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 Abstract  

Background: Circular RNAs are a type of closed non-coding RNAs, lack the terminating 5'-cap 

and 3'-polyadenylated tail structures that present in linear RNAs. They have higher biological 

stability because of their resistance to RNA exonucleases  and in some tissues; their expression 

levels are ten times higher than other types of RNA. CircRNAs act as biomarkers for various 

diseases including diabetes mellitus  as they have been found to affect insulin secretion and β-cell 

renewal. Objective: to investigate the role of circRNA (0054633) as a biomarker for pre-diabetes 

and T2DM. Subjects & Methods: A total number of 149 subjects, selected from endocrinology 

unit of Internal Medicine Department, and Munshaat Sultan Family Medicine Clinic Menoufia 

university hospital, classified into three groups : group I were 55 T2DM patients, group II were 44 

pre-diabetics and group III including 50 healthy subjects. Expression profile of circRNA 

(0054633) in plasma of the studied subjects was analyzed by quantitative real- time polymerase 

chain reaction (Q-PCR).  Results: CircRNA (0054633) expression was significantly increased 

gradually from controls to the pre-diabetes group to the T2DM group (p<0.05).The sensitivity of 

CircRNA (0054633) expression for prediction of  diabetes and prediabetes at cutoff point (2.95 

,1.95) was (92.7%, 77.3%)  respectivily and the specificity was (98% and 98.6%) respectivily. 

The most significant pedictors for pre-diabetes were CircRNA (0054633) expression and BMI, 

OR (59.8, 24.9 respectivily). Conclusion: Plasma CircRNA (0054633) expression could be 

considered as a predictive and diagnostic biomarker for pre-diabetes and T2DM.  
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Introduction  

Circular RNAs (circRNAs) are a novel type of 

RNA, differing from linear one, in having 

covalently closed loops in their structure and in 

being highly represented in the eukaryotic 

transcriptome (1). CircRNAs are a type of 

endogenous closed non-coding RNAs, formed by 

an exon, an intron, or by reverse splicing of the 

two (2). Because of their closed loop structure, 

they cannot be mapped directly to the genome, 

which is one of the reasons for the late discovery 

of these new RNA species (3).CircRNAs are 

distributed widely in the nucleus and cytoplasm 

(4). Genome-wide analyses indicated that 

circRNAs are abundant, conserved across species 

and often dynamically expressed in a tissue-

specific manner, suggesting their potential 

regulatory roles (5). As circular RNAs do not have 

5' or 3' ends, they are resistant to exonuclease-

mediated degradation and are more stable and have 

reduced rates of turnover than that of  linear RNAs 

in cells (6). In 2015, Enuka et al. measured the 

half-lives of about 60 of circRNAs  (over 48 h) 

and their linear counterparts (<20 h) expressed 

from the same host gene and found that the median 

half-life of circRNAs of mammary cells is at least 

2.5 times longer than that of their linear 

counterparts (7). CircRNAs can function as 

microRNA (miRNA) sponges, regulators of 

splicing and transcription, playing a role in 

posttranscriptional regulation by engaging in 

competitive combination with miRNA and 

modifiers of parental gene expression. Similar to 

other types of non- coding RNA, as miRNAs and 

long noncoding RNAs (lncRNAs), circRNAs are 

becoming a new research hotspot in the field of 

RNA and could be widely involved in the 

processes of life (8). Impaired glucose tolerance 

(IGT) is an intermediate category between normal 

glucose tolerance and overt diabetes. Individuals 

with IGT are now referred to have “pre-diabetes” 

indicating the high risk for diabetes mellitus 

development (9). Nearly 410 million diabetic 

patients exist worldwide, 46.5% of them have not 

been diagnosed. The International diabetes 

federation predicts that nearly 7.6 million 

Egyptians will have the disease by 2025, making it 

one of the top 10 countries in the world in relation 

to diabetes incidence, by 2040, the number of 

patients with diabetes worldwide may increase to 

642 million (10). In the advanced stages of T2DM, 

patients often experience various complications. 

Therefore, early diagnosis and intervention are 

urgently needed (11). Large scale investigations 

have revealed that intensive glucose lowing 

therapy in the early phases of T2DM can reduce 

the incidence of macro-vascular and micro-

vascular complications (12). CircRNAs act as 

biomarkers for various diseases including diabetes 

mellitus, cancer, atherosclerosis, osteoarthritis, 

pulmonary fibrosis and Alzheimer’s disease (13). 

Abnormal expression of several circRNAs has 

been linked to cancers of the liver, bladder and 

stomach, also linked to cardiovascular disease and 

neurological disorders such as Parkinson’s disease 

(14). CircRNAs have been found to affect insulin 

secretion and β-cell renewal (15). The aim of 

present study was to study expression profile of 

circRNA (0054633) in the plasma and to 

investigate its role in pre-diabetes and T2DM. 

 

 



 Circular RNA Expression In diabetes mellitus                                                                                        79 

 
 

Subjects and methods:   

 This study was carried out by collaboration 

between Medical Biochemistry, Internal Medicine 

and Family Medicine Departments, Faculty of 

Medicine, Menoufia University. A total of 149 

subjects aged (41- 67 years old) were included in 

the present study: 50 known patients with T2DM 

during follow up visits, 44 pre-diabetics with IFG 

and IGT , and 50 healthy volunteers, age and 

gender matched as the control group. Both  

patients and controls  were selected from 

Endocrinology Unit at department of Internal 

Medicine, Munshaat Sultan family Medicine 

Clinic,  Menoufia university hospital during the 

period between August 2015 and December 2016). 

Patients were diagnosed according to the 2010 

Standards of The American Diabetes Association 

(ADA) criteria for the diagnosis of diabetes. So, 

cases have either of the following criteria were 

diagnosed as having T2DM: (i) fasting plasma 

glucose (FPG) level of 126 mg/dL (7 mmol/L) or 

higher; fasting is defined as no caloric intake for at 

least 8 hours, (ii) a 2-hours plasma glucose level of 

200 mg/dL (11.1 mmol/L) or higher during a 75-g 

oral glucose tolerance test (OGTT),or a random 

plasma glucose of 200 mg/dL (11.1 mmol/L) or 

higher in a patient with classic symptoms of 

hyperglycemia (ie, polyuria, polydipsia, 

polyphagia, weight loss) or hyperglycemic crisis 

and (iii) a hemoglobin A1c (HbA1c) level of 6.5% 

or higher. Additionally, patients have either of the 

following criteria were diagnosed as pre-diabetes: 

(i) FPG 100 mg/dl (5.6 mmol/l) to 125 mg/dl (6.9 

mmol/l) [IFG], (ii) 2-h PG in the 75-g OGTT 140 

mg/dl (7.8 mmol/l) to 199 mg/dl (11.0 mmol/l) 

[IGT] and a hemoglobin A1c (HbA1c) level 5.7–

6.4% (16). 

Subjects with any of the following criteria were 

excluded from our study: liver or kidney 

dysfunction, inflammatory diseases, malignancies, 

untreated hypertension, autoimmune diseases and 

any endocrine disease other than T2DM. All  

studied  groups  were  subjected  to  complete  

history taking, full clinical  examination  including  

anthropometric measurements. Weight was 

measured in kilograms with light clothes and 

height in meters without shoes. Estimation of body 

mass index (BMI) was done by dividing body 

weight in kilograms by (height in square meters) 

(17). Laboratory  investigations  including fasting 

and 2 hours post prandial blood glucose levels, 

glycated hemoglobin (HbA1c%), lipid profile 

[serum total cholesterol (TC), triglycerides (TG), 

high density  lipoprotein  cholesterol  (HDL-c)  

and  calculation of low  density lipoprotein 

cholesterol (LDL-c)]. Expression profile of 

circRNA (0054633) in plasma was analyzed by 

quantitative real- time polymerase chain reaction 

(Q-PCR).  Before  collection  of  blood samples,  

written  consent approved by the Committee of 

Human Rights in Research at Menoufia  

University  was  obtained  from  all  studied cases 

and controls. After 12 hours of overnight fasting, 

10 ml of venous blood were withdrawn from every 

subject by sterile vein-puncture and divided into 

three samples:  The first sample was 4  ml  of  

blood  and  subdivided  into  2  EDTA  tubes: one  

of  them  was  used  for  quantitative  colorimetric 

determination  of  glycated  hemoglobin  as  

percent  of  total hemoglobin  using  kits  supplied  

by  Teco  diagnostics, USA (18), the other EDTA 
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tube was centrifuged for 15 min at 4000 r.p.m. The 

plasma obtained was used for total RNA 

extraction. The second sample was one ml of 

blood and transferred into sodium flouride tube, 

another sample of blood was taken after 2 hours 

for determination of blood glucose by enzymatic 

colorimetric method using Spinreact kit, SPAIN 

(19).  The third sample was 5 ml of blood and 

transferred into a plain tube, allowed to clot at 

37°C, centrifuged for 15 minutes at 4000 r.p.m.  

The clear supernatant serum was separated from  

the clot  and  kept  frozen  at  -80°C  until  

determination  of  serum TC (20), HDL-c (21) and 

TG (22). Serum TC and TG were measured by 

enzymatic colorimetric test, using Spinreact kit, 

SPAIN. Serum HDL-c was measured by 

colorimetric method, using Human kit, 

GERMANY.  LDL-c was calculated from TC 

concentration, HDL-c and TG according to (23). 

Total RNA was extracted from fresh plasma 

samples using miRNeasy plasma kit, QIAGEN, 

USA according to the manufacturer’s instructions. 

The yield and purity of RNA were measured by 

Nano-Drop instrument (Thermo Scientific, USA). 

RNA extract was stored in -80ºC till analysis. 

QuantiTect Reverse Transcription Kit, Qiagen, 

USA was used for reverse transcription step and 

production of complementary DNA (cDNA). Each 

reaction was carried out on ice with a total volume 

of 20 µl, containing 1 µl of Quantiscript Reverse 

Transcriptase, 4µl of Quantiscript RT Buffer, 5µl 

of template RNA and 10 µl of nuclease free water. 

Incubation was done using Applied Bio systems 

2720 thermal cycler (Singapore) for only one 

cycle: 10 min at 42°C then, 5 min at 95°C to 

inactivate Reverse Transcriptase and finally for 5 

min at 4°C. The reverse-transcription reactions 

were stored at –20°C till real-time PCR step. 

Quantitative or real-time PCR was performed by 

SensiFAST
TM

 SYBR Lo-ROX Kit, USA. Real-

time PCR was carried out to a total volume of 20 

µl, containing 10 µl of SYBR green Master Mix 

with low ROX; 4 μl of Nuclease-free water, 4 μl of 

Template cDNA and 1 µl of each primer (forward 

& reverse).  The following designed primers 

(Midland, Texas) were used: CircRNA (0054633): 

Forward primer sequence: 

5`TTGCTTTCTACACTTTCAGGTGAC3 ,̀Rever

se   primer5`GCTTTTTGTCTGTAGTCAACCAC

CA3`and GAPDH Forward primer sequence: 

5`GAAGGTGAAGGTCGGAGTC3`,Reverse   pri

mer:5`GAAGATGGTGATGGGATTTC 3 .̀The  

PCR condition for CircRNA (0054633) 

amplification consisted of three phases:  initial 

activation phase  at  95°C for 5 minutes followed 

by 45 cycles at 95°C for 30 sec; 60°C for 30 sec; 

72°C  for 1  minute; and a  final extension phase at 

72°C for 10 minutes. Finally, fluorescence 

detection and data analysis were performed using 

the ABI PRISM 7500 (Applied Biosystems, USA) 

version 2.0.1. The relative quantification (RQ) of 

CircRNA (0054633) gene expression was 

performed using comparative ∆∆Ct method (24) 

Figure (1), where the amount of the target gene is 

normalized to an endogenous reference gene 

(GAPDH) and relative to a control. 

Statistical analysis 

Results were collected, tabulated and statistically 

analyzed by IBM personal computer and statistical 

package (SPSS version 22, Inc., Chicago, Illinois, 

USA). Data was expressed into two phases: I-

Descriptive: Mean value and Standard Deviation 

[SD]: for quantitative data, frequency and 



 Circular RNA Expression In diabetes mellitus                                                                                        81 

 
 

percentage for qualitative date. II- Analytic: F test 

(one way ANOVA): for comparison of more than 

two independent quantitative variables normally 

distributed.K (kruskal wallis): for comparison of 

more than two independent quantitative variables 

not normally distributed. ROC-curve: Receiver 

operating characteristic Curve analysis.  

Sensitivity :Probability that the test results will be 

positive when the disease is present (true positive 

rate, expressed as percentage. Specificity :

Probability that the test results will be negative 

when the disease is abscent, true negative rate, 

expressed as percentage. PPV :Positive Predictive 

Value: probability that the disease is present when 

the test is positive. NPV: Negative Predictive 

Value: probability that the disease is present when 

the test is negative.  

Table (1): Demographic, clinical and laboratory data of studied groups 

 Group I 

N= 55 

Group II 

N= 44 

Group III 

N= 50 

F test Post-hoc test 

Age (years) 53.9±7.5 52.4±6.7 52.6±7.3 0.514 --- 

Gender 

Females  

Males  

 
26(47.3%) 
29(52.7%) 

 
21(47.7%) 
23(52.3%) 

 
22(44%) 
28(56%) 


2
  

 
0.922 

 

BMI (kg/m
2
) 27.5±2.5 22.7±0.7 22.3±2.4 <0.001* I&II:<0.001 

I&III:<0.001 
II&III:0.403 

FPG (mg/dl) 258.9±70.4 118.9±4 88.8±9.1 <0.001* I&II:<0.001 
I&III:<0.001 
II&III:0.001 

2HPPG (mg/dl) 289.1±74.9 157.3±14.2 88.6±8.6 <0.001* I&II:<0.001 
I&III:<0.001 
II&III:<0.001 

HbA1c (%) 10.3±1.3 5.97±0.2 5.2±0.8 <0.001* I&II:<0.001 
I&III:<0.001 
II&III:<0.001 

HDL-c (mg/dl) 32.1±1.3 38.3±1.3 48.6±1.2 <0.001* I&II:<0.001 
I&III:<0.001 
II&III:<0.001 

T.Cholest. (mg/dl) 210.2±26.9 213.6±11.9 172.3±9.2 <0.001* I&II:0.361 
I&III:<0.001 
II&III:<0.001 

TGs. (mg/dl) 164.1±10.1 112.2±3.5 93.2±4.9 <0.001* I&II:<0.001 
I&III:<0.001 
II&III:<0.001 

LDLc (mg/dl) 145.3±26.8 149.9±9.5 105±8.8 <0.001* I&II:0.212 
I&III:<0.001 
II&III:<0.001 

CircRNA (0054633) 

expression fold change 

4.9±1.2 2.8±1.04 1±0.5 K test 
<0.001* 

I&II:<0.001 
I&III:<0.001 
II&III:<0.001 

 F test: one way ANOVA, K test: kruskal wallis, 
2
: Chi s quare test, * : Statistically significant at p value ≤ 0.05 . 

BMI= body mass index, FPG= fasting plasma g lucose, 2 HPPG= 2 hour post prandial glucose, HbA1c= g lycated 

hemoglobin, HDL-c = high density lipoprotein cholesterol, T.Cholest. = total cholesterol, TGs= trig lycerides, LDLc = 

low density lipoprotein cholesterol and CircRNA = circular ribonucleic acid.  
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Accuracy: the ratio of the true positive and true 

negative on all patients . Regression  analysis  

calculates  the  effects of  risk factors  as  

independent  Odds  ratios  with  the  effects of  

other confounders  removed. P value > 0.05 was 

considered statistically non-significant. P value < 

0.05 was considered statistically significant . 

Results:  

Our results revealed that, there were no significant 

statistical differences as regards age and gender 

among the three studied groups, indicating 

matching (P>0.05).There  was  a  significant  

statistical  increase  of  BMI in  group  I  (diabetic  

patients) when compared to both of group II,III 

(p<0.05). On the other hand, non- significant 

differences regarding BMI in group II when 

compared to group III (P>0.05). There  was  a  

significant  statistical  increase  of fasting and 2 

hours post prandial plasma glucose & HbA1c (%)  

and TGs in group  I   when compared to both of 

group II,III and in group II when compared to 

group III (p<0.05). Significant statistical decrease 

was detected as regards HDL-c in group  I   when 

compared to both of group II,III and in group II 

when compared to group III (p<0.05). Non- 

significant differences regarding total cholesterol 

(TC) in in group I when compared to group II 

(P>0.05) , while there was a  significant  statistical  

increase  of TC in group I when compared to 

group III, in group II compared to group III 

(p<0.05). There was a significant increase 

regarding LDL-c in group I compared to group III, 

and in group II compared to group III (p<0.05). 

Non - significant differences regarding LDL-c 

detected between group I and group III (P>0.05) as 

demonstrated in (Table 1). 

 
Figure (1): Amplification plot of plasma circRNA (0054633) expression (normalized fluorescence signal 
(ΔRn) plotted versus cycle number. 
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Table (2): Validity of CircRNA (0054633) for differentiation between of diabetics & pre -diabetics and controls  

*: Statistically significant at p value ≤ 0.05, AUC= area under curve, PPV= positive predictive value and NPV= negative 

predictive value  

 
Figure (2): (a) Relative expression of plasma CircRNA (0054633) in the three studied groups, (b) Receiver 
operating characteristic Curve (R0C) analysis of CircRNA (0054633) for diagnosis of pre-diabetes, (c) 

Receiver operating characteristic Curve (R0C) analysis of CircRNA (0054633) for diagnosis of type 2 
diabetes mellitus.  

 

CircRNA (0054633) expression profile showed 

significantly gradual increase from group III to 

group I (p<0.05) (table 1) & (Figure 2a). In  an  

attempt  to  investigate whether plasma circRNA 

(0054633) expression can predict future 

development of pre-diabetes and T2DM, our study 

revealed that, plasma circRNA (0054633) 

expression at cutoff value of 1.95 gives a 

sensitivity of 77.3% , a specificity of 98.6%, PPV 

 AUC P value  Cutoff Sensitivity  Specificity  PPV NPPV Accuracy  

T2DM 

patients  

0.97 <0.001 2.95 92.7 98% 98.1 92.4 95.2 

Pre-

diabetics  

0.95 <0.001 1.95 77.3 98.6 97.1 83 88.3 
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of 97.1 %, NPV of  83% and accuracy of  88.3 

%for differentiation between controls and pre-

diabetics. On the other hand, a cutoff value of 2.95 

gives a sensitivity of 92.7% and a specificity of 

98% PPV of 98.1%, NPV of 92.4% and accuracy 

of 95.2 %for differentiation between pre-diabetics 

and diabetic patients (Table 2) & (Figure 2b &2c). 

The AUC of circRNA (0054633) for the diagnosis 

of pre-diabetes and T2DM were 0.95 and 0.97, 

respectively, (p<0.05) (Table 2) & (Figure 2b 

&2c). 

Stepwise binary regression analysis revealed that, 

the most significant variable for prediction of pre-

diabetes was CircRNA (0054633) expression fold 

change above 1.95 (p value 0.001), (OR 59.8); CI 

95% (10.1-66.9) followed by BMI >25 ( p value 

0.013) ,(OR 24.9) ;CI 95% (1.9-31.5), while the 

most protective variable was HDL-c <40 (p value 

0.002), OR (0.008) CI 95% (0-0.2) (Table 3) 

Table (3): Stepwise binary regression for prediction of pre-diabetes 

 Β 

coefficient 

P value OR CI (95%) 

BMI (kg/m
2
) 3.2 0.013 24.9 1.9-31.5 

T. cholesterol (mg/dl) 0.68 0.69 1.98 0.1-6.2 

LDL-c (mg/dl) 2.3 0.135 9.9 0.5-20.6 

HDL-c (mg/dl) -4.8 0.002 0.008 0-0.2 

CircRNA (0054633) expression 5.6 0.001 59.8 10.1-66.9 

OR: odd s ratio, CI: confidence interval, *P<0.05: significant, BMI: body mass index, T.cholesterol:  total cholesterol, 

HDL-c:  h igh density lipoprotein cholesterol, LDL-c:  low density lipoprotein cholesterol 

 

Discussion: 

OGTT is the gold standard for diagnosis of pre-

diabetes and T2DM. However, this test is time 

consuming, inconvenient and complicated. Fasting 

plasma glucose is convenient tool for T2DM 

diagnosis, but the rate of missed diagnosis is high 

(25). HbA1c% seems likely to be related to 

changes in red blood cell life rather than glycaemia 

or glycation rates. So it is affected by 

haemoglobinopathies, as HbS (sickle cell) and 

persistent HbF (fetal) (26).Current methods show 

various insufficiencies for the early diagnosis and 

prediction of pre-diabetes and T2DM (11).So,  

numerous studies have tried to identify convenient, 

highly specific and sensitive marker for T2DM at 

early stages (27). Pre-diabetics are asymptomatic, 

so they rarely visit hospitals to seek diagnosis and 

therapy (28). Nearly all pre-diabetics become 

frankly diabetics after a variable period 

emphasizing the importance of strategies for this 

category to allow early detection and hence 

prevention or delay the development of T2DM and 

its complications (9). American Diabetes 

Association Consensus Development Panel (ADA-

CDP) reported that, it is mandatory for pre-

diabetics to follow interventions that significantly 

decrease the rate of onset of diabetes including, 

intensive lifestyle modification programs like, 5–
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10% weight loss and moderate physical activity as 

brisk walking for 30 min / day, leading to 58% 

reduction of risk of T2DM, after 3 years of 

interventions and use of the pharmacologic agents 

as metformin (28). The aim of present study was to 

study expression profile of circRNA (0054633) in 

the plasma and to investigate its role in pre-

diabetes and T2DM.In this study, fasting, 2hours 

post prandial blood glucose levels and HbA1c% 

were significantly higher in both pre-diabetics and 

T2DM groups compared with the control group. 

This is in agreement with the results obtained by 

Cho et al., (29) and Graham et al., (30). 

The present study reported that total cholesterol, 

triglycerides and LDL-c were significantly higher 

in T2DM group compared with controls and pre-

diabetics, whereas serum HDL-c was significantly 

lower. This comes in line with Songa et al., (32) 

who reported that in patients with T2DM, 

triglycerides are often elevated, HDL-c is 

generally decreased, and LDL-c may be elevated, 

borderline, or normal. As insulin resistance in 

diabetics increase the expression of hepatic lipase 

which acts on HDL-c, resulting in smaller HDL 

particles that are more rapidly catabolized by the 

kidney leading to, lower plasma HDL-c. 

As RNA researchers continue to explore circRNAs 

possible functions, multiple labs have discovered 

that circRNA expression levels vary with disease, 

leading to growing interest in how these molecules 

might be related to diagnosis and treatment (14). 

The present study revealed significant differences 

between the plasma circRNA (0054633) 

expression levels of type 2 diabetics and that of 

pre-diabetics and controls. The level of circRNA 

(0054633) expression increased gradually from the 

control group to the pre-diabetics to the T2DM 

group, with a fold change of 1.8 between the first 

two groups and 2.1 between the latter two groups. 

These results are in agreement with (28) who 

reported that; circRNA (0054633) had the highest 

diagnostic value for pre-diabetes and T2DM 

among other five candidate biomarkers showing 

highest AUC and lowest P values than other 

circular RNAs. Prior to Q-PCR step, Zhao et al., 

(28) performed microarray analysis for expression 

profile of circRNAs in peripheral blood. There 

were marked differences in the expression profiles 

of 489 circRNAs between the diabetic and healthy 

groups. There were 78 circRNAs up-regulated and 

411 were down-regulated in the diabetics. In order 

to choose the biomarker that would be most 

applicable clinically, the candidate biomarkers 

were selected from the 78 up-regulated circRNAs 

utilizing stricter criteria: fold change [≥2.4 and P≤ 

0.01. Only five circRNAs met these criteria: 

hsa_circ_0068087, hsa_circ_0054633, 

hsa_circ_0124636, hsa_circ_0139110 and 

hsa_circ_0018508. These circRNAs were used as 

candidate biomarkers in a subsequent validation in 

a larger cohort using Q-PCR technique. 

Gene ontology (GO) analysis revealed that 

circRNA (0054633) participates in biological 

processes, such as cell cycle & mitotic cell cycle 

arrest, as it is involved in maintaining homeostasis, 

regulating cell growth and death, also strongly 

correlated with molecular catabolism (33). The cell 

cycle is the basic process of cellular life activities. 

The proliferation of β-cells is regulated by cell 

cycle progress, and decreased β-cell proliferation 

is the major cause of insufficient insulin secretion 

and hence incidence of T2DM (34). Zhao et al., 
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(28) hypothesize that circRNA (0054633) may 

participate in the pathogenesis of T2DM by 

influencing the cellular metabolism and cell cycle. 

Because of convenience of sampling of circRNA 

(0054633) and its stability and higher rate of 

expression than linear RNAs and high specificity 

and sensitivity it could be considered as potentially 

highly useful tool for the diagnosis of pre-diabetes 

and prediction of T2DM. 

Xu et al., (15) found that, some circRNA can 

regulate insulin transcription and secretion in islet 

cells of transgenic mouse through interaction with 

over expressed microRNA that cause diabetes, 

which in turn improves insulin secretion and could 

become a new target for improving β cell function 

in diabetes. 

CONCLUSION 

Plasma circRNA (0054633) expression could be 

considered as a predictive biomarker for pre-

diabetes and hence it is a useful convenient tool for 

early detection of T2DM. We recommend further 

researches to evaluate circRNA as new target to 

decrease the progression of pre-diabetes into 

diabetes and to delay the incidence of diabetes 

mellitus complication.  
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