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type 2 diabetic retinopathy
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Abstract
Purpose MicroRNA-93 (miR-93) usually acts as a promoter
of tumor progression in several human carcinomas. It has been
found distinctly high in eyes with proliferative diabetic reti-
nopathy (DR). The present study aims to investigate the role
of plasma miR-93 in the progression of type 2 diabetic reti-
nopathy (T2DR).
Methods Our study subjects were made up of 140 type 2
diabetes mellitus (T2DM) patients who were assigned into
DR (DR patients, n = 75), NDR (non-DR patients, n = 65),
and control (healthy individuals, n = 127) groups. Levels of
fasting blood glucose (FBG), fasting plasma glucose (FPG),
triglyceride (TG), glycosylated hemoglobin (HbA1c), total
cholesterol (TC), blood urea nitrogen (BUN), creatinine
(Cr), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C) and fasting insulin
(FIsn) were detected by automatic biochemical analyzer.
Enzyme-linked immunosorbent assay (ELISA) was per-
formed for the levels of interleukin (IL)-1, IL-6, tumor necro-
sis factor (TNF)-α and vascular endothelial growth factor
(VEGF), qRT-PCR for the miR-93 expression in plasma,
and mRNA expressions of IL-1, IL-6, TNF-α and VEGF;
receiver operating characteristic (ROC) curve for the diagnos-
tic performance of miR-93 to T2DR, Pearson correlation

analysis for correlation analysis between miR-93 and other
indexes detected before and multivariate logistic regression
analyses for the risk factors for T2DR.
Results The DR and NDR groups exhibited elevated course
of disease, and decreased levels of FBG, FPG, TG, HbA1c,
TC, BUN, Cr, HDL-C, FIsn, IL-1, IL-6, TNF-α and VEGF
but declined LDL-C level as compared to the control group.
The course of disease was longer and the levels of FBG, FPG,
HbA1c, IL1, IL6 and VEGFwere higher in the DR group than
those in the NDR group (all P < 0.05). The miR-93 expression
and RNA expressions of IL-1, IL-6, TNF-α and VEGF were
higher in the DR group than those in the NDR group
(P < 0.05). The best cutoff for miR-93 to assess T2DR was
1.31, with a Youden index of 0.63, sensitivity of 73.33%,
specificity of 89.24%, and area under the curve (AUC) of
0.866. Pearson correlation analysis indicated that miR-93 ex-
pression was positively associated with course of disease, the
levels of FPG, HbA1c, TNF-α and VEGF. T2DM patients
with longer disease course, higher levels of FBG, HbA1c,
VEGF and miR-93 expression were risk factors for develop-
ing DR.
Conclusion Our study demonstrates that plasma miR-93 is
associated with the progression of T2DR and it can sever as
a diagnostic marker for T2DR.

Keywords MicroRNA-93 . Type 2 diabetesmellitus . Type 2
diabetic retinopathy . Diagnosis . Sensitivity . Specificity

Introduction

Diabetic retinopathy (DR), one of the common microvascular
complications diagnosed in diabetes, has been a primary cause
of vision loss among people of a working age [1]. The prev-
alence of diabetes has doubled between the years 2000 and
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2030, with an overall prevalence of any retinopathy among
patients with diabetes mellitus (DM) of 40.3% [2]. There are
two serious vision-threatening stages recognized in DR,
namely proliferative DR (PDR), and diabetic macular edema
(DME) [3]. It is pointed out that DME is more commonly seen
in type II DM (T2DM) than PDR due to the high occurrence
of T2DM and has become a main reason for preventable loss
of visual acuity in diabetic patients [4]. General risk factors for
the occurrence and progression of DR are diabetic duration,
hyperglycemia, hypertension, poor glycemic control and dys-
lipidemia [5]. Interestingly, laser therapy, pharmacotherapies,
as well as surgical therapies have been proved to be of good
efficacy for curing DR [6]. However, DR progresses slowly
before becoming symptomatic, so the diabetic duration is hard
to accurately determine [7]. As early diagnostic biomarkers of
diabetes remain challenging to identify, the crucial role of
microRNA in chronic metabolic diseases like diabetes and
diabetes-induced complications has raised public concern [8].

MicroRNA (miRNA) is made up of a group of small non-
coding RNAs that mainly function as gene expression regula-
tors by binding to specific sites of target mRNA to repress
their expression, resulting in a decline in target protein pro-
duction [9]. The miRs were implicated in lots of pathophysi-
ological and physiological processes, such as glucose angio-
genesis, homeostasis, and inflammatory response modulation,
and played a role in the related macro- and micro-vascular
complications and pathogenesis of diabetes [10]. MiRNA-93
(miR-93) usually acts as a promoter of tumor progression in
several human carcinomas like breast cancer and glioblastoma
by targeting LAST2 and integrin-β8 [11, 12]. Also, it can also
be used as a significant negative regulator biomarker in colon
cancer [13]. As demonstrated in a previous study, an increase
of miR-93 expression was observed in patients with polycys-
tic ovary syndrome (PCOS) and insulin resistance, and the
upregulation of miR-93 expression is a leading cause of the
occurrence of PCOS by targeting at GLUT4, an important
protein in regulating glucose homeostasis [14]. Also, another
experiment discovered that miR-93 expression is distinctly
high in eyes with PDR, indicating that miR-93 may be asso-
ciated with angiogenesis and fibrosis [15]. Since miR-93 has
been indicated as a significant regulator in DR, the objective
of our study is to further investigate the potential role of miR-
93 in the development of T2DR, and to explore the mecha-
nisms of miR-93 in DR progression so as to pave the way for
DR diagnosis and treatment.

Materials and methods

Study subjects

From April 2013 to April 2015 at Suqian People’s Hospital,
Nanjing Drum Tower Hospital, 140 cases of T2DM patients,

including 77 males and 63 females aged 25 to 72 years, with a
mean course of disease of 8.54 ± 2.92 years were recruited into
this study. Of these 140 T2DM patients, there were 75 patients
with DR (the DR group) and 65 patients without DR (the NDR
group). TheDRgroup had 41males and 34 females, with amean
age of 48.33 ± 8.58 years and amean course of disease of 9.33 ±
2.80 years, and the NDR group had 36 males and 29 females,
with a mean age of 49.28 ± 8.54 years and a mean course of
disease of 7.62 ± 2.81 years. Inclusion criteria: the diagnosis of
patients were in accordance with the diagnostic criteria of the
World Health Organization (WHO) on T2DM in 1999 [16]; after
routine fundus examination and fundus fluorescence angiogra-
phy examination, T2DM patients suffered from any one of hem-
angioma, a few small bleeding points, neovascularization, vitre-
ous hemorrhage, or secondary retinal detachment in the retina.
Exclusion criteria: patients had acute complications like diabetic
ketosis, hyperglycemic coma, severe stress such as recent cardio-
vascular events, trauma operation, acute or chronic infection,
hepatic disease, and other endocrine metabolic disease.
Meanwhile, 127 healthy subjects were selected for the control
group, among which 66 were male and 61 female, aged from 23
to 76 years, with amean age of 47.25 ± 9.75 years. None of these
healthy subjects were associated with a history or family history
of T2DM or other eye diseases. All subjects were measured with
their heights and weights, and calculated body mass index
(BMI =weight/height2 (kg/m2). Data of history, age, gender,
course of disease, and blood glucose control were also analyzed.
The study was approved by the Ethical Committee of Suqian
People’s Hospital, Nanjing Drum Tower Hospital, and all sub-
jects signed the informed contents.

Plasma separation and detections of indexes

All subjects fasted for 8–12 hours, with approximately 6 mL
of venous blood collected into an ethylene diamine tetraacetic
acid (EDTA)-containing tube at 6 A.M. The tubes were cen-
trifuged at 3000 rpm/min for 10 minutes at room temperature
to obtain the upper plasma, and then the upper plasma was
kept in several Eppendorf (Ep) tubes frozen at -80 °C. Fasting
blood glucose (FPG) was determined by glucose oxidase
method. Triglyceride (TG) was measured using glycerol phos-
phate oxidase-p-aminophenazone (GPO-PAP) method. Blood
urea nitrogen (BUN), creatinine (Cr), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C) and fasting insulin (FIsn) were detected using a
Beckman automatic biochemical analyzer (Roche Ltd.,
Basel, Switzerland). Glycosylated hemoglobin (HbA1c) was
determined using a VARIANT analyzer (Bio-Rad
Laboratories, Hercules, CA, USA). Enzyme-linked immuno-
sorbent assay (ELISA) was performed for the levels of inter-
leukin (IL)-1, IL-6, tumor necrosis factor (TNF)-α and vascu-
lar endothelial growth factor (VEGF). All procedures were in
strict accordance with the kit instructions.
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Quantitative real-time polymerase chain reaction
(qRT-PCR)

A total of 300 μL of total RNA in plasma was extracted
according to the kit instruction (Qiagen Company,
Hilden, Germany). RNA with a concentration of
4∼12 ng/μL, OD260/OD280 of 1.9 and relative high pu-
r i ty detec ted by ul t rav io le t spec t rophotometry
(Nandodrop2000, Thermo Fisher Scientific Inc.,
Waltham, MA, USA) was selected and preserved at -
70 °C for further use. The cDNAs were synthesized ac-
cording to the kit instruction (Qiagen Company, Hilden,
Germany). Premier Primer 5.0 software was used to de-
sign premiers based on the gene sequences published in
the GenBank and miRBASE, with the following speci-
ficity reverse transcription and PCR amplification
primers with stem ring structure presented as Table 1.
All primers were synthesized by Shanghai Sangon
Biological Engineering Co., Ltd (Shanghai, China). The
reaction system was 20 μL in total, including 1 μL of
cDNA (final concentration of 5 ng), 2.5 μL of Premix
type reagent of 2× concentrations, 0.5 μmol/L of forward
primer, and 0.5 μmol/L of reverse primer. Three repeated
wells were prepared for each sample. The reaction con-
ditions were as follows: initial denaturation at 95 °C for
7 min and then 40 cycles of denaturation at 95 °C for
15 s, annealing at 60 °C for 25 s and extension at 75 °C
for 25 s. With U6 as an internal reference, the melt curve
was used to evaluate the reliability of PCR results and
the relative expression of target gene was calculated
using the 2-△△Ct method, with the formula of ΔCt =
CtmiRNA-CtU6 (the Ct was adapted as the elbow value
of amplification curve) and ΔΔCt = [Ct (target gene) -

Ct (reference gene)]experimental group-[Ct (target gene) -
Ct (reference gene)]control group. These experiments were
repeated three times.

Statistical analysis

All data were analyzed by SPSS 21.0 statistical software
(SPSS Inc., Chicago, IL, USA). Measurement data were
displayed as mean ± standard deviation, comparison between
two groups was analyzed by t tests, and comparison among
more than two groups was conducted by one-way analysis of
variance (ANOVA). Enumeration data were presented as per-
centage or rate, with comparison between two groups ana-
lyzed by chi-square tests. A receiver operating characteristic
(ROC) curve was used to evaluate the diagnostic value of
miR-93 on T2DR. Pearson correlation analysis was performed
for the correlation of miR-93 and various indicators. Binary
logistic regression analysis was also performed, with the pres-
ence of T2DR as the dependent variable. A P value of <0.05
indicates significant difference.

Results

Baseline characteristics of subjects in the DR, NDR
and control groups

Course of disease, FBG, HbA1c, TC, HDL-C, LDL-C, FPG,
TG, BUN, FIns, Cr, IL-1, IL-6, TNF-α and VEGF were signif-
icantly changed among the DR, NDR and control groups (all
P < 0.05). Compared with the control group, the course of dis-
ease was lengthened, and the levels of FBG, HbA1c, TC, LDL-
C, FPG, TG, BUN, Fins, Cr, IL-1, IL-6, TNF-α and VEGFwere
increased, but the HDL-C level was decreased in the DR and
NDR groups (allP < 0.05). The course of disease was longer and
the levels of FBG, HbA1c, FPG, IL-1, IL-6, and VEGF in the
DR groupwere significantly higher than those in the NDR group
(all P < 0.05). No significant changes in age, gender, BMI, TC,
HDL-C, LDL-C, TG,BUN, FIns, Crwere observed among three
groups (all P > 0.05; Table 2).

MiR-93 expression and mRNA expressions of IL-1, IL-6,
TNF-α and VEGF in the DR, NDR and control groups

The miR-93 expression and mRNA expressions of IL-1, IL-6,
TNF-α and VEGF changed significantly among the control,
NDR and DR groups (all P < 0.05). Using 2-ΔΔCt relative
quantitative method, with relative mRNA expression in the
control group as 1, the miR-93 expression and mRNA expres-
sions of IL-1, IL-6, TNF-α and VEGF in the NDR group
decreased significantly than those in the DR group
(P < 0.05; Fig. 1).

Table 1 The primer sequences for qRT-PCR

Primer Sequence

miRNA-93 F: ACACTCCAGCTGGGCAAAGTGCTGTTCGT

R: TGGTGTCGTGGAGTCG

IL-1β F: AGCCCATCCTCTGTGACTCA

R: TTTGTTGTTCATCTCGGAGCC

IL-6 F: GTTGCCTTCTTGGGACTGATG

R: CCTTAGCCACTCCTTCTGTGAC

TNF-α F: CCACCACGCTCTTCTGTCTA

R: GGCAGCCTTGTCCCTTGAA

VEGF F: GCAATGATGAAGCCCTGGAGT

R: CTGAACAAGGCTCACAGTGATTTT

U6 F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT

Notes: miR-93, microRNA-93; qRT-PCR, quantitative real-time poly-
merase chain reaction; IL, interleukin; TNF, tumor necrosis factor;
VEGF, vascular endothelial growth factor; F, forward; R, reverse.
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Diagnostic value of miR-93 expression for T2DR

The ROC curve showed that the best cut-off of miR-93 for the
evaluation of T2DR was 1.31; at this point, the Youden index
was 0.63, the sensitivity was 73.33%, the specificity was
89.24%, and the area under the curve (AUC) was 0.866,

indicating that miR-93 expression has a diagnostic value in
T2DR (Fig. 2).

Table 2 Comparisons of baseline
characteristics of subjects among
the DR, NDR and control groups

Group Control NDR DR F/t/X2 P

Gender (male/female) 66/61 36/29 41/34 0.2533 0.881

Age (years) 47.25 ± 9.75 49.28 ± 8.54 48.33 ± 8.58 1.108 0.332

Course of disease (years) / 7.62 ± 2.81 9.33 ± 2.80 4.086 <0.001

BMI (kg/m2) 22.08 ± 1.59 21.86 ± 1.65 21.75 ± 1.14 1.256 0.287

FBG (mmol/L) 4.23 ± 0.70 7.76 ± 2.35* 11.31 ± 3.09*# 282.8 <0.001

HbA1c (%) 4.28 ± 0.65 8.94 ± 2.35* 12.41 ± 1.56*# 731 <0.001

TC (mmol/L) 3.27 ± 0.48 5.47 ± 0.93* 5.63 ± 1.33* 214.4 <0.001

HDL-C (mmol/L) 1.31 ± 0.24 1.19 ± 0.40 1.18 ± 0.37* 5.016 0.007

LDL-C (mmol/L) 1.84 ± 0.64 2.20 ± 1.08* 2.17 ± 1.07* 4.948 0.008

FPG (mmol/L) 5.46 ± 2.05 10.98 ± 2.53* 11.91 ± 2.51*# 229.400 <0.001

TG (mmol/L) 1.57 ± 0.37 4.76 ± 1.04* 4.81 ± 1.08* 526.5 <0.001

BUN (mmol/L) 4.02 ± 0.56 7.45 ± 0.72* 7.66 ± 0.67* 1043 <0.001

FIns (pmol/mL) 3.45 ± 1.63 5.25 ± 3.05* 5.33 ± 1.55* 26.93 <0.001

Cr (mmol/d) 51.58 ± 11.02 66.45 ± 1.58* 66.97 ± 1.50* 129.200 <0.001

IL-1 (ng/L) 21.41 ± 7.12 30.43 ± 7.31* 39.47 ± 8.11*# 140.7 <0.001

IL-6 (ng/L) 89.31 ± 22.13 217.36 ± 32.15* 232.55 ± 53.71*# 480.7 <0.001

TNF-α (ng/L) 7.13 ± 1.80 21.54 ± 3.12* 22.71 ± 3.56* 1013 <0.001

VEGF (ng/L) 74.32 ± 7.14 87.95 ± 8.12* 105.64 ± 12.32*# 280.3 <0.001

Notes: *, P < 0.05, compared with the control group; # , P < 0.05, compared with the NDR group; DR group, DR
patients; NDR, non-DR patients; DR, diabetic retinopathy; P value was detected by ANOVA, test and chi-square
test; ANOVA, one-way analysis of variance; FBG, fasting blood glucose; FPG, fasting blood glucose; TG,
triglyceride; TC, total cholesterol; HbA1c, glycosylated hemoglobin; BUN, blood urea nitrogen; Cr, creatinine;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FIsn, fasting insulin;
IL, interleukin; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.

Fig. 1 MiR-93 expression and mRNA expressions of IL-1, IL-6, TNF-α
and VEGF in the DR, NDR and control groups. Notes: *, P < 0.05,
compared with the control group; #, compared with the NDR group;
miR-93, microRNA-93; DR group, DR patients; NDR, non-DR patients;
DR, diabetic retinopathy; IL, interleukin; TNF, tumor necrosis factor;
VEGF, vascular endothelial growth factor

Fig. 2 ROC curve used to evaluate the diagnostic value of miR-93 ex-
pression for T2DR. Notes: ROC: receiver operating characteristic; miR-
93, microRNA-93; T2DR, type 2 diabetic retinopathy
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Pearson correlation analysis between plasma miR-93
and various indexes in the DR group

The result of Pearson correlation analyses showed that miR-93
expression was positively correlated with the course of disease

(r = 0.285), HbA1c (r = 0.498), FPG (r = 0.654), TNF-α (r =
0.283) and VEGF (r = 0.305; all P < 0.05), while no significant
correlation was found between miR-93 expression and gender,
age, BMI, FBG, TC, HDL-C, LDL-C, TG, BUN, FIns, Cr, IL-1
and IL-6 (all P > 0.05; Table 3 and Fig. 3).

Binary logistic regression analyses for risk factors
of T2DR

Whether T2DR happened was treated as a dependent variable,
and the indexes showing significant difference in the NDR and
DR groups were selected as independent variables to perform
the multivariate logistic regression analyses. And the results
showed that the risk factors of T2DR were course of disease
EXP (B) = 1.746, 95%CI = 1.041–2.929,P =0.035), FBG (EXP
(B) = 3.270, 95%CI = 1.395–7.662, P = 0.006), HbA1c [EXP
(B) = 2.641, 95%CI = 1.338–5.214, P = 0.005], VEGF [EXP
(B) = 1.388, 95%CI = 1.106–1.742, P = 0.005] and miR-93
[EXP (B) = 35.407, 95%CI = 1.682–745.425, P = 0.022].
T2DM patients with longer course of disease, higher levels of
FBG, HbA1c, VEGF and higher expression of miR-93 had an
increased risk of developing DR (Table 4).

Discussion

DR, as a frequent microvascular complication of DM, is not
only independently related to a lifetime decline in cognitive
ability among older men with DM, but also closely linked

Table 3 Pearson correlation analysis between plasma miR-93 and var-
ious indexes in the DR group

Indicators Mir-93 expression

r P

Age (years) -0.071 0.546
Course of disease (years) 0.285 0.013
BMI (kg/m2) 0.087 0.46
FBG (mmol/L) 0.219
HbA1c (%) 0.498 <0.001
TC (mmol/L) 0.034 0.772
HDL-C (mmol/L) -0.008 0.947
LDL-C (mmol/L) 0.166 0.156
FPG (mmol/L) 0.390 0.0005
TG (mmol/L) 0.122 0.298
BUN (mmol/L) 0.033 0.78
FIns (pmol/mL) 0.069 0.555
Cr (mmol/d) -0.018 0.877
IL-1 (ng/L) 0.162 0.166
IL-6 (ng/L) -0.027 0.819
TNF-α (ng/L) 0.283 0.014
VEGF (ng/L) 0.305 0.008

Notes: DR, diabetic retinopathy; miR-93, microRNA-93; BMI, body
mass index; FBG, fasting blood glucose; HbA1c, glycosylated hemoglo-
bin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipopro-
tein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG,
fasting blood-glucose; BUN, blood urea nitrogen; Fins, fasting insulin;
Cr, creatinine; IL, interleukin; TNF, tumor necrosis factor; VEGF, vascu-
lar endothelial growth factor.
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with visual loss in children [17, 18]. A previous study provid-
ed a wealth of evidence that miRNAs played major roles in
DR, including the biomarker, miR-93 [19]. Our experiment
investigated the association between the expression of plasma
miR-93 and the progression of T2DR.

As the initial discovery in our study, course of disease, levels
of FBG, FPG, HbA1c, IL-1, IL-6 and VEGF are significantly
up-regulated in the DR group comparing with those in the NDR
group. Hyperglycemia has been revealed as amajor risk factor of
DR in cohort studies initiated in earlier decades, and thus inten-
sive glycemic control are applied for DR treatment [6, 20].
Quantitative research investigates the association between FBG
level and diabetic mortality, and the results indicates a log-linear
relationship between FBG level and diabetic death ratio, and
FBG level exceeded the threshold of 100 mg per deciliter
(5.6 mmol per liter) [21]. Another study explored the association
of HbA1c and FPG levels with DR prevalence, suggesting that
whenHbA1c surpassed 5.5% and after FPG reached 5.8mmol/l,
DRmorbidity started to rise sharply. Also, identification of these
changes is valuable for determining the lowest cut-point for DR
diagnosis [22]. It was found in a study that VEGF intravitreal
concentration was dramatically higher in proliferative diabetic
retinopathy (PDR; 798.2 +/- 882.7 pg/mL), suggesting that
VEGF exerts effects on the pathogenesis of angiogenesis [23].
Another study demonstrated that aqueous VEGF level was re-
markably increased in patients with PDR as compared to the
control group, to non-PDR (NPDR) diabetic patients and to
NDR diabetic patients [24]. In addition, pro-inflammatory cyto-
kines (IL-1β, IL-6 and TNF-α) in retinal tissues were very likely
to be involved in the DR development, showing in a study that
IL-6, IL-1β and TNF-α, as well as their respective receptors, IL-
6R, IL-1R, and TNFR1, were all observed elevated in
streptozotocin rats, with HIF-1α, IL-6 and TNF-α signaling
pathways treated as pharmacological implications for vulnerabil-
ity and dysfunction related to DR [25]. All results above were in
line with our findings; thus, we reached a conclusion that repres-
sion of levels of FBG, FPG,HbA1c, IL-1, IL-6 andVEGF could
be recommended as a DR treatment of good efficacy.

One of the important findings in our study was that the
miR-93 expression and VEGF were evidently elevated in
the DR group, indicating that the miR-93 expression and
VEGF may be valuable for DR diagnosis. High expression
of miR-93 has been detected in a number of human carcino-
mas like breast cancer and PCOS, and CDKN1Awas identi-
fied as the target of miR-93 in PCOS, and down-regulation of
CDKN1A by miR-93 over-expression is the leading cause of
tumor cell growth and proliferation [26]. MiR-93 is also one
of the miRNAs that shows substantial increase in DR, and it is
a newly identified regulator of VEGF in a hyperglycemic
environment, indicating that elevated miR-93 expression
may be important in regulating angiogenesis in patients with
DR [15, 27]. However, the exact regulation mechanism of
miRNAs remains unclear. It is supposed in a study that ex-
pression of miRNAsmay be regulated by integratingmiRNAs
into introns of genes which encode protein, as miR-93 is
encoded by intron 13 of the MCM7 gene, and thus the expres-
sion of glucose-responsive factor on MCM7 may play crucial
role in the regulation of miR-93 expression [28]. One study
demonstrated that DR was in tight association with VEGF
gene -460 T/C polymorphism [29]. Another study suggested
that VEGF receptor 1 (VEGFR1) was able to mediate DR
complications and target this signaling pathway for the pre-
vention and treatment of DR [30]. Taken together, we can
reach the conclusion that miR-93 expression and VEGF were
valuable for DR diagnosis. Nevertheless, further researches
are still necessary for elucidating the existence of other spe-
cific miR-93 promoters and investigating the effect of hyper-
glycemic conditions on the potential miR-93-specific
promoter.

Further analysis demonstrated a positive correlation
of miR-93 expression with course of disease, the level
of HbA1c and FPG. DM duration is an important risk
factor in the development of DM, as long duration
(≥8 years) has been reported as a primary cause of the
high risk of diabetic complications and total mortality in
previous study, and DM duration is highly correlated

Table 4 Binary logistic
regression analyses for risk
factors of T2DR

Indicators B S.E. Wald Sig EXP (B) 95% CI

Course of disease (years) 0.557 0.264 4.461 0.035 1.746 1.041–2.929

FBG (mmol/L) 1.185 0.434 7.434 0.006 3.27 1.395–7.662

HbA1c (%) 0.971 0.347 7.931 0.005 2.641 1.338–5.214

IL-1 0.115 0.078 2.171 0.141 1.122 0.963–1.307

TNF-α 0.029 0.171 0.028 0.867 0.972 0.696–1.358

VEGF 0.328 0.116 8.032 0.005 1.388 1.106–1.742

miR-93 3.567 1.555 5.264 0.022 35.407 1.682–745.425

Notes: T2DR, type 2 diabetic retinopathy; miR-93, microRNA-93; FBG, fasting blood glucose; HbA1c, glyco-
sylated hemoglobin; B, regression coefficients; S.E., standard error; Wald, Wald statistic; Sig, significance; Exp
(B), odds ratio; CI, confidence interval; IL, interleukin; TNF, tumor necrosis factor; VEGF, vascular endothelial
growth factor.
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with age at the onset of disease [31]. In addition, as
revealed in our study, HbA1c and FPG are two impor-
tant glycemic measure elements and are obviously ele-
vated in DR, and suppression of their levels has showed
good efficacy in DR treatment. Therefore, miR-93 ex-
pression is positively associated with course of disease,
the level of HbA1c and FPG in DR.

In conclusion, the course of disease, and levels of FBG,
HbA1c and FPG show significant increases in the DR group.
Also, miR-93 expression and the level of disease duration,
HbA1c and FPG are positively related. Plasma miR-93 is
associated with the progression of T2DR and it can serve as
a diagnostic marker for T2DR. Collectively, these findings
highlight the need to better understand and prevent the multi-
system consequences of T2DR.
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