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Abstract

Purpose This study aimed to investigate the relationships among urine parameters, systemic inflammation and
retinal microvascular changes in patients with type 1 diabetes mellitus (T1DM) without clinical signs of diabetic
retinopathy (DR), via optical coherence tomography angiography (OCTA) and the systemic immune-inflammation
index (SI1).

Methods A total of 64 participants, including 33 patients with T1IDM and 31 healthy controls matched by age and
sex, were examined. All the subjects underwent detailed eye assessments and OCTA imaging. Retinal and choroidal
parameters were measured along with systemic markers such as C-reactive protein (CRP), Erythrocyte Sedimentation
Rate (ESR), haemoglobin-A1C (HbATc), spot urine tests and the SlI. Relationships between systemic inflammation,
renal and metabolic parameters, and ocular measurements were analyzed.

Results The T1DM group had significantly higher Sl values (381.78 +57.30 vs. 284.86 +67.88, p<0.001), HbA1c values
(8.21+1.80vs.5.15+0.32, p<0.001), spot microalbumin levels (13.50+26.56 vs. 0.69+0.57, p=0.009), and albumin/
creatinine ratios (0.13+£0.31 vs.0.01+0.01, p=0.031). No significant differences in macular thickness, vascular density
(VD), or foveal avascular zone (FAZ) area were detected between the groups. However, the mean retinal nerve fiber
layer (RNFL) thickness and perifoveal ganglion cell complex (GCC) thickness were significantly lower in the diabetic
group (p<0.05). The Sl was strongly positively correlated with choroidal thickness (r=0.686, p <0.001) and negatively
correlated with parafoveal GCC thickness (r=-0.357, p=0.041). HbA1c was negatively correlated with mean VD (r=-
0.261, p=0.037). No significant correlation was found between the Sll and the FAZ or VD. Significant correlations

were found between the mean vascular density and both the spot creatinine level (r=-0.527, p=0.002) and the spot
microalbumin level (r=-0.355, p=0.043).

Conclusion This study highlights the potential of the Sl as a biomarker for detecting early subclinical retinal and
choroidal changes in T1DM patients before the onset of retinopathy. The observed correlations among spot urine
tests, the Sl and OCTA parameters support the role of systemic inflammation in the early microvascular alterations
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associated with diabetes. These findings may contribute to early diagnosis and novel preventive strategies in DR.
However, given the limited sample size, these findings should be interpreted with caution. Larger, well-stratified
prospective studies are warranted to validate these preliminary observations.

Keywords Choroid, Diabetic retinopathy, Inflammation, Optical coherence tomography, Retinal vessels, Type 1

diabetes mellitus

Introduction

Type 1 diabetes mellitus (T1DM) is a chronic autoim-
mune disease that begins in childhood and young adult-
hood. It develops as a result of autoimmune destruction
of P-cells in the pancreas and is characterized by
decreased endogenous insulin production [1]. TIDM is
not only a disease that disrupts metabolic balance but
also causes many systemic complications in the long
term, negatively affecting the quality of life of patients.
One of the most serious and common long-term compli-
cations of diabetes is microvascular damage, and diabetic
retinopathy (DR) is the most common microvascular
complication of diabetes, with DR being one of the lead-
ing causes of vision loss [2]. The incidence of DR in indi-
viduals with diabetes for more than 15 years has reached
a very high level of 98% [3].

Chronic inflammation plays an important role in the
pathophysiology of TIDM and the development of com-
plications. Hyperglycemia triggers an inflammatory
response in the retinal vascular endothelium by increas-
ing the expression of proinflammatory cytokines (TNF-q,
IL-1pB, and IL-6) and adhesion molecules [4]. This process
leads to microvascular damage by increasing leukocyte
adhesion and accelerating retinal pericyte loss. In addi-
tion, inflammation-based oxidative stress contributes to
the disruption of the blood-retinal barrier and the devel-
opment of macular edema [5, 6]. The role of chronic
inflammation in the pathogenesis of DR paves the way for
the evaluation of anti-inflammatory agents as potential
targets. Currently, the effectiveness of dexamethasone
implants in resistant patients in addition to anti-VEGF
agents in the treatment of DR demonstrates the role of
inflammation in this process [7].

This strong relationship between T1DM and inflam-
mation highlights the importance of systemic inflamma-
tion biomarkers in the diagnosis and treatment of this
systemic disease. C-reactive protein (CRP), the erythro-
cyte sedimentation rate (ESR) and the systemic immuno-
inflammatory index (SII) are among the parameters of
systemic inflammation. The SII is calculated from the
platelet, neutrophil and lymphocyte ratios and stands
out as a comprehensive parameter that reflects not
only inflammation but also the balance of the immune
response. SII has been shown to be an important marker
in various clinical conditions, such as cancer prognosis,
cardiovascular diseases and sepsis, in addition to diabetes
[8-10].

Optical coherence tomography angiography (OCTA)
is a non-invasive technique that allows the examination
of the microvascular structures of the retina and choroid.
Some data obtained with fundus fluorescein angiography
(FFA), which was previously an invasive method, can be
evaluated quickly and quantitatively with OCTA. OCTA
has become an important tool for revealing early changes
in this disease through the examination of many param-
eters in the retina [11, 12]. It can enable us to detect
pathologies in the early stages of DR, which is a micro-
vascular complication of TIDM.

Although recent studies have suggested that the sys-
temic immune-inflammation index (SII) may serve as a
biomarker in diabetic macular edema (DME) and in later
stages of diabetic retinopathy (DR), these studies have
focused on patients with clinically evident disease. For
example, Elbeyli et al. [13] demonstrated the diagnostic
value of SII in DME, while Zhou et al. [14] reported asso-
ciations between OCT parameters and systemic inflam-
mation in treatment-naive DR patients. However, the
potential role of SII in identifying preclinical alterations
has not been adequately investigated.

This study aims to address these gaps by evaluating the
relationship between SII and retinal and choroidal micro-
structural changes in T1IDM patients without any clini-
cal signs of DR. To minimize the confounding hormonal
influences of puberty on retinal development, we specifi-
cally included patients aged between 25 and 35 years.

In this study, the effects of inflammation-based patho-
physiological processes on OCTA data in T1IDM patients
were investigated. In addition to the structural changes
observed with OCTA, the relationships between systemic
inflammation and metabolic parameters (hemogram,
CRP, sedimentation, HbAlc, spot urine tests) were exam-
ined. Some previous studies suggest that the Systemic
Immune-Inflammation Index (SII) may serve as a poten-
tial biomarker in different stages of diabetic retinopathy
(DR) and in the development of macular edema; however,
our study aimed to investigate the role of SII before the
onset of DR and to evaluate this in patients with type 1
diabetes mellitus [13, 15]. By integrating systemic inflam-
matory markers with OCTA findings, we aim to contrib-
ute to the identification of early retinal changes and to
clarify whether systemic inflammation could serve as a
predictor of pre-retinopathic alterations in TIDM.
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Methods

This research was conducted following the principles of
the Declaration of Helsinki and with the approval of our
hospital’s clinical research ethics committee (Approval
number: [2022-KAE-0043]). Written informed consent
was obtained from all participants.

Patient selection

Thirty-three patients with type 1 diabetes mellitus who
were over 25 years of age, had been diagnosed with type
1 diabetes mellitus for at least 5 years and were referred
to the eye clinic for diabetic retinopathy screening were
included in the study. A control group was formed by
obtaining consent to participate in the study from 33 age-
and sex-matched individuals, and only the right eyes of
all the patients were included in the study. The subjects
in the control group were volunteers who applied to the
outpatient clinic for routine refraction examination, did
not have any systemic disease, and did not have habits
such as smoking or alcohol. All patients underwent ante-
rior and posterior segment examinations by two oph-
thalmologists working in the retina clinic. Patients with
any signs of DR on fundus examination were excluded.
Patients with intraocular pressure (Goldman tonometry)
greater than 21 mmHg were excluded.

Imaging protocol

All participants underwent OCTA imaging using SD-
OCT (DRI-OCT Triton, Topcon, Inc., Tokyo, Japan).
High-resolution imaging was performed using a system
operating at an acquisition speed of 100,000 A-scans per
second with a central wavelength of 1050 nm, achieving
an axial resolution of 8 pm within tissue. For macular
analysis, a 6.0 x 6.0 mm radial scan centered on the fovea
was employed to evaluate macular thickness (MT), reti-
nal nerve fiber layer (RNFL) thickness, and ganglion cell
layer (GCL) thickness across the central, superior, infe-
rior, temporal, and nasal sectors, in alignment with the
Early Treatment Diabetic Retinopathy Study (ETDRS)
grid. The parafoveal region was defined as the annular
area extending from 1 to 3 mm from the foveal center,
while the perifoveal region spanned from 3 to 6 mm.
GCL thickness measurements were obtained automati-
cally by the device’s software from the same macular scan
and divided into two groups: parafoveal and perifovel
region. Mean values of these regions analysed. Choroidal
thickness was manually measured using the measure-
ment tool, first at the subfoveal region, and then at points
located 500 pm temporally and nasally from the subfo-
veal point.

Optical coherence tomography angiography (OCTA)
was performed using a 4.5 x4.5 mm scan area to evaluate
the foveal avascular zone (FAZ) and quantify vessel den-
sity (VD) within the superficial capillary plexus (SCP).
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FAZ measurements were derived through manual delin-
eation of the innermost capillary boundaries on the SCP
images. Retinal vascular density in the SCP was quanti-
fied automatically using the device’s integrated analysis
tools. The SCP was delineated by the system’s default
segmentation algorithm, which defines it as the region
extending from 2.6 pm below the internal limiting mem-
brane to 15.6 pm beneath the boundary between the
inner plexiform and inner nuclear layers (IPL/INL).

Patients with any pathology detected in the anterior or
posterior segments during the examination, those with
poor OCTA imaging quality, those with a refractive error
greater than +3 diopters of spherical equivalent, and
patients with any other systemic disease were excluded
from the study. All patients were recorded at the same
time of day, in the same lighting room, by the same tech-
nician to avoid affecting choroidal thickness.

Blood&urine collection and biomarker measurement
Blood and urine samples were collected immediately
after the ophthalmological examination. HbAlc, hemo-
gram, urea, creatinine, sedimentation, CRP, spot protein
in urine, spot creatinine, and spot microalbumin were
also examined. All blood cell counts were obtained from
complete blood counts. The systemic immune-inflam-
mation index (SII) was calculated via the following for-
mula: SII= (neutrophil countxplatelet count)/lymphocyte
count.

Statistics
SPSS 22.0 was used for statistical analyses, and the nor-
mality of the data in the study was evaluated with the
Kolmogorov-Smirnov test. The Mann-Whitney U test
was used for non-normally distributed independent sam-
ples, and for normally distributed dependent samples,
the independent sample t test was used to test whether
there was a difference between the means. The results
are presented as the meanststandard deviations, and
p<0.05 was considered statistically significant.
Correlation calculations were performed exclusively
within the DM group; control cases were not included in
these analyses.

Results

A total of 64 patients were included in this study (case
group: n=33; control group: n=31), and no signifi-
cant difference was found between the case and control
groups regarding age (p =0.887). Although the sex distri-
bution differed between the groups, the difference was
not statistically significant (p =0.061) (Table 1).

The mean systemic immune-inflammation index
(SI) was significantly higher in the T1DM group
(381.78 £57.30) than in the control group (284.86 + 67.88,
p<0.001). Although no significant differences in CRP or
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Table 1 Comparison of demographic data, urine and blood parameters between the T1DM and control groups
Parameter Case Group (n=33) Control Group (n=31) p value
Gender 0061
Female 16 (48.5%) 8 (25.8%)
Male 17 (51.5%) 23 (74.2%)
Age (years) 336+8.1 339487 0.8872
Diabetes mellitus duration(years) 7.0 (5.0-26.0)
Urine spot microalbumin (mg/dL) 13.50+£26.56 0.69+0.57 0.0093
Urine spot Creatinine (mg/dL) 128.06+7522 103.81£88.60 0.244?
Spot albumin/Creatinine (mg/mg) 0.13+0.31 0.01+0.01 0.031°
Hemoglobin A1c (%) 821+1.80 515+0.32 0.000°
SIx (10°/L) 381.78+57.30 284.86+67.88 <0.0012
*Sll: systemic immune-inflammation ' : chi square test, 2 : t test, > : Mann Whitney U test
Table 2 Optic coherence tomography parameters of the patients

Case Group (n=33) Control Group (n=31) p value
Central macular thickness (um) 239.9+26.8 2324+156 0.1722
Average Parafoveal retinal thickness (um) 333.3+106.5 311.0+£10.0 0.2507
Average Perifoveal retinal thickness (um) 2799+185 273.8+10.8 0.110?
Central VD* 205+50 194+46 0.362?
Superior VD* 445+43 446+8.1 09352
Temporal VD* 444+4.1 45.8+3.1 0.112%
Inferior VD* 434+43 449+3.7 0.129?
Nasal VD* 438+35 444%33 0452°
FAZ area (mm? ** 322.8+186.1 277941058 0.237°
Central Choroidal Thickness (um) 307.6+61.2 296.8+72.8 0.5247
Nasal Choroidal Thickness (um) 310.7+62.6 279.9+69.1 0.067?
Temporal Choroidal Thickness (um) 299.9+65.9 2778+734 0.209”
Inferior RNFL (um) *** 138.7+14.7 1449+ 164 0.1167
Superior RNFL (um) *** 1284+169 136.7+15.7 0.046°
Nasal RNFL (um) *** 839+134 88.2+148 0.227?
Temporal RNFL (um) *** 84.7+13.7 84.0+10.5 0.8082
Mean (um) RNFL*** 1089+7.7 1134+97 0.0452
Average Parafoveal GCC thickness (um) **** 1173+69 121.5+10.9 0.0682
Average Perifoveal GCC thickness (um) ***** 1052473 1106+86 0.0092

*VD: Vascular density, **FAZ: Foveal avascular zone ***RNFL: Retinal nerve fiber layer, ****Ganglion cell complex, ' : chi square test, 2: t test

ESR levels were detected between the groups (p=0.814
and p=0.408, respectively), spot microalbumin levels
were notably elevated in the T1IDM group (13.50 +26.56
vs. 0.69+0.57, p=0.009). Similarly, the albumin/cre-
atinine ratio was significantly greater in T1DM patients
(0.13+£0.31 vs. 0.01+£0.01, p=0.031). HbAlc levels were
also markedly higher in the T1IDM group (8.21+1.80
vs. 5.15+0.32, p<0.001). No significant differences were
detected in the spot creatinine levels (p =0.244).

In the evaluation of the macular and vascular struc-
tures, no significant differences were found between
the case and control groups regarding central macular
thickness, mean parafoveal macular thickness, mean
perifoveal macular thickness, VD averages or FAZ area
measurements (all p values >0.05) (Table 2)(Figure-1).

In terms of choroidal thickness measurements,
although the subfoveal, nasal and temporal quadrant cho-
roidal thicknesses were greater in the diabetic group than

in the control group, this difference was not statistically
significant (p=0.524, p=0.067, p=0.209, respectively).
A strong positive correlation was observed between the
mean choroidal thickness and the systemic immune-
inflammation index (SII) (r=0.686, p<0.001) (Table 3).
Only statistically significant correlations (p <0.05) were
included in Table 3. No statistically significant correla-
tions were observed between the remaining systemic bio-
markers and the OCT/OCTA parameters.

In the retinal nerve fiber layer (RNFL) analysis, the
superior quadrant RNFL thickness (p=0.046) and the
mean RNFL thickness (p =0.045) were significantly lower
in the diabetic group. When the ganglion cell thicknesses
were compared, the perifoveal ganglion cell layer thick-
ness was also found to be significantly lower in the dia-
betic group (p=0.009).

Correlation analysis using Pearson’s coefficient revealed
several statistically significant relationships between
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Fig. 1 OCTA images of a control (A) and a type-1 DM patient (B)
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Table 3 Correlations between inflammatory and renal parameters and optic coherence tomography parameters

Parameter 1 Parameter 2 Pearsonr p value
Mean VD* Spot Creatinine -0.527 0.002
Mean VD* Spot Microalbumin -0.355 0.043
FAZ Area(m m? ** Spot Creatinine 0.348 0.047
FAZ Area(mm? ** Spot Microalbumin 0.371 0.034
Perifoveal Retinal Thickness(um) Spot Microalbumin 041 0.018
Perifoveal Retinal Thickness(um) Albumin/Creatinine Ratio 0415 0.016
Parafoveal Ganglion Cell Layer(um) SIpex* -0.357 0.041
Mean choroidal thickness(um) SlpF* 0.686 <0.001

*VD: Vacular density
**FAZ: Foveal avascular zone
***S|1: Systemic immune-inflammation index

inflammatory, renal, and retinal parameters. A moder-
ate negative correlation was found between spot creati-
nine and mean vascular density (r = -0.527, p =0.002) and
between spot microalbumin and mean vascular density
(r = -0.355, p=0.043), suggesting that worsening renal
marker levels may be associated with decreased retinal
microvascular perfusion.

Additionally, the foveal avascular zone (FAZ) area
was moderately positively correlated with both spot
creatinine (r=0.348, p=0.047) and spot microalbumin
(r=0.371, p=0.034), whereas perifoveal retinal thick-
ness was positively correlated with spot microalbumin
(r=0.410, p=0.018) and the albumin/creatinine ratio
(r=0.415, p=0.016). A moderate negative correlation was
observed between the systemic immune-inflammation
index (SII) and parafoveal ganglion cell complex thick-
ness (r = -0.357, p=0.041), indicating a potential link
between systemic inflammation and early neuroretinal
thinning in T1DM patients without clinical retinopathy.

A post-hoc power analysis based on the correlation
between the foveal avascular zone (FAZ) area and spot
urine microalbumin levels (r=0.371) yielded a statistical
power of 0.88 (a=0.05, two-tailed), indicating that the
sample size was adequate to detect this moderate asso-
ciation with a high degree of reliability.

Discussion

The effects of type 1 DM on the retina and choroid prior
to retinopathy have already been demonstrated in some
previous studies. While some of these studies include
pediatric cases, some also include patients with DR.
Although examining the effects of type 1 DM on the
retina in childhood is advantageous in terms of exclud-
ing the effects of systemic diseases, it may be misleading
to examine only the effects of type 1 DM when it is con-
sidered that many hormones that are effective in puberty
also have systemic effects [16]. To avoid the influence
of pubertal hormonal changes on ocular structures, we
focused on a relatively narrow adult age group (25-35

years), allowing a more isolated evaluation of diabetes-
related effects.

The effect of systemic inflammation on choroidal thick-
ness has been investigated in various studies. Changes
in choroidal thickness have been observed, especially in
systemic inflammatory diseases affecting vascular struc-
tures. A study conducted in individuals with Behget’s
disease reported that subfoveal choroidal thickness
increased even in patients without active ocular inflam-
mation and that this could be an indicator of subclinical
ocular and systemic immune response [17]. Similarly,
studies conducted in patients with juvenile systemic
lupus erythematosus have shown that choroidal thick-
ness increases during the active phases of the dis-
ease and that this increase is associated with the active
phases of systemic vasculitis [18]. These findings suggest
that immune activation may have both increasing and
decreasing effects on choroidal thickness and that cho-
roidal thickness can be used as a biomarker of systemic
immune response.

Previous studies investigating choroidal thickness in
T1DM patients have reported conflicting results. Some
have found increased thickness in patients without DR or
with mild DR [19, 20, 21, 22, 23], while others reported
significant thinning [24, 25, 26, 27]. Aksoy et al. [19] dem-
onstrated increased choroidal vascularity index in TIDM
patients without DR, suggesting early choroidal involve-
ment. Duration of diabetes may be a contributing factor;
for instance, Elvira et al. 28 observed thicker choroids in
patients with diabetes duration <24 years, while longer
disease duration was associated with thinning. Our find-
ings are novel in that we are the first to demonstrate a
strong association between SII and choroidal thickness
in T1DM patients without DR. Choroidal thickening may
be multifactorial and reflect early inflammatory involve-
ment. SII incorporates neutrophil, platelet, and lympho-
cyte counts; it is reasonable that the observed increase
in choroidal thickness may be result of inflammatory-
induced vascular dysregulation [8, 9]. One possible
explanation is vascular dilation of the choroidal vessels
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secondary, leading to increased choroidal blood flow [4,
16]. Alternatively, interstitial edema due to increased
vascular permeability and disruption of the choroid’s
blood-retinal barrier may also contribute4, 17. The cho-
roid’s dense vasculature and high metabolic demand
make it particularly susceptible to systemic inflammatory
changes16, 17. These hypotheses suggest that choroidal
thickness, although a nonspecific measure, may serve as
a marker of early microvascular compromise in diabetes.

There are varying data in the literature on the effects
of type 1 DM on VD rates in the SCP. While some stud-
ies have shown that there is no significant difference in
VD when healthy controls are compared with type 1
DM patients without DR [29, 30, 31, 32, 33], some stud-
ies have reported that statistically significant differ-
ence [34]. Although the VD rate was low in type 1 DM
patients in our study, this difference was not statistically
significant. Our findings suggest that the mean VD val-
ues were negatively correlated with spot urine creatinine
and microalbumin. Cankurtaran et al. [35] also examined
the relationship between microalbuminuria and OCTA
findings and demonstrated that there was a correlation
between VD in the SCP and DCP layers and microalbu-
minuria even in the absence of retinopathy. These find-
ings are consistent with the presence of microangiopathic
changes in both the renal and retinal systems.

When the FAZ areas were examined in diabetic
patients, there were studies with similar results to our
study in which the difference was not statistically sig-
nificant [29, 31, 36, 37, 38]. In some studies, it was sta-
tistically demonstrated that the FAZ area was wider in
diabetic patients than in non-diabetic patients [23, 39].
When the relationship between the FAZ area and hbAlc
in the cases was examined, Gotebiewska ] et al. [40]
reported that there was no statistically significant differ-
ence, similar to our study. Dm duration was also found to
be correlated with the FAZ area in some studies [34].

The observed correlations between spot urine micro-
albumin and creatinine levels with both FAZ area and
vascular density support the notion of a shared microvas-
cular disease process in the retina and kidneys. Previous
studies have demonstrated that FAZ enlargement corre-
lates with systemic microvascular dysfunction, such as
diabetic nephropathy, highlighting the utility of FAZ area
as a sensitive indicator of microvascular impairment [41].
Given that both organs are highly sensitive to early cap-
illary dysfunction, these findings may reflect a broader
pattern of endothelial injury in TIDM. Retinal OCTA
parameters may thus serve as noninvasive indicators of
early renal microvascular stress, even in the absence of
overt nephropathy.

When we examined the RNFL thicknesses of the
groups, no significant differences were detected in the
inferior, nasal or temporal quadrants, whereas the mean
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RNFL and superior quadrant thicknesses were lower in
the diabetic group despite the absence of retinopathy.
Chen et al. [42] also revealed thinning in the superior
quadrant in the type 1 DM group, but unlike our study, it
was not statistically significant. Marc et al. [24] reported
significant thinning in the nasal quadrant. This thin-
ning, which occurs before DR, suggests early neurode-
generative processes. Since both RNFL and GCC layers
are composed of retinal ganglion cell axons and bodies
respectively, these changes may reflect diabetic neuro-
degeneration [43]. The thinning in both layers supports
the hypothesis that neuronal injury may precede micro-
vascular impairment in diabetic retinal pathology [44].
These findings are consistent with prior studies suggest-
ing that chronic hyperglycemia and systemic inflamma-
tion may lead to apoptosis of retinal neurons [8, 34, 44].
The observed negative correlation between SII and para-
foveal GCC thickness shows the potential contribution
of systemic immune response to early retinal neuronal
damage in TIDM.

In the present study, the ganglion cell layer thickness in
perifoveal region was significantly thinner in the diabetic
group than in the control group, which was similar to the
results of most studies [44, 45, 46]. Our study revealed a
negative correlation between the parafoveal ganglion cell
layer thickness and the SII. These findings indicate that
neurodegenerative loss may occur due to the inflamma-
tory process. Immune activation may trigger neuroreti-
nal damage through oxidative stress, cytokine-mediated
neurotoxicity (e.g., TNF-«, IL-6), and mitochondrial dys-
function, all of which contribute to retinal ganglion cell
apoptosis before vascular signs of DR appears [8, 43].

Elevated SII was associated with both inner retinal neu-
rodegeneration, reflected by GCC thinning, and micro-
vascular compromise, indicated by reduced vessel density
and enlarged FAZ. These findings support the hypothesis
that inflammation contributes to parallel retinal neuro-
nal and microvascular injury. Correlations between SII
and choroidal vascularity may show that SII may influ-
ence ocular microcirculation beyond the retina. Taken
together, SII appears to act as a systemic marker of neu-
rovascular stress, potentially linking systemic immune
dysregulation to early subclinical changes in both retinal
and choroidal structures.

In subclinical retinal changes, neurodegeneration may
precede overt microvascular alterations. Several studies
have reported that neuronal loss can be detected before
microvascular abnormalities occur in OCTA or fundus
examination [44, 45]. Oxidative stress, mitochondrial
dysfunction, and activation of proinflammatory and
apoptotic pathways are triggered as a result of chronic
hyperglycemia, which affect retinal neurons even in the
absence of vascular compromise [8, 43].
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OCTA may have limited sensitivity in detecting capil-
lary dropout in preclinical diabetic retinopathy, espe-
cially within the superficial capillary plexus (SCP), due
to segmentation variability and projection artifacts. In
contrast, structural parameters such as RNFL and GCC
thickness can be quantitatively and reproducibly mea-
sured, making them more sensitive indicators of early
damage [44, 46].

The observed correlations between retinal, choroidal,
and systemic inflammation markers suggest that such
combined evaluations may support the early diagnosis of
DR in T1DM patients and contribute to future targeted
treatment approaches.

Since patients without DR were included in our study,
the relationship between DR stage and the SII could not
be examined. This relationship can be examined in more
detail with a larger case group and patients with different
DR stages, and perhaps new treatments can be developed
by targeting these values in DR treatment. Another limi-
tation of this study is the absence of axial length measure-
ments. Due to the cross-sectional nature of our study, we
cannot establish all causal relationships. Longitudinal
studies with larger cohorts and functional assessments
are needed to confirm whether these imaging and labo-
ratory findings can serve as reliable early indicators of
microvascular damage and progression. Given its acces-
sibility from routine blood counts, the SII could serve as
a practical and cost-effective tool for early DR risk evalu-
ation in clinical settings. However, further studies are
needed to define clinically meaningful cutoff values for
this biomarker.

Conclusion

Since there are no publications in the literature that
include all choroidal and inflammatory markers and
urine markers in type 1 DM patients, this feature dis-
tinguishes our study from others. This study highlights
that the systemic immune-inflammation index (SII)
may reflect early retinal and choroidal microstructural
changes in patients with type 1 diabetes mellitus before
clinical signs of DR appear.
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