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Purpose: Type 2 diabetic retinopathy is a long-term chronic inflammatory disease. The aim of this study was to investigate the
relationship between fibrinogen to albumin ratio (FAR) and retinopathy in type 2 diabetic patients.

Methods: This was a retrospective study that included 500 patients with type 2 diabetes mellitus (T2DM), and were divided into non-
diabetic retinopathy group (NDR, n=297) and diabetic retinopathy group (DR, n=203) according to fundus examination findings, and
the DR group was further divided into non-proliferative retinopathy group (NPDR, n=182) and proliferative retinopathy group (PDR,
n=21). Baseline data of patients were collected, and the fibrinogen to albumin ratio (FAR) and neutrophil to lymphocyte ratio (NLR)
were calculated to analyze the correlation between FAR and NLR and type 2 diabetic retinopathy.

Results: The FAR and NLR were significantly higher in the DR group compared with the NDR group (both P < 0.001). Spearman
correlation analysis showed that FAR was positively correlated with NLR and DR (P < 0.05). As the FAR quartile increased, the prevalence
of DR increased (14.8%, 16.7%, 25.1%, and 43.30%, respectively; P < 0.05). Multifactorial logistic regression analysis showed that FAR,
diabetic course, systolic blood pressure (SBP) and diabetic peripheral neuropathy (DPN) were risk factors for the development of DR in
patients with T2DM. The area under the ROC curve for FAR to predict DR progression was 0.708, with an optimal critical value of 7.04, and
the area under the ROC curve for diabetes duration and SBP to predict DR was 0.705 and 0.588, respectively.

Conclusion: Our findings show for the first time that FAR is an independent risk factor for assessing DR in patients with type 2 diabetes.
Keywords: fibrinogen to albumin ratio, type 2 diabetes mellitus, diabetic retinopathy, inflammation, influencing factors

Introduction

Diabetic retinopathy (DR) is a localized microvascular pathology of the retina in people living with diabetes caused by
long-term high glucose, and is one of the common complications of T2DM.' With the increasing prevalence of type 2
diabetes, DR has become one of the leading causes of blindness worldwide, especially in working-age people, and
seriously affects the quality of life of patients.”” Recent studies have shown that the retinal vessels are the only small
blood vessels visible to the unaided human eye, yet diabetic retinal neuropathy, which is not visible to the unaided human
eye, occurs earlier than retinal vasculopathy.* Currently, the early identification and diagnosis of DR in clinical practice
mainly relies on ophthalmologic examination and also requires the use of ocular ultrasound, and there is a lack of simple,
feasible and hematologic biomarkers that can reflect the severity of the disease. Therefore, the search for simple, fast and
feasible predictors can help in the early diagnosis and prevention of DR.

An increasing number of studies have identified an important role of chronic low-grade inflammatory response in the
pathogenesis of DR.> Neutrophil/lymphocyte ratio (NLR), an indicator of inflammation, is positively associated with DR
in patients with T2DM.® Previous studies found that fibrinogen (FIB) is not only an indicator of coagulation but also
a marker of inflammation. Huang et al’ found that FIB levels correlated with DR in T2DM patients. Meanwhile, albumin
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(ALB) has antioxidant and anti-inflammatory functions.® Therefore, the fibrinogen to albumin ratio (FAR) may reflect the
inflammatory state and may be associated with the development of chronic inflammation-related diseases. FAR has been
found to be associated with the development and prognosis of cancer, COVID-19 and diabetic nephropathy.’ ' However,
the correlation between FAR and DR has received little attention so far. FAR is calculated by biochemical tests and has
the advantages of being simple, inexpensive and noninvasive. Therefore, the purpose of this study was to analyze the risk
factors for retinopathy in type 2 diabetic patients and to investigate the role of FAR in DR.

Methods

Study Design

This was a cross-sectional study. The study was conducted in accordance with the Declaration of Helsinki and approved
by the Hebei General Hospital Ethics Committee.

Study Participants

This is a retrospective study in which clinical data were collected from a total of 500 patients with clearly diagnosed type 2
diabetes mellitus in the Hebei General Hospital between August 2019 and June 2021. All patients with T2DM were
diagnosed according to the World Health Organization (WHO) 1999 diagnostic criteria for diabetes.'* Patients with type 1
DM patients or acute complications of type 2 DM patients, pregnancy and lactation, severe cardiac, hepatic or renal
insufficiency or cancer, cataract, glaucoma or other ophthalmic diseases, recent infections or those with immune system or
hematologic disorders were excluded. All patients underwent fundus examination and were divided into non-diabetic
retinopathy group (NDR, n=297) and diabetic retinopathy group (DR, n=203) according to the DR grading criteria
established by the International Academy of Ophthalmology in 2002."* The DR group was divided into non-proliferative
diabetic retinopathy (NPDR, n=182) and proliferative diabetic retinopathy (PDR, n=21). The study was approved by the
Ethics Committee of the Hebei General Hospital, and all participants signed an informed consent form.

Data Collection and Laboratory Analysis

Basic information on the included population was collected, including age, gender, duration of diabetes, history of
smoking, history of alcohol, SBP, diastolic blood pressure (DBP) and DPN, as well as body mass index (BMI) calculated
by measuring height and weight. Laboratory tests, including glycosylated hemoglobin (HbAlc), fasting blood glucose
(FPG), fibrinogen (FIP), serum albumin (Alb), white blood cells, neutrophils, lymphocytes, monocytes, glutamic
aminotransferase (ALT), glutamic oxalacetic aminotransferase (AST), total cholesterol (TC), and triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), hemoglobin (HGB), glomerular
filtration rate (eGFR), creatinine (Cr), urea nitrogen (BUN), uric acid (UA), etc. FAR was calculated by dividing
fibrinogen by albumin, NLR by neutrophil count (x 10° / L) divided by lymphocyte count (x 10 /L).

Statistical Analyses

SPSS 25.0 was applied to analyze the collected data, and GraphPad Prism 8.0.2 was plotted. Normally distributed data
were expressed as mean =+ standard deviation, and independent samples #-test was used for comparison between groups;
non-normal data were expressed as median and interquartile spacing [M (P,s0,, P750,)], and Mann—Whitney U-test was
used for comparison between groups. Count data were expressed as percentages (%), and the ){2 test was used for
comparison between groups. Spearman correlation was used for correlation analysis. Binary logistic regression was used
to analyze the risk factors of DR in T2DM patients, and grouping was performed according to the quartiles of FAR with
trend test, and subject operating characteristic curve (ROC) and area under the curve (AUC) were applied to determine
the predictive value of FAR for the occurrence of DR in patients with T2DM. Statistical significance was detected
bilaterally, and the difference was considered statistically significant at P < 0.05.
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Results

Participant Characterization

Among all T2DM patients, the duration of diabetes was much longer in DR patients than in non-DR patients (P < 0.01).
Higher age, systolic blood pressure, DPN, HbAlc, GFR, FIB, Neutrophils, Lymphocytes, NLR, and FAR and lower
levels of BMI, SUA, ALT, AST, and ALB were observed in patients with DR (all P < 0.05). However, no significant
differences were observed in gender, smoking history, alcohol history, diastolic blood pressure, Hypertension, FPG, TC,
TG, HDL-C, LDL-C, BUN, and Scr between DR and non-DR patients (Table 1). DR patients were divided into two
groups (PDR and NPDR) according to severity. The PDR group had higher DM duration, FIB NLR, and FAR levels were
higher in the PDR group than in the NPDR group, and the differences were statistically significant (P < 0.05) (Table 2).

Correlation Between FAR and Various Indicators in Patients with T2DM

Correlation analysis showed that FAR showed positive correlation with age, gender, DM duration, SBP, Hypertension,
DR, DPN, HbAlc, FIB, Neutrophils, NLR (P < 0.05), and negative correlation with smoking, alcohol consumption,
SUA, Scr, GFR, ALT, AST, ALB (P < 0.01), and no significant correlation with other indicators (Table 3).

Table | Baseline Patient Characteristics and Laboratory Results

Variable NDR Group DR Group Statistic P

(n =297) (n =203)
Age (years) 54(45,62) 58(50,67) —4.243 <0.001*
Male 167(56.20%) 101(49.80%) 2.033 0.154
DM duration (years) 5(1,10) 11(6,18) -7.797 <0.001*
BMI (Kg/m?) 26.57(24.06,28.52) 25.44(23.61,28.04) -2.285 0.022*
Smoking (%) 82(27.60%) 54(26.60%) 0.062 0.803
Drinking (%) 81(27.30%) 55(27.10%) 0.002 0.965
SBP (mmHg) 131.31£17.30 136.61+17.95 -3.313 0.001*
DBP (mmHg) 82.57+10.80 81.59+10.88 0.991 0.322
Hypertension 120(40.40%) 91(44.80%) 0.967 0.325
DPN (%) 133(44.80%) 160 (78.8%) 57.581 <0.001*
FBG (mmol/l) 8.24(6.3,10.72) 8.64(6.59,10.92) -0.844 0.399
HbAlc (%) 8.6(7,10.5) 9.1(8,10.2) -2.471 0.013*
TC (mmol/l) 4.73(3.88,5.5) 4.57(3.7,5.45) —-1.162 0.245
TG (mmol/l) 1.57(1.05,2.33) 1.44(0.97,2.07) —-1.698 0.090
LDL (mmol/l) 3.11£0.90 3.01£0.96 1.141 0.254
HDL (mmol/l) 1.05 (0.9, 1.24) 1.07 (0.91, 1.22) -0.387 0.699
SUA (umol/L) 316.9 (263, 374.65) 291 (244.6, 349.2) -2.772 0.006*
BUN (mmol/L) 5.2 (44, 6.2) 5.3 (4.6, 6.5) -1.802 0.072
Scr (umol/L) 63.6 (54.65, 72.85) 63.8 (54.3, 75.6) -0.114 0.909
GFR (mL/min) 103.58 (94.68,112.22) 97.64(90.28,109.96) -3.33 0.001*
ALT (U/L) 22.2(15.35,31.85) 17.8(12.9,24.4) —4.206 <0.001*
AST (U/L) 20.2(16.8,24.95) 19(15.7,25.19) -1.999 0.046*
ALB (g/L) 43.1(40.4,45.35) 40.9(38.5,43.7) —5.524 <0.001*
FIB (mg/dL) 251(224,281) 290(240,341) —6.595 <0.001*
Neutrophils (10° /L) 3.49(2.91,4.125) 3.78(3.02,4.76) —2.663 0.008*
Lymphocytes (10° /L) 1.88(1.49,2.31) 1.73(1.41,2.22) -2.202 0.028*
NLR 1.82(1.45,2.35) 2.12(1.60,2.77) -3.661 <0.001*
FAR 5.86 (5.21, 6.64) 6.83 (5.89, 8.22) -7.895 <0.001*

Notes: data are expressed as mean * standard deviation or median (25th - 75th interquartile spacing). *Indicates statistical significance

(P < 0.05).

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; DPN, diabetic peripheral neuropathy;
FBG, fasting blood glucose; HbAlc, glycated hemoglobin; TC, total cholesterol; TG, triglycerides; LDL, low-density lipoprotein; HDL,
high density lipoprotein; SUA, serum uric acid; BUN, urea nitrogen; Scr, serum creatinine; GFR, glomerular filtration rate; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALB, albumin; FIB, fibrinogen; NLR, neutrophil to lymphocyte ratio; FAR, fibrinogen

to albumin ratio.
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Table 2 Comparison of General Data and Biochemical Indexes Between NPDR and PDR Groups
Variable NPDR Group PDR Group Statistic P
(n =182) (n=21)
Age (years) 58(50,67) 59(48.5,66) -0.29 0.771
Male 91(50.00%) 10(47.60%) 0.043 0.836
DM duration (years) 10(5.75,17) 22(17,30) —5.494 <0.001*
BMI (Kg/mz) 25.19(23.44,27.94) 26.85(24.54,30.09) —1.663 0.096
Smoking (%) 49(26.90%) 5(23.80%) 0.093 0.76
Drinking (%) 52(28.60%) 3(14.30%) 1.945 0.163
SBP (mmHg) 136.71+17.84 135.71£19.25 0.24 0.811
DBP (mmHg) 81.69+10.93 80.71%10.60 0.389 0.697
Hypertension 82(45.10%) 9(42.90%) 0.037 0.848
DPN (%) 141(77.50%) 19(90.50%) 1.907 0.167
FBG (mmol/l) 8.48(6.50,10.93) 9.03(6.8,10.56) —0.647 0517
HbAlc (%) 9.1(7.98,10.33) 8.6(8,9.7) —0.936 0.349
TC (mmol/l) 4.58(3.66,5.46) 4.56(3.92,5.07) —0.01 0.992
TG (mmol/l) 1.45(0.92,2.09) 1.43(1.03,1.89) —0.041 0.967
LDL (mmol/l) 3.0251+0.96264 2.9105+0.91265 0.519 0.604
HDL (mmol/l) 1.06(0.91,1.21) 1.12(0.97,1.30) —1.042 0.298
SUA (umol/l) 288.8 (242.475,348.45) | 299.7 (245.5,368.75) | —0.457 0.648
BUN (mmol/L) 5.3(4.6,6.53) 5(4.65,5.8) —0.891 0.373
Scr (umol/L) 64.72+16.46 66.3+12.53 —0.425 0.671
GFR (mL/min) 98.66+16.45 97.20+13.74 0.392 0.696
ALT (U/L) 18.2(12.88,24.7) 15.5(12.8,21.55) -1.114 0.265
AST (U/L) 19(15.88,25.35) 18.8(13.1,21.65) =112 0.266
ALB (g/L) 41.05(38.65,43.93) 40.3 (37.25,41.15) —1.738 0.082
FIB (mg/dL) 284 (238.75, 335.75) 339 (275,422) —2.436 0.015%
Neutrophils (IO9 /L) 3.7(3.03,4.63) 4.15(2.94,6.21) -1.76 0.078
Lymphocytes (IO9 /L) | 1.74(1.45,2.24) 1.51(1.25,1.96) —1.271 0.204
NLR 2.08(1.59,2.66) 2.77(1.87,3.74) —2.499 0.012%*
FAR 6.70 (5.83, 8.02) 8.25 (6.84, 10.81) —2.736 0.006*
Notes: data are expressed as mean * standard deviation or median (25th-75th interquartile spacing). *Indicates statistical
significance (P < 0.05).
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; DPN, diabetic peripheral
neuropathy; FBG, fasting blood glucose; HbAlc, glycated hemoglobin; TC, total cholesterol; TG, triglycerides; LDL, low-density
lipoprotein; HDL, high density lipoprotein; SUA, serum uric acid; BUN, urea nitrogen; Scr, serum creatinine; GFR, glomerular
filtration rate; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; FIB, fibrinogen; NLR, neutrophil to
lymphocyte ratio; FAR, fibrinogen to albumin ratio.
Table 3 Univariate Correlation Analysis of FAR with
Each Indicator
Item r P-value
Age (years) 0.209 <0.001*
Male 0.151 0.001*
DM duration (years) 0.266 <0.001*
BMI (Kg/mz) —0.083 0.063
Smoking (%) —0.155 <0.001*
Drinking (%) -0.130 0.004*
SBP (mmHg) 0.094 0.036*
DBP (mmHg) —0.053 0.238
Hypertension 0.098 0.029*
DR 0.353 <0.001*
DPN 0.209 <0.001*
(Continued)
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Table 3 (Continued).

Item r P-value
FBG (mmol/l) —0.002 0.956
HbAlc (%) 0.104 0.02%
TC (mmolll) 0.003 0.946
TG (mmol/l) —0.081 0.072
LDL (mmol/l) 0.017 0.708
HDL (mmol/l) 0.013 0.776
SUA (pmol/L) —-0.122 0.006*
BUN (mmol/L) 0.017 0.708
Scr (umol/L) -0.102 0.023*
GFR (mL/min) —0.158 <0.001*
ALT (U/L) -0.304 <0.001%*
AST (U/L) —0.155 0.001*
ALB (g/L) —0.468 <0.001%*
FIB (g/L) 0914 <0.001*
Neutrophils (10° /L) | 0.186 <0.001%*
Lymphocytes (10° /L) | —0.059 0.189
NLR 0.209 <0.001%*

Notes: *Indicates statistical significance (P < 0.05).

Abbreviations: BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; DPN, diabetic peripheral neuropathy;
FBG, fasting blood glucose; HbA ¢, glycated hemoglobin; TC, total cho-
lesterol; TG, triglycerides; LDL, low-density lipoprotein; HDL, high den-
sity lipoprotein; SUA, serum uric acid; BUN, urea nitrogen; Scr, serum
creatinine; GFR, glomerular filtration rate; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; ALB, albumin; FIB, fibrinogen; NLR,
neutrophil to lymphocyte ratio; FAR, fibrinogen to albumin ratio.

FAR is Closely Related to NLR

Linear regression and correlation analysis showed a significant linear correlation between FAR and NLR (adjusted R* =

0.356; P < 0.001) (Figure 1).

FAR Interquartile Spacing and DR Trend Test in T2DM Patients

All enrolled patients were grouped according to their FAR interquartile spacing levels (A~D) and divided into groups
A (FAR <5.3689), B (5.3689 < FAR < 6.1924), C (6.1924 < FAR < 7.1881), and D (FAR > 7.1881) for trend tests. The
prevalence of DR increased with increasing FAR quartiles (14.8%, 16.7%, 25.1%, and 43.30%, respectively), and the

differences were statistically significant (P < 0.05) (Table 4).

60

R?=0.356
P<0.001

20

Figure | Simple linear regression analysis of FAR versus NLR for all T2DM patients.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; FAR, fibrinogen to albumin ratio.
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Table 4 FAR Interquartile Spacing and Detection Rate of DR for Trend Test

FAR Quartiles Cardinality P-value

A(n=125) | B(n=125) | C (n=125) | D (n=125)

DR (%) 14.8% 16.7% 25.1% 43.30% 69.621 <0.001

Note: P < 0.05 was considered statistically significant.

Table 5 Multifactorial Logistic Regression Analysis of DR in Patients with T2DM

B SE Wald X? P OR 95% ClI
DM duration (years) 0.072 0.017 17.184 <0.001* 1.075 1.039-1.112
SBP (mmHg) 0.019 0.007 7.651 0.006 1.019 1.005-1.032
DPN (%) 1.292 0.243 28.364 <0.001* 3.639 2.262-5.855
FAR 0.41 0.082 25.031 <0.001* 1.507 1.283-1.769

Note: *Indicates statistical significance (P < 0.05).
Abbreviations: SBP, systolic blood pressure; DPN, diabetic peripheral neuropathy; FAR, fibrinogen to albumin ratio.

Multi-Factor Logistic Regression Analysis of DR

After using DR as the dependent variable, variables with differences in the comparison of basic data as independent
variables, and excluding covariates such as ALB and FIB, multi-factor logistic regression analysis was performed, and
the results showed that the duration of diabetes, SBP, DPN and FAR were independent risk factors for DR, in which,
controlling for other independent variables, each unit increase in FAR increased the T2DM patients were 0.507 times
more likely to develop DR (P < 0.001) (Table 5).

ROC Curve Analysis of FAR and DR

The area under the curve (AUC) of FAR for predicting DR according to the ROC curve was 0.708 (95% CI = 0.66 ~
0.756, P < 0.001). At the maximum of the Jorden index, the FAR cut-off value of 7.04 had the best predictability of DR
with a sensitivity of 47.8% and specificity of 87.2%. DM duration greater than 114 months had 65% sensitivity and 69%
specificity in predicting DR with an area under the curve of 0.705 (95% CI = 0.658 ~ 0.752, P < 0.001). SBP levels
greater than 136 mmHg had 52.2% sensitivity and 63.3% specificity in predicting DR, with an area under the curve of
0.588 (95% CI = 0.538 ~ 0.639, P = 0.001) (Figure 2).

1.0

0.8
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EN
1

Sensitivity

bng
N
1

/

Duration of DM(AUC=0.705)
—— SBP(AUC=0.588)
—— FAR(AUC=0.708)

0.0 I' 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

1 -Specificity

0.2

Figure 2 ROC curve analysis of the predictive value of fibrinogen to albumin ratio (FAR), duration of diabetes mellitus (DM) and systolic blood pressure (SBP) for DR.

1864 "= Diabetes, Metabolic Syndrome and Obesity 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Chen et al

Discussion

The number of DR patients worldwide continues to rise as the prevalence of DM increases.'* DR is classified according to the
course of the disease into NPDR and PDR. NPDR retinas show microaneurysms, hemorrhages, and exudates, while PDR is
mainly characterized by the formation of neovascularization.'>'® The pathogenesis of DR is not fully understood, and is
currently thought to be related to abnormal metabolic pathways, oxidative stress and inflammation.'”'® Among them, chronic
inflammation is a key factor in the development of DR.

Fibrinogen is a soluble protein synthesized primarily by the liver that reflects inflammatory changes in vascular
lesions and the coagulation status of the body.'>** Fibrinogen concentration increases exponentially when the body
undergoes tissue damage and inflammatory response.?’ Previous literature suggests a link between fibrinogen and
inflammation involved in the progression of DR.”*? In the present study, we found that fibrinogen levels were
significantly higher in the DR group compared to the NDR group, and fibrinogen levels were higher in the PDR
subgroup compared to the NPDR subgroup, suggesting that fibrinogen levels are associated with the development of DR
in people living with diabetes, which is consistent with the findings of Huang et al’ Albumin plays an important role in
extracellular antioxidant and immune defense mechanisms, has been shown to have protective anti-inflammatory
properties,”> and is associated with microvascular complications in T2DM.® FAR is the ratio of fibrinogen to albumin,
and some studies'' have shown that FAR better reflects inflammatory status than fibrinogen or albumin alone, and,
because it is simple and economical to obtain, helps clinicians in the initial assessment of the patient’s condition is
facilitated by its easy and economical availability.

FAR has been found to be closely associated with diabetes and can be used to predict and evaluate diabetes-related renal
vascular disease,'! and atherosclerosis.”* However, the association between FAR and DR has not been reported. In our
study, FAR and NLR were higher in the DR group than in the NDR group, and FAR and NLR were higher in the PDR
subgroup than in the NPDR subgroup, both of which were positively correlated with DR, and the risk of developing DR in
patients with type 2 diabetes gradually increased with higher FAR levels. In addition, recent studies have shown that
fibrinogen is a key regulator of inflammation.”> Specifically, fibrinogen regulates the interaction between leukocytes and
endothelial cells to mediate the release of cytokines and chemokines to activate macrophages,*® which are considered to be
the basic cells of inflammation.?” Also, it can bind to CD11b/CD18 integrin receptors thereby inducing monocytes to
express TNF-a and IL-1.%® In addition, numerous studies have demonstrated that NLR is strongly associated with DR
severity and is an independent predictor of DR.%?° Our study showed that FAR was positively correlated with NLR. In
summary, we hypothesize that FAR may be involved in the pathogenesis of DR by influencing inflammation, but further
confirmation with large sample size data is needed in the future.

The ROC curve analysis in this study showed that the best critical value of FAR to predict DR progression was 7.04 with
an AUC value of 0.708, suggesting that FAR has a good predictive value for DR occurrence in T2DM patients and may be
a potential marker to assess the occurrence of DR in T2DM patients. When the FAR exceeds 7.04 in people living with
diabetes, further clarification is needed to determine whether DR occurs. In addition, the duration of diabetes mellitus is an
influencing factor for DR. a longer duration of DM represents a longer exposure to risk factors and an increased incidence of
DM-related complications in DM patients. A prospective cohort study®° showed that the incidence of DR increased with
increasing duration of DM disease, and the results of this study are consistent with this.

However, there are some limitations of the current study. First, this study was a retrospective study of clinical cases
with some selection bias, and the sample size of this study was small, which needs to be validated by multicenter, large
sample, and prospective studies in the future. Second, the relationship between the inflammatory mechanism of diabetic
retinopathy and different types of diabetes deserves further study. Finally, long-term clinical observation of fibrinogen
may also provide more information on the prognosis of patients.

Conclusion
Our findings show for the first time that FAR is closely related to the development of DR in patients with T2DM,
providing a basis for early detection, intervention and treatment of DR.
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