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Abstract
Background This study aimed to investigate the pooled diagnostic ability of circular RNA (circRNA) molecules for 
diabetes mellitus.

Methods We searched PubMed, Scopus, and Web of Science for relevant studies. A total of 2070 participants, 
including 775 diabetic patients and 1295 healthy individuals, from five studies were included in this meta-analysis. 
True positive, true negative, false positive, and false negative data were extracted to calculate pooled sensitivity, 
specificity, positive and negative likelihood ratios, diagnostic odds ratio, and area under the receiver operating 
characteristics curve. The Deeks’ funnel plot was applied for publication bias assessment, Cochran’s Q test and I2 index 
were applied for inter-study heterogeneity assessment. Besides, a subgroup analysis was performed for determining 
the source of heterogeneity between studies. P value < 0.05 was considered significance. All analysis were done by 
STATA version 14.

Results CircRNA presented a sensitivity of 76% (95% confidence interval [95%CI]: 66-84%), specificity of 77% (95%CI: 
58-89%), positive LR of 3.25 (95%CI: 1.69–6.23), negative LR of 0.31 (95%CI: 0.21–0.46), DOR of 10.41 (95%CI: 4.26–
25.41), and AUC of 0.82 (95%CI: 0.79–0.85) for diabetes mellitus detection. More specifically, hsa_circ_0054633 showed 
a sensitivity of 67% (95%CI: 53-81%) and a specificity of 82% (95%CI: 63-100%).

Conclusion CircRNAs show highly accurate diagnostic capability for type 2 diabetes mellitus and gestational 
diabetes mellitus. High sensitivity of circRNAs introduces them as potential noninvasive biomarkers for early diagnosis 
of diabetes mellitus and their high specificity introduces them as potential therapeutic targets by regulation of their 
expression.
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Introduction
Diabetes mellitus (DM) is a chronic and progressive con-
dition defined by hyperglycemia caused by abnormalities 
in insulin production, insulin receptor sensitivity, or both 
[1]. Due to its long-term consequences, diabetes is now 
one of the leading causes of death in the world [2]. The 
International Expert Committee indicated that evaluat-
ing glycated hemoglobin (HbA1c) is a valid approach for 
diabetes diagnosis [3]. The World Health Organization 
(WHO) and the American Diabetes Federation stated 
that fasting blood glucose (FBG) and oral glucose toler-
ance test (OGTT) are both gold standards for diabetes 
diagnosis [4, 5]. Mechanistically, different molecular 
pathways and genetic factors are recognized to be related 
to some pathological conditions that cause hyperglyce-
mia [6]. Several studies have documented that utilizing 
circRNAs can be effective in understanding the patho-
genesis of various DM-related complications including 
diabetic retinopathy (DR), diabetic nephropathy (DN), 
and diabetic cardiomyopathy (DC) [7–9].Therefore, 
an accurate diagnosis of these associated molecules or 
genetic factors, along with the appropriate use of blood 
glucose tests and other potential factors influencing the 
disease progress, may lead to the development of com-
prehensive approaches for the early diagnosis of diabetes, 
and a guided treatment of DM and its complications [10, 
11].

More recently, a great progress has been made towards 
the identification and employment of novel biomarkers 
to aid in the early detection of the disease, exploration of 
medical response, and the assessment of treatment ben-
efits in a variety of diseases, including diabetes [12–14]. 
Various biomarkers including blood sugar, proteins, and 
particular nucleic acids can be employed as potential 
disease predictors [15]. Circular RNAs (circRNAs) are 
a new type of non-coding RNA molecules with a cova-
lently closed loop that loses both polarity and a polyad-
enylated tail [16]. Circular RNAs are classified into three 
types: exonic circular RNA, intronic circular RNA, and 
intergenic circular RNA [17]. Exonic circular RNA is 
the most frequent type of circular RNA and usually is 
termed circRNA. The steadiness, abundancy, and evo-
lutionary preservation of circRNAs through the species 
suggest that they could play a significant regulatory func-
tion [18]. Therefore, recent studies suggest that circRNAs 
may act as miRNA sponges because of the competitive 
endogenous RNA (ceRNA) system [19]. The remarkable 
biological stability of circRNAs makes it ideal for usage 
as a disease biomarker. The detection of circRNA in the 
blood stream has been associated with the control of 
insulin production as well as the development of diabetes 
[20]. The changing production of circRNA in the blood 
of type 2 diabetes patients has been confirmed, and some 
circRNAs such as hsa_circ_0054633 were recommended 

as possible diabetes diagnostic biomarkers [21]. Even 
though several studies have reported diagnostic value of 
circRNAs [22–26], the efficacy of circRNAs in the early 
detection of diabetes remains uncertain due to the incon-
sistency or heterogeneity in the reported performances 
of these studies. Thus, we conducted a comprehensive 
systematic review and meta-analysis of currently avail-
able data to investigate the accuracy of circRNAs in dia-
betes mellitus diagnosis.

Methods
Search strategy
We conducted a systematic review and meta-analysis 
in accordance with the Preferred Reporting Items for 
Systematic and Meta-analyses (PRISMA) statements, 
and registered its protocol in the International Pro-
spective Register of Systematic Reviews (PROSPERO, 
CRD42022295996). We searched PubMed, Scopus, and 
Web of Science databases to retrieve all relevant stud-
ies investigating the diagnostic accuracy of circRNA for 
diabetes mellitus. All mentioned databases were searched 
without language restrictions to identify eligible stud-
ies based on the following main study keywords includ-
ing “Diabetes”, “Circular RNA”, “Diagnostic Values”, and 
their synonyms. Gray Literature was then searched to 
access unpublished articles and dissertations or inter-
national reports. In addition, after the final selection of 
articles, a manual search was performed by reviewing 
the references of related articles. The search strategy in 
international databases was independently conducted 
by two researchers (HDB and PA) and the disputes were 
resolved by a third person (YM).

Study selection
Eligible studies were independently selected by two 
reviewers (AH and PA) based on the following inclusion 
and exclusion criteria.

Inclusion criteria
All cohort studies, with no language restrictions, which 
have investigated the diagnostic accuracy of circRNA 
for diabetes mellitus were included. The population of 
interest was patients with diabetes mellitus including 
type 1 diabetes mellitus, type 2 diabetes mellitus, and 
gestational diabetes mellitus. The index test of inter-
est was circRNAs. The reference test of interest was the 
gold standard laboratory tests for diabetes mellitus based 
on the American Diabetes Association (ADA) stan-
dards (FPG ≥ 126 mg/dL [7.0 mmol/L], 2-hour plasma 
glucose ≥ 200 mg/dL [11.1 mmol/L], HA1C ≥ 6.5%, and 
in a patient with classic symptoms of hyperglycemia or 
hyperglycemic crisis, a random plasma glucose ≥ 200 mg/
dL [11.1 mmol/L]) (27). The target condition of interest 
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was diagnostic performance of test including sensitivity 
and specificity.

Exclusion criteria
Case reports, case series, reviews, and meta-analyses 
were excluded. Studies in which false positive (FP), false 
negative (FN), true positive (TP), and true negative (TN) 
values of test were not reported or could not be calcu-
lated due to no data of sensitivity, specificity, the number 
of diabetic patients, and the number of healthy controls.

Data extraction and quality assessment
Data extraction was independently performed by two 
reviewers (AH and PA). The following items were 
recorded: author, circRNA name, year, country, number 
of study center, study design, period of enrollment, refer-
ence standard for diabetes detection, number of patients, 
type of diabetes, sample source of circRNA, method of 
circRNA detection, reference gene, cutoff value regard-
ing sensitivity and specificity Besides, two reviewers (AH 
and PA) independently evaluated the quality of stud-
ies according to the Quality Assessment of Diagnostic 
Accuracy Studies-2 (QUADAS-2) tool [28]. This tool 
investigated the risk of bias and concerns regarding the 
applicability of the included studies. Any discrepancies 
were resolved by a third investigator (HD).

Statistical analysis
All statistical analyses were performed in STATA 
(version 14.1). First, TP, TN, FP, and FN values were 
extracted from the studies or calculated based on sensi-
tivity, specificity, number of diabetic patients, and num-
ber of controls. For preservation of two-dimensional 
nature of original data, we took the advantage of bivari-
ate random-effects model analysis (BRMA) following by 
hierarchical summary receiver operating characteristic 
(HSROC) model. Then, the MIDAS module was applied 
for determining the pooled diagnostic ability of circRNA 
including sensitivity, specificity, positive and negative 
likelihood ratios (LRs), diagnostic odds ratio (DOR), 
area under the receiver operating characteristics curve 
(AUC). The Deeks’ funnel plot was applied for publica-
tion bias assessment [29], and Cochran’s Q test and I2 
index were applied for inter-study heterogeneity assess-
ment. Besides, a subgroup analysis was performed for 
determining the source of heterogeneity between stud-
ies. Additionally, we sub-grouped the studies based on 
the circRNA (hsa_circ_0054633 vs. other circRNAs), 
study design (prospective vs. retrospective), number of 
participants (≥ 100 vs. < 100), publication year (≥ 2020 
vs. < 2020), type of diabetes mellitus (Type 2 diabetes vs. 
gestational diabetes), the reference gene (beta actin vs. 
GAPDH). P value < 0.05 was considered significance.

Results
Literature search
The initial search yielded 632 results. After the removal 
of duplications, 327 articles remained and were screened 
based on their title and abstract. 289 articles were 
excluded because of irrelevancy, and 38 articles were 
screened with full-text. Finally, 5 studies [22–26] met all 
eligibility criteria and were considered for meta-analysis. 
Figure  1 shows the PRISMA flowchart of the literature 
search.

General features of the included studies
Table 1 shows the baseline characteristics of the included 
studies. A total of 1284 participants (382 diabetic patients 
and 902 healthy individuals) were included in this meta-
analysis. Study participants were enrolled from April 
2015 to October 2019. Out of 5 studies, three [22, 24, 
26] were prospective cohorts and two [23, 25] were ret-
rospective cohorts. Type 2 diabetes patients were inves-
tigated in three of the studies [22, 25, 26], and gestational 
diabetes in the other two studies [23, 24]. Of note, based 
on our search strategy, we did not find any study on 
type 1 diabetes with use of circRNAs. Besides, hsa_cir-
cRNA_0054633 was investigated in three studies [22, 23, 
25]. Additional file 1 shows the quality of included stud-
ies. All included studies had a low risk of bias regarding 
flow and timing, reference standard, and patient selection 
as well as low concerns of applicability regarding refer-
ence standard and patient selection. However, there were 
moderate concerns of applicability regarding the index 
test.

Diagnostic accuracy of circRNA for diabetes mellitus
The pooled analyses on sensitivity and specificity of cir-
cRNA are depicted in Fig.  2a and b, respectively. Cir-
cRNAs had pooled sensitivity of 76% (95% CI: 66–84%; 
Cochran’s Q: 105.42; I2 index: 86.72%) and pooled speci-
ficity of 77% (95% CI: 58–89%; Cochran’s Q: 391.08; I2 
index: 96.42%) for diagnosis of diabetes mellitus. The 
ROC analysis (Fig. 3a) shows high accuracy (AUC = 0.82; 
95% CI: 0.79–0.85) for circRNA as a factor for diagnosis 
of diabetes mellitus. The pooled positive LR was esti-
mated as 3.25 (95% CI: 1.69–6.23; Cochran’s Q: 158.06; 
I2 index = 87.80%), the pooled negative LR was esti-
mated as 0.31 (95% CI: 0.21–0.46; Cochran’s Q: 85.34; I2 
index = 83.60%; Additional file 2a and 2b, respectively), 
the pooled diagnostic score was estimated as 2.34 (95% 
CI: 1.45–3.24; Cochran’s Q: 55.47; I2 index = 74.76%), and 
the pooled DOR was estimated as 10.41 (95% CI: 4.26–
25.41; Cochran’s Q: 2.2e + 9; I2 index = 100%; Additional 
file 3a and 3b, respectively).
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Publication bias assessment
Figure 3b shows the Deeks’ funnel plot asymmetry test, 
assessing the presence of publication bias in this meta-
analysis. The X-axis represents DOR as an indicator of 
the diagnostic accuracy, and the Y-axis represents the 
inverse of the square root of the effective sample size (1/
root (ESS)). Through a qualitative assessment of publica-
tion bias, we found a symmetrical effect size measures 
(DOR) over different sample sizes (1/root (ESS)), indicat-
ing publication bias is unlikely. Besides, the quantitative 
assessment of publication bias through Egger’s regression 
line displays a p-value of 0.07, confirming the absence of 
publication bias.

Subgroup analysis
The subgroup analysis showed that type of circRNA was 
the source of heterogeneity for sensitivity between stud-
ies. For instance, hsa_circRNA_0054633 had a sensitivity 
of 67% (95% CI: 53–81%) while other types of circRNA 
had a sensitivity of 82% (95% CI: 73–91%; p value = 0.01). 

Besides, we found that study design, sample size of stud-
ies, publication year, type of diabetes mellitus, reference 
gene did not influence the sensitivity and specificity 
of circRNA for diabetes mellitus detection. The meta-
regression and subgroup results are shown in Table 2.

Discussion
To the best of our knowledge, this is the first meta-anal-
ysis that is particularly directed to evaluate the diag-
nostic value of circRNAs for diabetes mellitus. We have 
screened a total of five cohort studies and included 1284 
participants including 382 diabetic patients and 902 
healthy individuals in this systematic review and meta-
analysis. The quality of the five included studies was 
relatively high with no significant publication bias. The 
overall performance based on the pooled results dem-
onstrated pooled sensitivity of 76%, pooled specificity 
of 77%, and AUC of 0.82. Based on subgroup analyses, 
the circRNA54633 was less sensitive than other types of 
circRNAs (has_circ_0068087, 0054633, 063981, 102,682, 

Fig. 1 PRISMA chart of the included studies
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103,410, 102,893, 0054633, 0071106). The pooled posi-
tive LR of 3 indicates that diabetic individuals had a 
3-fold greater possibility of dysregulated expression of 
circRNAs than healthy controls. Similarly, a pooled nega-
tive LR of 0.31 suggests that individuals with normal 
expression of circRNAs have a 31% chance of having dia-
betes. The pooled diagnostic statistics showed moderate 
diagnostic tool accuracy suggesting that circRNAs have 
enough statistical power to distinguish diabetic patients 
from non-diabetic individuals regardless of the type of 
diabetes and the target gene.

Prior studies suggested the role of circRNAs in the 
pathogenesis of diabetes mellitus [30]. Thousands of cir-
cRNAs are expressed in human pancreatic islets [31]. Cir-
cRNAs (CiRS-7 and circHIPK3) were shown to enhance 
β-cell function and improve insulin granule secretion by 
microRNA sponging activities [20, 31]. Evidence from 
included studies revealed different expression levels of 
distinct circRNAs were detected in serum, plasma, or 
umbilical cord blood of patients with type 2 diabetes 
mellitus and pregnant women with gestational diabetes 
compared to healthy controls [22–26]. For instance, the 
expression levels of hsa_circRNA_0054633 [23], hsa_
circ_0054633 [25], hsa_circ_0071106, hsa_circ_0071271, 
and hsa_circ_0000284 [26] were found increased in 
the circulation in diabetic patients. While the hsa_cir-
cRNA_102893 [24] was downregulated in women with 
gestational diabetes. Bioinformatics analysis showed that 

downregulation of hsa_circRNA_102893 induces upreg-
ulation of hsa- miR-197-3p [32], and the level of hsa-miR-
197-3p was associated with impaired β-cell function and 
insulin resistance in diabetes mellitus [33].

Nevertheless, these findings should be interpreted 
with caution since all the included studies have been 
exclusively performed in China and this may result in 
population selection bias. More investigation on greater 
geographical and ethnic diversity among participants 
is highly recommended. Additionally, there were some 
restrictions in the “index test” due to not specified cut-
off points. More precisely, the study by Wu H et al. [23] 
did not report the cut-off points at which sensitivity 
and specificity were calculated for hsa_circ_0054633, 
hsa_circ_063981, hsa_circ_102682, and hsa_circ_103410 
in detecting diabetes mellitus. Other limitations include 
the limited number of enrolled studies, the small sample 
size of some of the studies, and considerable heterogene-
ity between studies. Likewise, some confounding infor-
mation including age, gender proportion, and physical 
health of participants was present. Owing to the restric-
tions of this meta-analysis, high-quality multi-center pro-
spective studies with larger sample sizes are warranted to 
further validate the clinical application of circRNAs as a 
diagnostic biomarker of diabetes mellitus.

Despite its limitations, this work offers a compre-
hensive analysis of a panel of circRNAs as a diagnostic 
tool for the early detection of diabetes mellitus. Future 

Table 1 Baseline characteristics of included studies
Author, year
country

Study design
No. of centers

Period of 
enrollment

Sample size
(DM / 
non-DM)

Type of 
diabetes

Sample 
source

Detection method Refer-
ence
Gene

circRNA Name

Zhao Z. et al. 
2016 (22), China

Prospective cohort,
Single-center

July 2015 -
June 2016

64/60 T2DM whole blood qRT PCR (SYBR) NR hsa_circ_0054633
hsa_circ_0068087

Wu H. et al. 
2019 (23), China

Retrospective 
Cohort,
Single-center

July 2017 -
February 2018

65/65 GDM Maternal 
serum in the 
second and 
third trimes-
ter, umbilical 
cord blood

qRT PCR (SYBR) Beta 
actin

hsa_circ_0054633
hsa_circ_063981
hsa_circ_102682
hsa_circ_103410

Yang H et al. 
2020 (24), China

Prospective cohort,
Single-center

April 2015 -
July 2016

106/ 630 GDM Plasma GoTaq qPCR Master 
Mix (Promega) on 
a ViiA 7 Real-time 
PCR System (Ap-
plied Biosystems)

NR hsa_circ_102893

Liang H. et al. 
2021 (25), China

Retrospective 
Cohort,
Single-center

January 2018 -
March 2019

44/44 T2DM Serum qRT PCR (SYBR) NR hsa_circ_0054633

Yingying Z. et al. 
2021 (26), China

Prospective cohort,
Single-center

January 2019 -
October 2019

103/103 T2DM whole blood Both the Prime 
Script™ RT reagent 
Kit with gDNA 
Eraser and Q-PCR 
kits were equipped 
with Takara Bio Inc, 
Japan

GAPDH hsa_circ_0071106

GDM: gestational diabetes mellitus, T2DM: type 2 diabetes mellitus, DM: diabetes mellitus, NR: Not Reported
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Fig. 3 (a) The receiver operating characteristic (ROC) curve of circRNA for diabetes mellitus detection, (b) The Deek’s funnel-plot asymmetry test of 
circRNA for diabetes mellitus detection. The horizontal axis represents the diagnostic odds ratio (DOR) as an indicator of the diagnostic accuracy, and the 
vertical axis represents the inverse of the square root of the effective sample size (1/root (ESS)). This figure shows symmetrical effect size measures (DOR) 
over different sample sizes, indicating no presence of publication bias

 

Fig. 2 The pooled sensitivity (a) and pooled specificity (b) of circRNA for diabetes mellitus detection
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well-designed research using a combination of circRNAs, 
or in combination with microRNAs and other clinical 
diagnostic biomarkers would improve the accuracy of the 
test as a biomarker of prognosis, diagnosis, or treatment 
of diabetes mellitus.

Conclusion
CircRNAs are identified as highly accurate diagnostic 
biomarkers for type 2 diabetic mellitus and gestational 
diabetes mellitus. The high sensitivity of these circRNAs 
introduces them as good biomarkers for early detection 
of diabetes mellitus and high specificity of these cir-
cRNAs introduces them as good therapeutic targets for 
the management of diabetes mellitus through the regu-
lation of these circRNAs expression. This study suggests 
the possibility of the utility of circRNAs as potential non-
invasive biomarkers for better understanding of the dia-
betes mellitus pathogenesis.
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