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Abstract
Background. Diabetic retinopathy (DR) is one of the most common microvascular complications of dia-
betes mellitus (DM). A recent in vitro study found that the suppressor of cytokine signaling 6 (SOCS6) plays 
a protective role in DR and DM. However, to date, no clinical studies have focused on the role of SOSC6 in DR 
development.

Objectives. The present study aimed to investigate the expression and clinical significance of serum SOCS6 
in DR.

Materials and methods. A total of 159 DR patients were enrolled in the study. Additionally, 156 type 2 DM 
(T2DM) patients without DR were recruited as controls. Serum levels of SOCS6, C-reactive protein (CRP), 
interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-α), interleukin-1β (IL-1β), vascular endothelial growth 
factor (VEGF), and angiopoietin-2 (ANG-2) were measured using enzyme-linked immunosorbent assay 
(ELISA). Demographic and clinical data were collected.

Results. Age, the course of DM, systolic blood pressure (SBP), diastolic blood pressure (DBP), and the levels 
of low-density lipoprotein cholesterol (LDL-C) and total cholesterol (TC) were significantly higher in prolifera-
tive DR (PDR) patients. Serum SOCS6 levels in PDR patients were remarkably lower than in non-PDR patients 
or non-DR T2DM patients. The Pearson’s analysis showed that SOCS6 was negatively correlated with CRP, IL-6, 
TNF-α, IL-1β, VEGF, and ANG-2. The serum levels of CRP, IL-6, TNF-α, IL-1β, VEGF, and ANG-2 in the SOCS6 low 
expression group were significantly increased compared to patients with high SOCS6 levels. Receiver operating 
characteristic (ROC) curves showed that SOCS6 could be a potential diagnostic biomarker for DR. For logistic 
regression, 3 models were used. It was found that SOCS6, the course of DM, SBP and DBP in model 1, IL-1β 
and TNF-α in model 2, and VEGF and ANG-2 in model 3 were risk factors for DR.

Conclusions. The SOCS6 is decreased in DR patients and is related to severity and clinical outcomes, including 
inflammatory and angiogenic factors.
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Background

Diabetes mellitus (DM) is a metabolic disease character-
ized by hyperglycemia. Type 2 DM (T2DM) is currently 
the most common type of the disease, accounting for 95% 
of total DM cases.1,2 In 2021, DM was estimated to affect 
10.5% (536.6 million) of individuals aged 20–79 years old, 
worldwide.3 China is the country with the greatest number 
of DM cases in the world. Over the past 30 years, the preva-
lence of DM in China has increased by about 10 times.4,5

Diabetic retinopathy (DR) is one of the most common 
microvascular complications of DM, with a global preva-
lence rate of about 27%.6 Diabetic retinopathy is divided 
into 2  types, namely nonproliferative DR (NPDR) and 
proliferative DR (PDR), which are classified from low 
to high, according to severity.7 Diabetic retinopathy is one 
of the main causes of visual impairment and blindness 
in adults, with studies reporting that DR accounts for 4.8% 
of cases of blindness around the world.8 Many risk factors 
are reported to be associated with DR, including DM, in-
creased blood pressure, elevated blood glucose levels, and 
impaired kidney function.9 However, deeper insights are 
still needed to predict DR onset and clinical outcomes.

As a member of the suppressor of cytokine family of pro-
teins, suppressor of cytokine signaling 6 (SOCS6) is gen-
erally considered to regulate bacterial infection-induced 
inflammation.10 Studies have suggested that SOCS6 can 
regulate a variety of physiological and pathological pro-
cesses, including inflammation, cell proliferation, apop-
tosis, and angiogenesis.11–13 In the pathogenesis of DR, 
it is thought that neuroinflammation, oxidative stress and 
vascular-related risk factors play central roles.14–16 A recent 
in vitro study found that SOCS6 plays a protective role 
in DR and DM.12 However, to date, no clinical studies have 
focused on the role of SOSC6 in the development of DR.

Objectives

In this prospective observational study, we aimed to ex-
plore the expression of SOCS6 in DR patients and to ex-
amine its correlation with clinical results. The study may 
reveal the clinical significance of SOCS6 in patients with 
DR and provide novel targets for DR treatment.

Materials and methods

Patients

A total of 159 DR patients who were admitted to Jiangxi 
Provincial People’s Hospital between March 2019 and De-
cember 2021 were enrolled in the study. The diagnosis 
of T2DM was in line with the guidelines for the prevention 
and treatment of T2DM in China (2017 edition),17 includ-
ing 1) typical diabetes symptoms (polydipsia, polyuria, 

hyperphagia, unexplained weight loss) and 2)  fasting 
plasma glucose concentration higher than 7.0 mmol/L, 
plasma glucose concentration higher than 11.1 mmol/L, 
or oral glucose tolerance test 2-hour plasma glucose con-
centration higher than 11.1 mmol/L. Diabetic retinopathy 
was diagnosed with fundus photography with dilated pu-
pils using a retinograph (CR-2 AF Digital Retinal Camera; 
Canon Inc., Tokyo, Japan), and all patients were diagnosed 
and classified according to the international clinical DR 
severity scales.18

The criteria for inclusion were as follows: 1) patients di-
agnosed with DR according to the above guidelines; and 
2) patients ≥18 years old. The exclusion criteria were: 1) di-
agnosis of type 1 DM, gestational DM or another special 
type of DM; 2) presence of diabetic ketoacidosis, hyperos-
molar nonketotic diabetic coma or other acute DM compli-
cations; 3) presence of cataracts, glaucoma, uveitis, retinal 
detachment, optic nerve disease, high myopia, and other 
diseases significantly affecting the fundus examination; 
and 4) presence of serious infection, malignancy, or severe 
liver, renal or cardiovascular dysfunction. All patients who 
met the above criteria were consecutively enrolled.

The DR patients were further divided into: 1) patients 
with no fundus abnormalities; 2) NPDR patients, includ-
ing patients with microaneurysms, hard exudates, retinal 
hemorrhages, and intraretinal microvascular abnormali-
ties; and 3) PDR patients, including patients with neovas-
cularization, fibrous tissue or hemorrhages in the vitreous 
body. Additionally, 156 T2DM patients without retinopa-
thy were recruited during the same period. The inclusion 
and exclusion criteria for T2DM patients were the same 
as the diagnostic criteria for T2DM listed above.

For sample size calculations, the following formula2 was 
used1,2 (Equation 1): 

	
n =

(Zα + Zβ)2 × σ2

d2 	
(1)

According to  previous studies, δ  =  2, σ  =  7 and 
Z1−α/2 = 1.96 (δ – tolerance error; σ – standard deviation, 
1–α – confidence level), and the minimal sample size was 
48. All patients signed a written informed consent form. 
The study was approved by the Ethical Committee of Ji-
angxi Provincial People’s Hospital (approval No. 2021007).

Blood sampling and ELISA

Serum levels of SOCS6, C-reactive protein (CRP), in-
terleukin-6 (IL-6), tumor necrosis factor alpha (TNF-α), 
interleukin-1β (IL-1β), vascular endothelial growth factor 
(VEGF), and angiopoietin-2 (ANG-2) were measured us-
ing enzyme-linked immunosorbent assay (ELISA). Briefly, 
fasting cubital venous blood (5 mL) was collected from 
all patients within 24  h of admission. The blood samples 
were centrifuged at 2000 g for 15  min. After centrifuga-
tion, the levels of SOCS6, CRP, IL-6, TNF-α, IL-1β, VEGF, 
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and ANG-2 were measured using commercially available 
ELISA kits (SOCS6: MBS2610988 (MyBioSource, San 
Diego, USA),  detection range 0.156–10  ng/mL; CRP: 
EK1316, detection range 312–20000 pg/mL; IL-6: EK0410, 
detection range 4.69–300 pg/mL; TNF-α: EK0525, detec-
tion range 15.6–1000 pg/mL; IL-1β: EK0392, detection 
range 3.9–250 pg/mL; VEGF: EK0539, detection range 
31.2–2000 pg/mL; ANG-2: EK0657, detection range 156–
10000 pg/mL), according to the manufacturer’s (unless 
stated otherwise: Boster Bio-Engineering, Wuhan, China) 
instructions.

Patient data collection

Demographic and clinical data were collected from 
all patients, including age, body mass index (BMI), sex, 
the course of DM, systolic blood pressure (SBP), diastolic 
blood pressure (DBP), use of tobacco, etc. Whole blood 
testing was performed using an automatic biochemical 
analyzer (Hitachi 7600; Hitachi Corp., Tokyo, Japan), and 
the levels of fasting plasma glucose (FPG), total cholesterol 
(TC), triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C), and low-density lipoprotein cholesterol 
(LDL-C) were recorded.

Statistical analyses

Continuous data are presented as mean ± standard de-
viation (M ±SD) for normally-distributed data or median 
(minimum to maximum) for non-normally-distributed 
data (confirmed with Kolmogorov–Smirnov test). For 
non-normally distributed data, Mann–Whitney U test 
was used for comparisons between the 2 groups. For nor-
mally distributed data, comparisons between the 2 groups 
were conducted using Student’s t-test. The χ2 test was used 
to  analyze the  rates. The  correlations among SOCS6, 
inflammatory factors and angiogenic factors were de-
termined with Pearson’s rank correlation analysis. Re-
ceiver operating characteristic (ROC) curves were used 
for the analysis of SOCS6 in DR patients. The  logistic 
regression was conducted for DR risk factors. The Hos-
mer–Lemeshow test and the Nagelkerke’s R2 were used 
for the goodness-of-fit analysis. A value of p < 0.05 was 
considered statistically significant. The SPSS v. 18.0 soft-
ware (SPSS Inc., Chicago, USA) was used for all statistical 
analyses.

Results

Basic patient characteristics

This study included 159 DR patients – 81 NPDR patients 
and 78 PDR patients. The course of DM was significantly 
longer, and the age, SBP, DBP, and the levels of LDL-C and 
TC were significantly higher in PDR patients compared 

to the NPDR patients (p < 0.05). Compared to the T2DM 
patients without retinopathy (n = 156), the course of DM 
was significantly longer, and the  age, SBP, DBP, ratio 
of smokers, and the levels of LDL-C and TC were markedly 
higher in the DR patients (Table 1). No other significant 
differences were found.

Expression of SOCS6

Next, the expression levels of serum SOCS6 were de-
termined. The DR patients showed significantly lower 
SOCS6 levels compared to the T2DM patients without 
retinopathy (Fig. 1). In addition, the serum SOCS6 levels 
in PDR patients were remarkably lower than in NPDR 
patients, suggesting that SOCS6 is associated with the se-
verity of DR.

Correlations between SOCS6 and 
angiogenic and inflammatory factors

The IL-6, TNF-α, IL-1β, VEGF, and ANG-2 levels in PDR 
patients were remarkably higher than in NPDR patients 
(Fig. 2). Comparisons with T2DM patients without reti-
nopathy showed that the CRP, IL-6, TNF-α, IL-1β, VEGF, 
and ANG-2 levels in DR patients were also pronouncedly 
higher. The Pearson’s analyses showed that SOCS6 levels 
correlated negatively with CRP, IL-6, TNF-α, IL-1β, VEGF, 
and ANG-2 (Table 2).

Correlations between serum SOCS6 levels 
and T2DM patients’ clinical outcomes

Next, all patients were divided into SOCS6 high-expres-
sion and low-expression groups according to the mean 
value (4.15 ng/mL), and the clinical characteristics be-
tween these groups were compared. As  summarized 

Fig. 1. Serum levels of suppressor of cytokine signaling 6 (SOCS6) in all 
patients. In the boxplots, the data are expressed as medians (minimum 
to maximum). The continuous data were compared using Student’s t-test. 
All data are normally distributed

DR – diabetic retinopathy; NPDR – nonproliferative DR; PDR – proliferative DR.
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Table 1. Basic clinical characteristics of all patients

Variables Non-retinopathy 
T2DM (n = 156) All DR (n = 165) NPDR (n = 87) PDR (n = 78) U/χ2 p1 U/χ2 p2

Age [years] 58 (44–74) 62 (46–75) 62 (46–75) 62 (51–73) 10228.00 0.010 3296.00 0.751

Female, n (%) 70 (44.87) 72 (43.63) 38 (43.68) 34 (43.59) 0.031 0.999 <0.001 0.999

BMI
25.24 

(21.02–29.32)
25.12 

(20.95–29.23)
25.39 

(20.95–29.21)
24.42 

(20.96–29.23)
12485.00 0.643 2885.00 0.097

Current smoker, n (%) 31 (19.87) 70 (42.42) 37 (42.53) 33 (42.31) 13.816 0.010 0.001 0.999

Course of DM [years] 8 (1–15) 15 (7–22) 14 (7–20) 16 (10–22) 3958.00 <0.001 2029.00 <0.001

Complications

Serum uric acid, n (%) 18 (11.54) 21 (12.74) 9 (10.34) 13 (16.67) 0.068 0.999 1.715 0.214

Diabetic nephropathy, n (%) 35 (22.44) 52 (31.52) 24 (27.59) 28 (35.90) 2.092 0.151 1.594 0.289

Coronary disease, n (%) 41 (26.28) 57 (35.55) 27 (31.03) 30 (38.46) 2.012 0.219 1.217 0.372

SBP [mm Hg]
127.45 

(107.12–144.96)
139.15 

(117.88–157.90)
135.12 

(117.88–148.47)
143.86 

(124.61–157.90)
5616.00 <0.001 1583.00 <0.001

DBP [mm Hg]
83.86 

(71.41–94.21)
95.43 

(82.98–103.45)
91.66 

(82.98–99.69)
97.52 

(89.74–103.45)
2549.00 <0.001 1236.00 <0.001

FBG [mmol/L]
8.31 

(7.23–9.33)
8.28 

(7.22–9.33)
8.38 

(7.23–9.33)
8.23 

(7.22–9.33)
12541.50 0.693 3259.00 0.662

TC [mmol/L]
4.86 

(3.36–6.09)
5.13 

(3.34–7.65)
4.63 

(3.34–6.09)
5.83 

(3.49–7.65)
10425.50 0.030 1473.50 <0.001

TG [mmol/L]
1.49 

(0.68–2.35)
1.62 

(0.71–2.36)
1.57 

(0.71–2.35)
1.74 

(0.78–2.36)
11159.50 0.400 2938.50 0.138

HDL-C [mmol/L]
1.02 

(0.48–1.52)
1.00 

(0.50–1.52)
1.03 

(0.50–1.52)
0.99 

(0.50–1.52)
12694.00 0.832 3207.50 0.545

LDL-C [mmol/L]
3.00 

(1.89–3.75)
3.30 

(1.85–4.98)
2.93 

(1.85–3.75)
3.90 

(2.53–4.98)
9227.00 <0.001 897.50 <0.001

DR – diabetic retinopathy; NPDR – nonproliferative DR; PDR – proliferative DR; BMI – body mass index; T2DM – type 2 diabetes mellitus; SBP – systolic 
blood pressure; DBP – diastolic blood pressure; FBG – fasting plasma glucose; TC – total cholesterol; TG – triglycerides; HDL-C – high-density lipoprotein 
cholesterol; LDL-C – low-density lipoprotein cholesterol; p1 – comparison between non-retinopathy T2DM patients and all DR patients; p2 – comparison 
between NPDR patients and PDR patients. All continuous data were non-normally distributed (age, BMI, course of DM, SBP, DBP, FBG, TC, TG, HDL-C, 
and LDL-C), and were expressed as median (minimum to maximum). The comparisons between the 2 groups were analyzed using the Mann–Whitney 
U test. The χ2 test was used for comparing rates (sex, current smoker, serum uric acid, diabetic nephropathy, coronary artery disease (CAD)). U/χ2 – levels 
of U in Mann–Whitney U test or χ2 in χ2 test.

Fig. 2. Serum levels of C-reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-α), interleukin-1β (IL-1β), vascular endothelial growth 
factor (VEGF), and angiopoietin-2 (ANG-2) in all patients. In the boxplots, data are expressed as medians (minimum to maximum). The continuous data were 
compared using Student’s t-test. All data are normally distributed

DR – diabetic retinopathy; NPDR – nonproliferative DR; PDR – proliferative DR.
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in Table 3, the serum levels of IL-6, TNF-α, IL-1β, VEGF, 
and ANG-2 in the SOCS6 low-expression group were sig-
nificantly higher compared to those in the SOCS6 high-
expression group (p  <  0.05). In  addition, compared 

to the SOCS6 high-expression group, the course of DM 
was significantly prolonged, and the age SBP, DBP, as well 
as the levels of LDL-C and TC were significantly increased 
in the SOCS6 low-expression group. These results suggest 

Table 3. Comparison of clinical outcomes between patients with high and low expression of SOCS6

Variables High SOCS6 (n = 79) Low SOCS6 (n = 86) U/t/χ2 p-value

Age [years] 62 (46–75) 62 (48–75) 3272.50 0.684

Female, n (%) 31 (39.24) 41 (47.67) 1.436 0.254

Course of DM [years] 14 (7–22) 15 (7–22) 2608.00 0.010

Current smoker, n (%) 35 (40.70) 35 (44.30) 0.270 0.775

BMI 25.72 (20.95–29.21) 24.48 (20.96–29.23) 2852.50 0.076

FBG [mmol/L] 8.29 (7.22–9.33) 8.26 (7.23–9.33) 3218.00 0.559

SBP [mm Hg] 136.30 (117.88–154.50) 142.66 (120.08–157.90) 2436.00 0.002

DBP [mm Hg] 93.62 (82.98–102.99) 96.06 (84.63–103.45) 2333.50 0.001

TC [mmol/L] 4.90 (3.34–7.55) 5.48 (3.38–7.65) 2500.50 0.003

TG [mmol/L] 1.60 (0.71–2.35) 1.65 (0.78–2.36) 3299.50 0.750

HDL-C [mmol/L] 1.03 (0.52–1.52) 0.99 (0.50–1.52) 3028.50 0.229

LDL-C [mmol/L] 3.11 (1.85–4.85) 3.60 (1.85–4.98) 2206.00 <0.001

CRP [pg/mL] 1692.76 ±193.27 1707.83 ±212.66 0.475 0.635

IL-6 [pg/mL] 27.96 ±10.32 37.11 ±11.51 5.382 <0.001

TNF-α [pg/mL] 123.34 ±28.82 142.69 ±27.76 4.391 <0.001

IL-1β [pg/mL] 25.19 ±8.53 30.86 ±9.22 4.094 <0.001

VEGF [pg/mL] 120.84 ±12.03 132.88 ±13.86 5.968 <0.001

ANG-2 [pg/mL] 1117.45 ±210.79 1319.58 ±195.02 6.398 <0.001

SOCS6 – suppressor of cytokine signaling 6; BMI – body mass index; DM – diabetes mellitus; SBP – systolic blood pressure; DBP – diastolic blood pressure; 
FBG – fasting plasma glucose; TC – total cholesterol; TG – triglycerides; HDL-C – high-density lipoprotein cholesterol; LDL-C – low-density lipoprotein 
cholesterol; CRP – C-reactive protein; IL-6 – interleukin-6; TNF-α – tumor necrosis factor alpha; IL-1β – interleukin-1β; VEGF – vascular endothelial growth 
factor; ANG-2 – angiopoietin-2. The comparison between high and low SOCS6 groups is expressed by p-values. Continuous data that were non-normally 
distributed (age, BMI, course of DM, SBP, DBP, FBG, TC, TG, HDL-C, and LDL-C) are expressed as median (minimum to maximum) and analyzed with 
Mann–Whitney U test. Continuous data that were normally distributed (CRP, IL-6, TNF-α, IL-1β, VEGF, and ANG-2) are expressed as mean ± standard deviation 
(M ±SD) and analyzed using Student’s t-test. The χ2 test was used for rates (gender and current smoker). U/χ2 – levels of U in Mann–Whitney U test or χ2 
in χ2 test.

Table 2. Correlation analysis of SOCS6, angiogenic factors and inflammatory factors

Variables and Pearson's correlation SOCS6 CRP IL-6 TNF-α IL-1β VEGF ANG-2

SOCS6
Pearson’s correlation 1 −0.373 −0.592 −0.627 −0.561 −0.597 −0.646

p-value – <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

CRP
Pearson’s correlation −0.373 1 0.378 0.454 0.401 0.491 0.459

p-value <0.001 – <0.001 <0.001 <0.001 <0.001 <0.001

IL-6
Pearson’s correlation −0.592 0.378 1 0.781 0.682 0.754 0.820

p-value <0.001 <0.001 – <0.001 <0.001 <0.001 <0.001

TNF-α
Pearson’s correlation −0.627 0.454 0.781 1 0.729 0.758 0.818

p-value <0.001 <0.001 <0.001 – <0.001 <0.001 <0.001

IL-1β
Pearson’s correlation −0.561 0.401 0.682 0.729 1 0.658 0.749

p-value <0.001 <0.001 <0.001 <0.001 – <0.001 <0.001

VEGF
Pearson’s correlation −0.597 0.491 0.754 0.758 0.658 1 0.794

p-value <0.001 <0.001 <0.001 <0.001 <0.001 – <0.001

ANG-2
Pearson’s correlation −0.646 0.459 0.820 0.818 0.749 0.794 1

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 –

SOCS6 – suppressor of cytokine signaling 6; CRP – C-reactive protein; IL-6 – interleukin-6; TNF-α – tumor necrosis factor alpha; IL-1β – interleukin-1β; 
VEGF – vascular endothelial growth factor; ANG-2 – angiopoietin-2.
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that SOCS6 is associated with clinical outcomes and sever-
ity in T2DM patients.

Diagnostic value of SOCS6 and angiogenic 
and inflammatory factors for DR

The ROC curves were constructed to evaluate the diag-
nostic value of SOCS6 in DR patients. The results showed 
that SOCS6 could be a potential diagnostic biomarker for 
DR (Fig. 3). The area under the curve (AUC) for SOCS6 
was 0.871 and the cutoff value was 4.61 ng/mL, with a sen-
sitivity of 85% and a specificity of 69%. The SOCS6 could 

also be used as a biomarker for NPDR or PDR patients. 
As shown in Fig. 3, the AUC for SOCS6 was 0.825, with 
a cutoff value of 3.66 ng/mL, a sensitivity of 79%, and 
a specificity of 64%.

Logistic regression for risk factors for DR

Finally, we used the logistic regression to identify the risk 
factors for DR. For logistic regression, we used 3 mod-
els for the entry method. In model 1 (age, BMI, course 
of DM, SBP, DBP, TC, TG, HDL-C, LDL-C, and SOCS6), 
the results of the Hosmer–Lemeshow test (p = 0.139) and 

Fig. 3. Receiver operating characteristic (ROC) curves for the diagnostic value of suppressor of cytokine signaling 6 (SOCS6) for diabetic retinopathy (DR) 
or proliferative DR (PDR)

NPDR – nonproliferative DR.

Table 4. Logistic regression for risk factors of DR

Model Variables H–L test Nagelkerke R2 Wald OR 95% CI p-value

Model 1

age

0.139 0.844

2.926 1.051 0.993–1.113 0.087

BMI 0.372 1.066 0.869–1.308 0.542

course of DM 23.433 1.387 1.215–1.584 <0.001

SBP 12.756 1.098 1.043–1.156 <0.001

DBP 27.846 1.316 1.189–1.458 <0.001

TC 5.416 0.508 0.287–0.899 <0.001

TG 1.645 1.983 0.696–5.645 0.200

LDL-C 0.123 1.155 0.516–2.586 0.726

HDL-C 0.005 0.945 0.179–4.971 0.945

SOCS6 19.253 0.410 0.275–0.610 <0.001

Model 2

CRP

0.999 0.981

1.714 1.008 0.996–1.102 0.190

IL-6 2.721 1.479 0.929–2.355 0.099

TNF-α 5.216 1.548 1.064–2.253 0.022

IL-1β 5.003 2.238 1.105–4.532 0.025

Model 3
VEGF

1.000 0.981
8.112 1.725 1.185–2.510 0.004

ANG-2 7.438 1.049 1.014–1.086 0.006

DR – diabetic retinopathy; H–L – Hosmer–Lemeshow test; OR – odds ratio; 95% CI – 95% confidence interval; BMI – body mass index; DM – diabetes 
mellitus; SBP – systolic blood pressure; DBP – diastolic blood pressure; TC – total cholesterol; TG – triglycerides; LDL-C – low-density lipoprotein cholesterol; 
HDL-C – high-density lipoprotein cholesterol; SOCS6 – suppressor of cytokine signaling 6; CRP – C-reactive protein; IL-6 – interleukin-6; TNF-α – tumor 
necrosis factor alpha; IL-1β – interleukin-1β; VEGF – vascular endothelial growth factor; ANG-2 – angiopoietin-2.
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the Nagelkerke’s R2 (0.844) showed adequate goodness-of-
fit, with SOCS6, the course of DM, SBP, and DBP identified 
as risk factors for DR (Table 4). In model 2 (inflamma-
tory factors CRP, IL-6, TNF-α, and IL-1β), the Hosmer–
Lemeshow test (p = 0.999) and the Nagelkerke’s R2 (0.981) 
showed adequate goodness-of-fit, and IL-1β and TNF-α 
were identified as risk factors for DR. In model 3 (angio-
genesis factors VEGF and ANG-2), the Hosmer–Lemeshow 
test (p = 1.000) and the Nagelkerke’s R2 (0.981) showed 
adequate goodness-of-fit, with both VEGF and ANG-2 
identified as risk factors for DR.

Discussion

Globally, it  is estimated that the number of DR cases 
will grow to 191 million by 2030, with vision-threatening 
DR patients numbering over 56 million.19 Despite the de-
velopment of  DR diagnostic and treatment strategies, 
DR is still the leading cause of blindness in working-age 
population. However, at present, DR is diagnosed using 
fundus photography with dilated pupils20 and lacks specific 
biomarkers. Thus, it is urgent to develop new biomarkers 
and comprehensive approaches to reduce the risk of vi-
sion loss by prompt diagnosis and early treatment of DR. 
In the present study, we showed that serum SOCS6 levels 
were decreased in DR patients and were associated with 
clinical outcomes and severity.

A number of studies have indicated that cytokines, an-
giogenic markers and some clinical biomarker changes 
may cause DR. For example, a prospective study by Muni 
et al. found that serum high-sensitivity CRP is significantly 
correlated with the risk for DR.21 In addition, a case-control 
study by Churchill et al. confirmed that VEGF is associated 
with the severity of DR.22 In the current study, we found 
that the inflammatory factors CRP, IL-6, IL-1β, and TNF-α 
were elevated in DR patients. These results are consistent 
with several previous studies.23–25 Changes in several clini-
cal biomarkers are also associated with DR. For example, 
a 3-year prospective study in Taiwan showed that serum 
uric acid levels are associated with DR.9 Gao et al. reported 
that there may be a significant correlation between serum 
thyroglobulin antibody levels and the severity of DR.26 
However, at present, there are no specific biomarkers for 
the diagnosis of DR.

The SOCS6 is  an anti-inflammatory factor in many 
diseases, including DM. It has been previously reported 
that the inhibition of SOCS6 causes a significant increase 
in cell permeability and inflammation, and that overex-
pressing SOCS6 reverses cell permeability and the inflam-
matory response.27 Chen et al. found that the upregulation 
of lncRNA FGD5-AS1 could protect against periodonti-
tis through enhancing the levels of SOCS6.11 Meng et al. 
showed that the knockdown of miR-16-5p could suppress 
cell proliferation and accelerate the apoptosis of fibroblast-
like synoviocytes through targeting SOCS6.28 In addition, 

Xue et al. reported that miR-494-3p facilitated high glu-
cose-induced renal fibrosis through the promotion of cell 
apoptosis and epithelial–mesenchymal transformation via 
targeting SOCS6.29 The SOCS6 is also correlated with an-
giogenic markers. Yuan et al. confirmed that the upregula-
tion of SOCS6 inhibits angiogenesis and tumor xenograft 
growth, and is significantly associated with the prognosis 
of human prostate cancer.30

The SOCS proteins improve glucose metabolism, re-
duce the deleterious effects of  inflammation and pro-
mote neuroprotection. Most of the known SOCS proteins 
are involved in the regulation of insulin resistance, β-cell 
failure and the eventual development of DM.31 Several 
studies have also focused on the molecular mechanis-
tic effects of SOCS6 in DM. Luo et al. confirmed that 
SOCS6 could regulate inflammation, oxidative stress 
and apoptosis in retinal epithelial cells, and attenuate 
DR in a  rat model.32 In addition, Liu et al. suggested 
that the constitutive expression of the SOCS6 protein 
in retinal neurons improves glucose metabolism in vivo 
and in vitro.33 Xiao et al. confirmed that MEG3 targets 
the miR-19b/SOCS6 axis in order to inhibit high glucose-
induced human retinal microvascular endothelial cells 
apoptosis, while increasing the expression of SOCS6 and 
benefiting DR.12

As inflammation and vascular risk factors play important 
roles in the pathogenesis of DR, we inferred that SOCS6 
may also influence DR development through the regula-
tion of inflammation and angiogenesis. However, there 
is a lack of relevant reports regarding the role of SOCS6 
in DR. In the present study, we found that the expression 
of serum SOCS6 is decreased in DR and DM patients, and 
is correlated with the severity of multiple clinical features, 
including inflammatory and angiogenic factors.

Limitations

The present study has some limitations. First, we only in-
cluded a small sample of the study population. In addition, 
we examined a relatively small number of inflammatory 
and angiogenic factors. Finally, the molecular mechanisms 
of SOCS6 that influence DR development were not examined.

Conclusions

This study showed that the serum levels of SOCS6 are 
decreased in DR patients. Serum SOCS6 levels were also 
related to DR severity and clinical outcomes, including 
inflammatory and angiogenic factors. Thus, this study 
provides more evidence for the role of SOCS6 in DR.

Data availability

All data can be obtained from the corresponding author 
by reasonable request.
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