation. Platelet adhesion, aggregation, and
secretion all participated in inflammatory reac-
tions [55, 56]. In our study, these indices were
associated with DME imaging features, which
turther supports the inflammatory origin of
DME and reveals the relationship between dif-
terent DME imaging features. The inflammatory
reaction behind DME pathogenesis may be
mediated by multiple blood cells including
neutrophils, lymphocytes, and platelets.

As a major OCT feature discussed in the
current paper, retinal HRF can be seen in mul-
tiple retinal diseases, and serves as a promising
but controversial OCT biomarker in DME
treatment [57]. Theories have been expounded
upon the pathophysiology of HRF, including
lipoprotein extravasation [18], inflammation-
induced microglial cell activation [19], migrat-
ing retinal pigment epithelium (RPE) cells [58],
and degenerated photoreceptor cells [59], etc. It
is accepted that HRF is related to retinal
inflammation in DME [57], and HRF is a
potential biomarker for DME treatment man-
agement. Compared to anti-VEGF, corticos-
teroid treatment caused more HRF reduction in
DME eyes [60]. Choroidal HRF is associated with
better outcome of corticosteroid treatment [61],
and it has been hypothesized that patients with
DME and inflammatory OCT markers may gain
more from corticosteroids [62].

The exact imaging definition of HREF is still
controversial. In some publications, retinal
nerve fibre layer reflectivity was used as the
reference of HRF [19, 35, 36], as is in ours, while
some used the RPE band reflectivity [63, 64]. In
the current study, through multivariable
regression and subgroup analysis, we advanced
the understanding of HRF by illustrating the
association between HRF and systemic inflam-
mation reflected by SII, NLR, and PLR. Our
study supported the inflammatory origin of
HRF, and further expanded this correlation
from retinal inflammation to systemic inflam-
mation. Through such research, we believe at
least two questions have been put forward: first,
what is the exact relationship between systemic

inflammation and DME, and how does it affect
the disease; second, will these easily obtained
blood-driven biomarkers be used for clinical
instruction? Further research is needed to clarify
these questions.

In our study, VM status is not related to
systemic inflammation indices. However, it is
thought that vitreoretinal interface abnormali-
ties (VRIA) in general are substantially associ-
ated with inflammatory reactions and
simultaneously with poorer response to anti-
VEGF in patients with DME [65, 66]. We think
the reasons can be discussed in three aspects.
First, from a pathogenesis perspective, although
high pro-inflammatory mediators around the
vitreoretinal interface play an important role in
VRIA formation [6], there are still chances that
specific circumstances around the local retina
are more important than systemic inflamma-
tion status. Second, from a visual outcome
perspective, VRIA is related to poorer anti-VEGF
response, but we think it is different from the
way HRF works. In patients suffering from VRIA,
such as VMT or ERM, their retinal structures
have been destroyed to various extents. Local
tissue injury is an unignorable factor affecting
final visual outcome. However, patients with
DME and high HRF may represent those
patients’ whose macular edema is more related
to inflammation, which may react better to
corticoids [60]. Third, the lack of significant
association between VRIA and inflammatory
markers may be because of the relatively small
sample size of our work.

The interplays between OCT biomarkers
were interesting. In the current study, HRF is
associated with broken ELM/EZ and SRF. ELM/
EZ visibility reflects the photoreceptor integrity
[35]. We tend to believe that the influence is
mutual between ELM/EZ integrity and HRF. On
the one hand, it is hypothesized that broken
ELM/EZ may allow the HRF to migrate between
retina and choroid and this kind of migration
might affect the number of HRF [63]. On the
other hand, lipoprotein extravasation may
cause photoreceptor damage [67]. As is dis-
cussed before, SRF is closely related to inflam-
mation [42, 43], and we believe the significant
association of SRF and HRF is due to their
common inflammatory nature.
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The strength of the current paper lies in the
systematical evaluation of novel systemic
inflammatory makers and multiple OCT-based
biomarkers, which has not been reported before
according to our knowledge. There are also
some limitations in the current study. First, this
is a single-center study from an Asian popula-
tion, which means the conclusions may not
extend to other races and need to be validated.
Second, although inclusion and exclusion cri-
teria were discussed and made a priori, consid-
ering the complexity of potential factors
associated with blood test, there might still be
some unknown factors affecting the final
results. Third, the sample size is relatively small
and the findings still need to be validated in
studies with a larger population. Fourth, the
manual evaluation of HRF is subjective. Fifth, in
the final study population, seven patients suf-
fered from bilateral DME, and we chose the
worse eye to represent the subject in the anal-
ysis, which might have introduced selection
bias.

CONCLUSIONS

Retinal HRF in DME is associated with systemic
inflammatory markers, which supports the
theory of HRF's inflammatory nature and
emphasizes the important role of systemic
inflammation in DME. More research needs to
be done to evaluate these markers’ potential
meaning in DME management. SII may be a
potential marker for DME treatment decisions.
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