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Objective: Diabetic retinopathy (DR) is a common diabetic microvascular complication
and a major cause of acquired vision loss. Finding effective biomarkers for the early
identification and diagnosis of DR is crucial. This study aimed to comprehensively evaluate
the accuracy of microRNAs (miRNAs) in the diagnosis of DR via a meta-analysis of
previously published diagnostic studies. This study has been registered on the
PROSPERO website, with the number CRD42022323238.

Methods: We searched PubMed, Cochrane Library, Embase, Web of Science, China
Wanfang database, and China Knowledge Network database to identify relevant articles
published from the time of database creation to April 10, 2022. Stata 14.0 software was
used to calculate the pooled sensitivity, specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR), diagnostic ratio (DOR), and area under the summary receiver
operating characteristic (ROC) curve to assess the accuracy of miRNAs in the diagnosis of
DR. Heterogeneity between studies was assessed using Cochran-Q test and I? statistic
for quantitative analysis. The random-effect model was selected due to significant
heterogeneity. Subgroup analysis and regression analysis were also performed to
determine the potential sources of heterogeneity.

Results: We included 25 articles detailing 52 studies with 1987 patients with DR and
1771 non-DR controls. The findings demonstrated overall sensitivity (0.82, 95% CI: 0.78 ~
0.85), specificity (0.84, 95% CI: 0.81 ~ 0.86), PLR (5.0, 95% ClI: 4.2 ~ 5.9), NLR (0.22,
95% Cl: 0.18 ~ 0.26), and the area under the summary ROC curve (0.90, 95% CI: 0.87 ~
0.92). Furthermore, we performed subgroup analysis and found that panels of multiple
mMiRNAs could enhance the pooled sensitivity (sensitivity, specificity, and AUC values were
0.89, 0.87, and 0.94, respectively).
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Conclusion: The meta-analysis showed that miRNAs can be used as potential diagnostic
markers for DR, with high accuracy of diagnoses observed with the detection of miRNAs

in plasma and serum.

Keywords: miRNA, diabetic retinopathy, diagnosis, biomarkers, meta-analysis

INTRODUCTION

Diabetic retinopathy (DR) is a diabetic microvascular
complication (1) and an important cause of visual impairment
and blindness in adults worldwide (2). Among individuals with
diabetes, the global prevalence of DR is 22.27%. In 2020, the
number of adults diagnosed with DR was estimated to be 103.12
million (3), and this number is expected to increase to 160.5
million by 2045 (4). The early stages of DR have no conscious
symptoms, and as the extent of the disease progresses vision loss
can occur to varying degrees, and if untreated progresses to the
proliferative stage, irreversible vision loss can result, therefore, it is
critical to prevent progression from the early stages of DR (5, 6).
Fundus fluorescein angiography is the gold standard for the
diagnosis of DR (7, 8), and fundoscopy, fundus photography,
and optical coherence tomography have emerged in the clinical
setting (8). However, because fluorescein angiography is invasive,
time-consuming, and risky, and in addition, interpretation of
fundoscopic examinations and photographic reports requires
physicians with expertise and skills in diabetes-related eye
diseases (9), these methods are not applicable to the routine
screening of DR in clinical practice. In recent years, miRNAs
have been shown to play an important role in various diabetic
complications (10, 11). The application of circulating miRNAs as
biomarkers of DR has garnered significant interest (12, 13).
Therefore, the construction of circulating markers for early
diagnosis of DR and timely treatment are fundamental goals to
improve its diagnosis and treatment.

MicroRNAs (miRNAs) are a group of endogenous non-coding
single-stranded small molecule RNAs of 19-24 nucleotides in
length (14), which are involved in the post-transcriptional
regulation of gene expression and are closely associated with
various pathophysiological processes in the human body (15-17).
Since abnormal alterations in miRNA expression precedes the
expression of the corresponding regulated proteins, the abnormal
expression of miRNAs may already be present when patients with
diabetes have not yet developed retinal microvascular damage, or
when the damage has not yet affected visual function (18). miRNAs
are not only widely present in a variety of human tissues and cells,
but can also bind to Argonaute proteins (19), which, in turn,
prevents the degradation of RNA enzymes, allowing miRNAs to
be stably expressed in serum, plasma, and other body fluids (20).
This stability, ubiquity, high specificity, high sensitivity, and recent
advances in the detection and analysis methods render miRNAs
potentially useful novel biomarkers for DR diagnosis (21).

However, there is little consistency in previous studies; hence,
no reliable conclusions can be drawn regarding the relationship
between miRNAs and DR. In addition, most of the available data
are derived from retrospective studies with a small sample size

lacking quantitative criteria. Therefore, we performed a
diagnostic meta-analysis for the first time to determine the
potential diagnostic value of miRNAs in patients with DR.

MATERIALS AND METHODS

We have registered our protocol on PROSPERO (CRD42022323238)
and can be found at: https://www.crd.york.ac.uk/prospero/. This
meta-analysis follows the PRISMA statement of preferred
reporting items for systematic evaluation and meta-analysis
(Supplementary Table 1).

Search Strategy

We searched PubMed, Cochrane Library, Embase, Web of
Science, China Wanfang database, and China Knowledge
Network (CNKI) database to identify relevant articles
published from the time of database creation to April 10, 2022,
without restricting the language of publication. A search strategy
for diagnostic DR of circulating microRNAs was developed
based on PICOS principles. We obtained all the medical
subject headings (MeSH) and entry words on the National
Center for Biotechnology Information (NCBI) website, and
search terms included “Diabetic Retinopathy” OR “Diabetic
Retinopathies” OR “Retinopathies, Diabetic” OR “Retinopathy,
Diabetic” AND “MicroRNAs” OR “MicroRNA” OR “miRNAs”
OR “Micro RNA” OR “RNA, Micro” OR “Primary MicroRNA”
OR “MicroRNA, Primary” OR “Primary miRNA” OR “pri-
miRNA” OR “pri miRNA” OR “RNA, Small Temporal” OR
“Temporal RNA, Small” OR “stRNA” OR “Small Temporal
RNA” OR “pre-miRNA” OR “pre miRNA” AND “sensitiv*”
OR “sensitivity and specificity” OR “predictive” OR “value*” OR
“accuracy*”. We searched PubMed using the following strategy:
((((Diabetic Retinopathy[Title/Abstract]) OR (Diabetic
Retinopathies[Title/Abstract])) OR (Retinopathies, Diabetic
[Title/Abstract])) AND ((((((MicroRNAs|[Title/Abstract]) OR
(miRNA[Title/Abstract])) OR (Micro RNA[Title/Abstract]))
OR (pri-miRNA[Title/Abstract])) OR (stRNA[Title/Abstract]))
OR (miR[Title/Abstract]))) AND (sensitiv*[Title/Abstract] OR
sensitivity and specificity(MeSH Terms] OR (predictive[Title/
Abstract] AND value*[Title/Abstract]) OR predictive value of
tests[MeSH Term] OR accuracy*[Title/ Abstract]).

Eligibility Criteria and Quality Assessment

Subjects were recruited with the following inclusion criteria: (1)
all patients in the case group were diagnosed following clinically
recognized diagnostic criteria; (2) the intervention was
characterized by the diagnosis of DR performed using miRNA
examination; (3) false positive (FP), true positive (TP), false

Frontiers in Endocrinology | www.frontiersin.org

July 2022 | Volume 13 | Article 929924


https://www.crd.york.ac.uk/prospero/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Ma et al.

MicroRNAs as Diabetic Retinopathy Biomarkers

negative (FN), and true negative (TN) could be derived
directly or calculated from the literature. The exclusion criteria
were set as follows: (1) non-human trials; (2) non-case-control
studies; (3) reviews, letters, or conference proceedings; (4)
insufficient data.

Two investigators used the Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) (22) tool to independently
assess the risk of bias and clinical applicability of included
studies. The tool comprised four main components: selection
of cases, trials to be evaluated, gold standard, and case flow and
progression. Disagreements were resolved by agreement between
the two investigators through negotiation or by involving a
third reviewer.

Data Extraction

Data and information were extracted independently by two
investigators from eligible studies, including first author, year
of publication, country, miRNAs, number of samples, internal
reference, cut-off values, control source, sample source, assay
method, miRNAs expression, AUC with 95% confidence
intervals (ClIs), sensitivity, specificity, TP, FP, FN, and TN.

Statistical Analysis

We extracted TP, FP, FN, and TN values to calculate pooled
sensitivity, specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR), diagnostic ratio (DOR), and
corresponding 95% confidence interval (CI). Summary receiver
operating characteristic (SROC) curves were plotted to calculate
the area under the curve (AUC) to test the pooled diagnostic value
of miRNAs. We used the chi-square test and I° test to assess the
heterogeneity between studies. Heterogeneity between studies was
assessed using Cochran-Q test and I* statistic for quantitative
analysis, with P-value was less than 0.05 for Cochran-Q test and
I°>50%, indicating significant heterogeneity between studies and
selection of random-effect model (23, 24). We performed
subgroup analysis and regression analysis to determine the
source of heterogeneity. Sensitivity analysis was performed to
determine the robustness of the meta-analysis results. Deeks’
funnel plots were used to examine publication bias. In addition,
Fagan’s nomogram was drawn to further assess the diagnostic
efficacy of miRNAs. Review Manager 5.3 was used to evaluate the
quality of the literature, and Stata 14.0 was used to analyze all data.
A P-value < 0.05 was considered statistically significant.

RESULTS

Literature Search and

Study Characteristics

We searched 423 records in PubMed, Cochrane Library, Embase,
Web of Science, China Wanfang database, and CNKI database.
Of these, 296 duplicate studies were excluded. Subsequently,
based on the titles and abstracts, 246 irrelevant studies, reviews,
conference proceedings, and commentaries were excluded, and
we evaluated 50 full-text articles and excluded 25 studies based

on the exclusion criteria, including 16 studies with insufficient
data and six reviews and three studies that were not related to
miRNAs. The remaining 25 documents were included in the
meta-analysis. The screening flow chart is shown in Figure 1.
In total, 25 documents (spanning years 2014 to 2022) included
in this meta-analysis involved 52 studies (11, 18, 20, 25-46)
(Table 1), all of which were case-control studies that included a
total of 1987 patients with DR and 1771 non-DR controls, with the
source of controls being diabetic patients not diagnosed with DR,
healthy population, and patients with cataract. Among these 52
studies, 41 studies reported a single miRNA, and 11 studies
discussed a panel of miRNAs. A total of 38 studies detected
miRNAs in serum, 10 studies extracted miRNAs in plasma, and
four studies extracted miRNAs from the aqueous humor. A total
of four studies were conducted in Africa, two studies were
conducted in Europe, and the remaining studies were conducted
in Asian populations. In addition, 7 of the included studies
involved the examination of miRNA-21, and miRNA-20b,
miRNA-93, and miRNA-15 were examined in five studies.

Quality Assessment

The quality of the included studies was evaluated using the
QUADAS-2, and the results were analyzed by applying Review
Manager 5.3. The results are shown in Figure 2. Most of the
studies included in our meta-analysis were continuous and time
scaled. Given that all patients with DR included in the study were
diagnosed by clinically recognized diagnostic criteria, all trials
involved case-control studies, introducing high or unclear risks in
the selection field.

Diagnostic Accuracy of MiRNAs in DR

The sensitivity and specificity of miRNAs in diagnosing DR are
shown in Figure 3. Forest plots of pooled data showed I” = 85.11%
for sensitivity and I* = 76.96% for specificity, suggesting a large

Records identified through Additional records identified
database searching through other sources
(n=423) (n=0)
J
— Records after duplicates removed
(n =296)
0
Records excluded:
Records screened revealed no relation, case
(n=296) reports, letters, reviews,
conference or abstracts (n =246)
z
2 " il d Full-text articles excluded:
o Fu "9;“ "";!C_z_sl?”e”e 16with no available data; 6 with
o eligibility a review; 3 with non-circulating
(n=50) miRNAs related studies (n =25)

Studies included in
quantitative synthesis
(meta-analysis)
(n=25)

Included

[

FIGURE 1 | Flow diagram showing selection of studies for meta-analysis.
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TABLE 1 | Characteristics of the included studies.

First Ethnicity miRNAs Expression Reference  Cut-off Case/ Controls Method Specimen Sen Spe AUC (95%
author/Year Control (%) (%) Cl)
Qing 2014 Asian miR-21_1179 up ue NA 30/30  HI gRT- Serum 82 95 0.89 (0.86-
(23) miR-181c PCR 0.96)
Fu 2017 (24) Asian miR-93 up ue 1.42 98/80 DM aqRT- plasma 80.5 89.6 0.892
PCR (0.824-
0.961)
Fu 2017 (24) Asian miR-21 Up ue 1.56 98/80 DM gRT- plasma 70.2  90.8 0.836
PCR (0.770-
0.905)
Fu 2017 (24) Asian miR-93 miR-21 Up ue NA 98/80 DM agRT- plasma 86.4 91.3 0.937
PCR (0.868-
0.992)
Jiang 2017 Asian miR-21 Up ue NA 124/180 DM/HI aqRT- plasma 66.1 90.4 0.825
(26) PCR (0.778-
0.872)
Qin 2017 Asian miR-126 down UB snRNA 8.43 81/59  HI qRT- Serum 84.8 93.6 0.976
(25) PCR
Zou 2017 Asian miR-93 Up ue 1.31 75127  HI aqRT- plasma 73.3 892 0.866
27) PCR
Sun 2018 Asian miR-21 Up ue NA 30/70  HI agRT- plasma 81.8 86.7 0.797
(28) PCR (0.709-
0.886)
Zheng 2018  Asian miR-126 down ue <0.64 110/80 HI qRT- plasma 836 825 0.861
(29 PCR
Liang 2018  Asian has-miR-425-5p up NA 29/50  HI qRT- Serum 927 875 0.937
(30) 7abp miR-28-3p PCR
has-miR-425-5p
miR-novel-
chr5_15976
Dai 2019 Asian miR-451 Up ue 1.86 60/60 DM aRT- Serum 61 82.5 0.722
81) PCR
Dai 2019 Asian miR-221 Up ue 0.823 60/60 DM agRT- Serum 712 85 0.823
(31) PCR
Dai 2019 Asian miR-200b Up ue 0.761 60/60 DM gRT- Serum 814 723 0.761
(31) PCR
Dai 2019 Asian miR-451 miR-221 Up ue NA 60/60 DM gRT- Serum 932 775 0.938
31) miR-200b PCR
Ma 2019 Asian miR-93 up ue NA 76/45  HI gRT- Serum 81 89 0.883
32 PCR (0.813-
0.950)
Ma 2019 Asian miR-21 up ue NA 76/45  HI gRT- Serum 7 90 0.845
(32) PCR (0.769-
0.914)
Ma 2019 Asian miR-93 miR-21 Up ue NA 76/45  HI aRT- Serum 87 92 0.946
32) PCR (0.857-
0.993)
Yu 2019 (17) Asian miR-19b up NA NA 39/30 DM aRT- Serum 87 80 0.78 (0.66-
PCR 0.90)
Yu 2019 (17) Asian miR-221 up NA NA 39/30 DM qRT- Serum 100 73 0.89 (0.81-
PCR 0.97)
Yu 2019 (17) Asian miR-18b up NA NA 39/30 DM agRT- Serum 69 97 0.78 (0.67-
PCR 0.90)
Li2019 (83) Asian miR-4448 miR-338-3p down NA -43.869 10/11 T2DM agRT- Serum 90 90 0.909
miR-190a-5p PCR
miR-485-5p miR-9-5p
Shaker 2019 African miR-20b down SNORD 68 4.375 50/30  T2DM agRT- Serum 62 60 0.858
(19 PCR (0.753-
0.963)
Shaker2019  African miR-17-3p down SNORD 68 0.2 50/30  T2DM aqRT- Serum 92 56.7 0.678
(19 PCR (0.535-
0.821)
Ji2019 (34)  Asian miR-2116-5p up cel-miR-39 NA 45/45  T2DM gRT- Serum 622 778 0.756
PCR
(Continued)
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TABLE 1 | Continued

First Ethnicity miRNAs Expression Reference  Cut-off Case/ Controls Method Specimen Sen Spe AUC (95%
author/Year Control (%) (%) Cl)
Ji2019 (34)  Asian miR-3197 up cel-miR-39 NA 45/45  T2DM aRT- Serum 93.3 91.1 0.966
PCR
Ji2019 (34)  Asian miR-2116-5p up cel-miR-39 NA 45/45  T2DM gRT- Serum 97.8 889 0.972
miR-3197 PCR
Lin 2020 (35) Asian miR-15 down ue 0.63 105/50 HI gRT- Serum 849 653 0.796
PCR (0.724-
0.857)
Lin 2020 (35) Asian miR-29a up ue 0.11 105/50 HI agRT- Serum 53.8 79.6 0.677
PCR (0.597-
0.749)
Liu 2020 (36) Asian miR-15a up u6 219.20 34/40 CP qRT- AH 824 615 0.762
copies/uL PCR (0.654-
0.871)
Liu 2020 (36) Asian miR-16 up ue 148.06 34/40 CP qRT- AH 67.6 66.7 0.671
copies/uL PCR (0.546-
0.797)
Liu 2020 (36) Asian miR-20b up ue 244.31 34/40 CP gRT- AH 88.2 69.2 0.862
copies/uL PCR (0.780-
0.943)
Liu 2020 (36) Asian miR-15a MiR-16 up ue NA 34/40  CP agRT- AH 912 769 0.912
miR-20b PCR (0.848-
0.976)
Liu 2020 (36) Asian miR-15a up ue 2.77 34/40  CP aRT- Serum 76.5 769 0.798
PCR (0.695-
0.901)
Liu 2020 (36) Asian miR-16 up ue 2.39 34/40  CP gRT- Serum 70.6 641 0.688
PCR (0.565-
0.810)
Liu 2020 (36) Asian miR-20b up ue 3.42 34/40  CP gRT- Serum 79.4 821 0.886
PCR (0.806-
0.967)
Liu 2020 (36) Asian miR-15a up ue NA 34/40  CP gRT- Serum 79.4 923 0.931
miR-16_miR-20b PCR (0.872-
0.990)
Yin 2020 Asian miR-210 up ue 1.905 110/60 HI aRT- Serum 955 95 0.991
37) PCR
Yin 2020 Asian miR-210 up ue 2.335 110/40 DM agRT- Serum 83.6 80 0.892
37) PCR
Wan 2020 Asian miR-409-5p up ue NA 115/102 T2DM gRT- Serum 83.3 574 0.757
(38) PCR (0.693-
0.820)
Wan 2020 Asian miR-216a down ue NA 115/102 T2DM agRT- Serum 471 878 0.703
(38) PCR (0.633-
0.772)
Wan 2020 Asian miR-409-5p up ue NA 115/100 HI qRT- Serum 90 791 0.892
(38) PCR (0.848-
0.935)
Wan 2020 Asian miR-216a down ue NA 115/100 HI gRT- Serum 71 87.8 0.859
(38) PCR (0.810-
0.908)
Hu 2021 (39) Asian miR-29¢ up ue 1.31 65/64  HI gRT- Serum 64.6 787 0.716
PCR (0.638-
0.785)
Liu 2021 (40) Asian miR-211 up ue 2.23 90/90  DMW/HI agRT- plasma 724 75 0.839
PCR (0.785-
0.894)
Sun 2021 Asian miR-320 down NA NA 179/83 DM qRT- Serum 63.1 91.6 0.788
(41) PCR (0.734-
0.842)
Santovito European miR-25-3p up/down miR-19-5p NA 20/20  T2DM/HI gRT- plasma 85 85 0.931
2021 (42) miR-320b miR-125a- PCR (0.853-
miR-495-3p 5p 1.000)
(Continued)
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TABLE 1 | Continued

First Ethnicity miRNAs Expression Reference  Cut-off Case/ Controls Method Specimen Sen Spe AUC (95%

author/Year Control (%) (%) Cl)

Santovito European miR-320b up/down miR-19-5p NA 20/20  T2DM/HI gRT- plasma 83 79 0.847

2021 (42) miR-495-3p miR-125a- PCR (0.722-

5p 0.972)

Wang 2021 Asian miR-374a up snoRNA 1.659 137/70  T2DM aRT- Serum 829 803 0.892

(43) ue PCR

Liu 2022 (44) Asian miR-425-5p up ue 1.565 100/60  HI qRT- Serum 917 84 0.907
PCR

Liu 2022 (44) Asian miR-425-5p up ue 1.71 100/35 T2DM gRT- Serum 857 78 0.833
PCR

Salem 2022  African miR-181C up ue NA 60/60  HI gRT- Serum 90 100  0.983 (0.94-

(14) PCR 1.0)

Salem 2022  African miR-1179 up ue NA 60/60 HI gRT- Serum 90 80  0.927 (0.82-

(14) PCR 1.0)

up, upregulated; down, downregulated; NA, not available; HI, health individuals; CP, cataract patients; AH, aqueous humor; Sen, sensitivity; Spe, specificity; AUC, area under the curve; Cl,

confidence interval.

heterogeneity between studies, and a random effects model was
used to estimate the diagnostic performance of miRNAs in DR.
The results for diagnostic accuracy of miRNA for DR were as
follows: sensitivity, 0.82 (95% CI: 0.78-0.85); specificity, 0.84 (95%
CI: 0.81-0.86); NLR, 0.22 (95% CI: 0.18 -0.26); PLR, 5.0 (95% CI:
4.2-5.9), and DOR, 23 (95% CI: 17-31). In addition, we plotted the
SROC curve to assess the diagnostic accuracy (Figure 4). The
AUC was 0.90 (95% CI: 0.87-0.92), which indicated a strong
overall accuracy of miRNAs in the diagnosis of DR. Aiding in the
process of clinical decision during diagnosis is an important value
of biomarkers. Therefore, we plotted a graph (Figure 5) based on
the combination of PLR and NLR to determine their clinical
applicability. PLR >10 and NLR <0.1 represent high diagnostic
accuracy. We observed superior diagnostic efficacy of miRNAs in

two studies in the articles by Yin et al. and Ji et al. (25, 37).
Therefore, miR-3197 and miR-210 may be promising miRNAs
and should be further examined in future studies (Figure 5A).
MiRNAs with high diagnostic accuracy were also confirmed by
Fagan’s nomogram, with post-test probabilities of 0.56 and 0.5 for
PLR and NLR, respectively, when the pre-test probability was set
at 20% (Figure 5B).

Subgroup Analyses, Meta-Regression, and
Sensitivity Analyses

To explore the potential heterogeneity, we performed subgroup
analysis (Table 2) and regression analysis, grouped according
to miRNA profiling, sample size, sample source, miRNA
expression, ethnicity, internal reference and cut-off values
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FIGURE 3 | Forest plots of studies examining microRNAs used in the diagnosis of diabetic retinopathy.

setting. Notably, the diagnostic accuracy of miRNA panel was
higher compared to single miRNA. The sensitivity, specificity,
PLR, NLR, DOR and AUC values for single miRNAs and
miRNA panel were 0.80 (95% CI: 0.76-0.83), 0.83 (95% CI:
0.79-0.86), 4.6 (95% CI: 3.8-5.5), 0.24 (95% CI: 0.20-0.30), 19
(95% CI: 14-26) and 0.88 (95% CI: 0.85-0.91) and 0.89 (95% CI:
0.85-0.92), 0.87 (95% CI: 0.83-0.91), 7.1 (95% CI: 5.2-9.6), 0.13
(95% CI: 0.09-0.17), 56 (95% CI: 37-86) and 0.94 (95% CI: 0.92-
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FIGURE 4 | Summary receiver operator characteristic (SROC) curve examining
the overall accuracy of mRNAs in the diagnosis of diabetic retinopathy.

0.96), respectively. The results of the diagnostic accuracy of DR
for sample size <100 and sample >100 are listed as follows: the
sensitivity was 0.82 (95% CI: 0.79-0.85) vs. 0.80 (95% CI: 0.72-
0.86), specificity was 0.84 (95% CI: 0.80-0.87) vs. 0.83 (95% CI:
0.78-0.87), PLR was 5.1 (95% CI: 4.1-6.3) vs. 4.7 (95% CI: 3.6-
6.2), NLR was 0.21 (95% CI: 0.17-0.26) vs. 0.24 (95% CI: 0.17-
0.34), DOR was 24 (95% CI: 17-35) vs. 20 (95% CI: 12-32), and
AUC was 0.90 (95% CI: 0.87-0.92) vs. 0.89 (95% CI: 0.85-0.91).
No significant difference was observed in the overall diagnostic
accuracy of DR for sample size <100 compared to that observed
with sample size >100. In plasma samples, the values
corresponding to sensitivity, specificity, PLR, NLR, DOR, and
AUC were 0.78 (95% CI: 0.73-0.82), 0.87 (95% CI: 0.83-0.90),
6.1 (95% CI: 4.7-7.9), 0.25 (95% CI: 0.20-0.31), 24 (95% CI: 16-
36), and 0.90 (95% CI: 0.87-0.92), respectively. In serum
samples, the values corresponding to sensitivity, specificity,
PLR, NLR, DOR, and AUC were 0.83 (95% CI: 0.78-0.86),
0.84 (95% CI: 0.80-0.87), 5.1 (95% CI: 4.1-6.3), 0.21 (95% CI:
0.16-0.26), 25 (95% CI: 17-36), and 0.90 (95% CI: 0.87-0.92),
respectively. In aqueous humor, the values corresponding to
sensitivity, specificity, PLR, NLR, DOR, and AUC were 0.83
(95% CI: 0.72-0.91), 0.69 (95% CI: 0.61-0.87), 2.7 (95% CI: 2.0-
3.7), 0.24 (95% CI: 0.13-0.43), 11 (95% CI: 5-26), and 0.77 (95%
CI: 0.73-0.80), respectively. Interestingly, miRNA expression
levels were also correlated with diagnostic value, and our results
showed that miRNAs with increased expression exhibited
better diagnostic value. In the group demonstrating increased
expression of miRNAs, the corresponding values for sensitivity,
specificity, PLR, NLR, DOR and AUC were 0.83 (95% CI: 0.79-
0.86), 0.84 (95% CI: 0.81-0.87), 5.1 (95% CI: 4.2-6.2), 0.21 (95%
CI: 0.17-0.25), 25 (95% CI: 18-35) and 0.90 (95% CI: 0.87-0.92),

Frontiers in Endocrinology | www.frontiersin.org

July 2022 | Volume 13 | Article 929924


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Ma et al.

MicroRNAs as Diabetic Retinopathy Biomarkers

A 1004 ) B O 99.9
LUQ: Exclusion & Confirmation g'g gg'g
LRP>10, LRN<0.1 : g
RUQ: Confirmation Only 8? gg~§
LRP>10, LRN>0.1 1 99"
LLQ: Exclusion Only 2 Likelihood Ratio o8
LRP<10, LRN<0.1 3 1000 97
RLQ: No Exclusion or Confirmation 5 500 95
LRP<10, LRN>0.1 7 200 93
2 Summary LRP & LRN for Index Test s i 50 20 £
e ® ® 'With 95 % Confidence Intervals S 204 20 80 =
- I I
o ————
: £ R
£ & .
g 10"® """"" @®@© """""""" E 70 8% 30 E
i ® e, (6] s 80 0.05 20 §
2 o & £ o 3% o &
2 [c) @ 93 0.005 z
o e @ S5 0.002 )0
o o0& ® o7 0.001 3
D ® 0 98 2
° & 0% i3 iz
@ 8 @ 997 03
® %98 02
99.9 0.1
* Prior Prob (%) = 20
1 t 1 LR _Positive = 5
01 > Post_Prob_Pos (%) = 56
Negative Likelihood Ratio > B e Neg = 5
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ratio for diagnosis of DR; (B) Fagan’s nomogram of miRNA studies for diagnosis of DR.

respectively. In addition, ethnicity had an impact on the
diagnostic value of miRNAs, compared to the Asian
population, the non-Asian populations had higher diagnostic
accuracy, for sensitivity 0.86 (95% CI: 0.76-0.92), specificity
0.83 (95% CI: 0.61-0.94), PLR 5.0 (95% CI: 1.9 -13.1), NLR 0.17
(95% CI: 0.09-0.32), DOR 29 (95% CI: 7-124), and AUC 0.91
(95% CI: 0.88-0.93). Surprisingly, most studies selected U6 as
an internal reference, yet the diagnostic value of the selected
other miRNA internal reference groups was more significant
than the U6 group, with sensitivity, specificity, PLR, NLR, DOR
and AUC for the U6 group, respectively, of 0.80 (95% CI: 0.77-
0.83), 0.84 (95% CI: 0.81-0.87), 5.0 (95%CI: 4.1-6.0), 0.24 (95%

CI: 0.20-0.28), 21 (95%CI: 16-29) and 0.89 (95%CI: 0.86-0.92),
respectively, for the non-U6 group sensitivity, specificity, PLR,
NLR, DOR and AUC, respectively, were 0.88 (95% CI: 0.76-
0.94), 0.81 (95% CI: 0.71-0.88), 4.5 (95% CI: 2.8-7.3), 0.15 (95%
CI: 0.07 -0.33), 29 (95% CI: 9-91) and 0.90 (95% CI: 0.87-0.92),
while studies without an explicitly given internal reference had
higher diagnostic value, with sensitivity, specificity, PLR, NLR,
DOR and AUC were 0.90 (95% CI: 0.70-0.97), 0.86 (95% CIL:
0.72-0.94), 6.4 (95% CI: 3.3-12.6), 0.12 (95% CI: 0.04-0.36), 56
(95% CI: 19-164) and 0.93 (95% CI: 0.91-0.95). In addition,
studies with optimal cut-off values had pooled results for
sensitivity, specificity, PLR, NLR, DOR and AUC of 0.80

TABLE 2 | Summary estimates of diagnostic power and their 95% confidence intervals.

Subgroup No. studies Sen (95% CI) Spe (95% CI)
MiRNA proliling

Single miRNA 41 0.80 (0.76-0.83) 0.83 (0.79-0.86)
Multiple miRNAs ihl 0.89 (0.85-0.92) 0.87 (0.83-0.91)
Sample size

<100 38 0.82 (0.79-0.85) 0.84 (0.80-0.87)
>100 14 0.80 (0.72-0.86) 0.83 (0.78-0.87)
Specimen

Plasma 10 0.78 (0.73-0.82) 0.87 (0.83-0.90)
Serum 38 0.83 (0.78-0.86) 0.84 (0.80-0.87)
aqueous humor 4 0.83 (0.72-0.91) 0.69 (0.61-0.87)
Regulation mode

Up-regulate 41 0.83 (0.79-0.86) 0.84 (0.81-0.87)
Down-regulate 9 0.77 (0.66-0.85) 0.82 (0.73-0.89)
Ethnicity

Asian 46 0.81 (0.78-0.85) 0.84 (0.81-0.86)
Non-Asian 6 0.86 (0.76-0.92) 0.83 (0.61-0.94)
Internal reference

ue 40 0.80 (0.77-0.83) 0.84 (0.81-0.87)
Non-U6 8 0.88 (0.76-0.94) 0.81 (0.71-0.88)
NA 4 0.90 (0.70-0.97) 0.86 (0.72-0.94)
Cut-off values

Given 26 0.80 (0.75-0.83) 0.80 (0.76-0.84)
NA 26 0.84 (0.79-0.88) 0.87 (0.83-0.90)

PLR (95% CI)

4.6 (3.8-5.5)
7.1(6.2-9.6)

5.1 (4.1-6.9)
4.7 (3.6-6.2)

6.1(4.7-7.9)
5.1 (4.1-6.9)
2.7 (2.0-3.7)

5.1(4.26.2)
4.3(2.8-6.6)

5.0 (4.3-5.9)
5.0 (1.9-13.1)

5.0 (4.1-6.0)
4.5(2.8-7.9)
6.4 (3.3-12.6)

4.0 (3.2-4.9)
6.4 (5.0-8.1)

NLR (95% CI)

0.24 (0.20-0.30)
0.13 (0.09-0.17)

0.21 (0.17-0.26)
0.24 (0.17-0.34)

0.25 (0.20-0.31)
0.21 (0.16-0.26)
0.24 (0.13-0.43)

0.21 (0.17-0.25)
0.28 (0.19-0.42)

0.22 (0.18-0.27)
0.17 (0.09-0.32)

0.24 (0.20-0.28)
0.15 (0.07-0.33)
0.12 (0.04-0.36)

0.26 (0.21-0.32)
0.18 (0.14-0.24)

DOR (95% CI)

19 (14-26)
56 (37-86)

24 (17-35)
20 (12-32)

24 (16-36)
25 (17-36)
11 (5-26)

25 (18-35)
15 (8-29)

23 (17-30)
29 (7-124)

21 (16-29)
29 (9-91)
56 (19-164)

15 (11-23)
35 (23-53)

AUC (95% ClI)

0.88 (0.85-0.91)
0.94 (0.92-0.96)

0.90 (0.87-0.92)
0.89 (0.85-0.91)

0.90 (0.87-0.92)
0.90 (0.87-0.92)
0.77 (0.73-0.80)

0.90 (0.87-0.92)
0.87 (0.83-0.89)

0.90 (0.87-0.92)
0.91 (0.88-0.93)

0.89 (0.86-0.92)
0.90 (0.87-0.92)
0.93 (0.91-0.95)

0.87 (0.83-0.89)
0.92 (0.89-0.94)

Sen, sensitivity; Spe, specificity; PLR, posttive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; AUC, area under the curve; Cl, confidence interval; NA, not available.
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(95% CI: 0.75-0.83), 0.80 (95% CI: 0.76-0.84), 4.0 (95% CI: 3.2-
4.9), 0.26 (95% CIL: 0.21-0.32), 15 (95% CI 11-23) and 0.87
(95% CI: 0.83-0.89), while studies without cut-off values
showed better diagnostic value with sensitivity of 0.84 (95%
CI: 0.79-0.88), specificity of 0.87 (95%CI: 0.83-0.90), PLR of
6.4 (95%CI: 5.0-8.1), NLR of 0.18 (95%CI: 0.14-0.24), DOR of
35 (95%CI: 23-53), and AUC of 0.92 (95%CI: 0.89-
0.94), respectively.

The results of the sensitivity analysis are shown in
Figure 6. The goodness of fit (Figure 6A) and bivariate
normality (Figure 6B) showed that the random effects
model was suitable. Influence analysis identified that studies
of Yu et al, Shaker et al, Yin et al, Wan et al, and Salem et al.
were the most dominant studies in weight (Figure 6C).
Outlier detection implied that heterogeneity may be
attributed to the data corresponding to studies of Yu et al,
Wan et al, and Salem et al. (Figure 6D). After excluding four
outlier studies, the I> value for heterogeneity decreased to
3.98% for sensitivity and 7.48% for specificity. There was no
significant change in the pooled results for diagnostic
efficacy (Table 3).

We performed meta-regression analysis with ethnicity,
miRNA profiling, sample source, sample size, miRNA
expression, internal reference and cut-off values as
independent variables to explore the sources of heterogeneity.
The results are shown in Figure 7. For sensitivity and specificity,
all seven independent variables were statistically significant,
indicating that ethnicity, miRNA profiling, sample source,
sample size, miRNA expression, internal reference and cut-off
values were sources of heterogeneity.

TABLE 3 | Diagnostic performance of miRNAs in DR.

Analysis Overall Outliers excluded
No. of studies 52 48

Sen (95% Cl) 0.82 (0.78-0.85) 0.81 (0.78-0.84)
Spe (95% Cl) 0.84 (0.81-0.86) 0.83 (0.81-0.86)
PLR (95% Cl) 5.0 (4.2-5.9) 4.9 (4.2-5.8)
NLR (95% ClI) 0.22 (0.18-0.26) 0.22 (0.19-0.26)
DOR (95% Cl) 23 (17-31) 22 (17-30)
AUC (95% Cl) 0.90 (0.87-0.92) 0.89 (0.86-0.92)

Sen, sensitivity; Spe, specificity; PLR, positive likelihood ratio; NLR, negative likelihood
ratio; DOR, diagnostic odds ratio; AUC, area under the curve; Cl, confidence interval.

Publication Bias

Deek’s funnel plot was plotted for the 25 included papers
(Figure 8). The studies were relatively symmetrically
distributed on both sides of the regression line with P=0.41,
and the differences were not statistically significant, indicating
that there was no publication bias in the included data.

DISCUSSION

This meta-analysis of 25 articles including 1987 patients with
DR and 1771 non-DR controls showed that miRNAs
demonstrate high sensitivity (0.82, 95% CI: 0.78-0.85) and
specificity (0.84, 95% CI: 0.81-0.86) in the diagnosis of DR. The
pooled PLR of 5.0 indicates a 5.0-fold increase in the
probability of an individual being diagnosed with DR. In
addition, the NLR was 0.22, implying that the probability of
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FIGURE 6 | Diagram of sensitivity analysis showing (A) goodness-of-fit; (B) bivariate normality; (C) influence analysis; (D) outlier detection.
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FIGURE 7 | Meta-regression analysis for examining sensitivity and specificity
of miRNAs for the diagnosis of diabetic retinopathy.

subjects being diagnosed with DR was only 22%. DOR is an
indicator of discriminatory test performance (47), and a DOR
value greater than 1 indicates a better diagnostic test, with a
DOR of 23, representing the ability of the miRNA to effectively
discriminate between DR patients and non-DR control
populations. However, due to heterogeneity among the
included studies, we explored confounding factors by
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FIGURE 8 | Funnel plot for determining publication bias.

subgroup analysis and meta-regression analysis. Subgroup
analysis revealed miRNA profiling, sample size, sample
source, miRNA expression, ethnicity, internal reference and
cut-off values setting as sources of heterogeneity.The combined
detection of pooled miRNAs demonstrated better diagnostic
accuracy than single miRNAs, with an AUC value of 0.94 for
the miRNA group and 0.88 for single miRNAs. These results
are consistent with previous findings by Zhou et al. on
differential expression of miRNA in patients with DR (48),
which may be explained by multiple gene mutations and
epigenetic genetic abnormalities that are involved in the
development of DR (49). Therefore, miRNA panel may be
more suitable as a diagnostic biomarker for DR, which is the
future development trend. One subgroup analysis that requires
specific consideration showed that the sensitivity of miRNAs
for diagnosis was higher in the non-Asian population (0.86) than
in the Asian population (0.81). However, data from only six studies
were available for the non-Asian group compared with 46 studies
for the Asian group. Hence, we suggest that this difference may be
attributed to the smaller number of studies performed with non-
Asian populations. In addition, we found that the AUC values of
miRNAs in serum, plasma, and aqueous humor were 0.90, 0.90, and
0.77, respectively, indicating that the detection of miRNAs in serum
and plasma samples has high accuracy. Since the studies we
included all used qRT-PCR to detect miRNAs levels, it was
necessary to select appropriate internal reference genes for
standardization, and we were surprised to find that although most
studies used U6 as an internal reference gene, miRNAs showed
higher diagnostic power with the analysis of other materials referred
to as non-U6 references. qRT-PCR is the most widely used method
for circulating miRNA expression profiling, and the accurate and
reliable interpretation of its results depends heavily on the use of
suitable reference genes for normalization, but the selection of
suitable internal reference genes is still controversial (50), and the
future selection of uniform and highly stable internal reference is
essential to eliminate or minimize abiotic variation between test
samples. Furthermore, in terms of clinical applicability, Fagan's
nomogram demonstrate promising results, with post-test
probabilities of 0.56 and 0.5 for PLR and NLR, respectively, when
the pre-test probability was set at 20%. This finding indicated that
when the samples tested positive for the presence of miRNAs,
patients had a 56% probability of developing DR, while the post-test
probability of disease was reduced to 5% when the samples were
tested negative for miRNAs. Among these studies, the expression of
circulating miRNA-21 was reported to be upregulated in five
articles. The sensitivity of miR-21 alone for the diagnosis of DR
ranged from 0.661 to 0.818, and the specificity ranged from 0.867 to
0.908. Four studies analyzed miRNA-21 alone, and our meta-
analysis of the diagnostic efficacy of miRNA-21 showed
sensitivity, specificity, PLR, NLR, DOR, and AUC values of 0.70,
0.90, 6.9, 0.33, 21, and 0.89, respectively. Chen et al. demonstrated
the protective effect of miR-21 silencing on neovascularization and
inflammation in DR through a “knockdown” experiment (51). miR-
21 may be an important regulator of reactive oxygen species
homeostasis and antioxidant pathways, interfering with
superoxide dismutase 2 expression and thereby affecting the

Frontiers in Endocrinology | www.frontiersin.org

July 2022 | Volume 13 | Article 929924


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Ma et al.

MicroRNAs as Diabetic Retinopathy Biomarkers

antioxidant response system, which is one of the major causes of
cellular damage (52, 53). Therefore, miRNA-21 is considered an
early predictor of reactive oxygen species-mediated injury in
individuals at high risk for diabetes and has the potential to be an
excellent marker for the diagnosis of DR.

These are several strengths of this meta-analysis. This is the
first meta-analysis to perform a detailed assessment of the
diagnostic value of miRNAs in DR. A more comprehensive list
of miRNAs was analyzed in this study. The study also delineated
miRNA subtypes that require further examination. Secondly,
subgroup analysis and meta-regression analysis were performed
to explore the heterogeneity of the studies included based on the
high degree of heterogeneity.

Some limitations of this meta-analysis should be highlighted.
First, the cutoff values of miRNAs in the included studies
differed, which could lead to heterogeneity. Second, we did not
assess differences in the accuracy of miRNA detection at different
stages of DR for the diagnosis of DR due to a lack of sufficient
data. Third, most of the included studies were based on Asian
populations, which may contribute to ethnic bias. Fourth, this
meta-analysis only included articles published in English and
Chinese, which may also contribute to unavoidable bias. Fifth,
most studies are retrospective case-control studies, increasing the
risk of bias in the quality assessment of patient selection
domains, in addition to the fact that there is no consensus on
the selection of uniform and stable internal reference genes,
which may lead to inconsistent results in the relative quantitative
analysis of miRNAs. In addition, the relatively small sample size
of each study may have limited the statistical power. Regrettably,
due to the lack of a large number of similar miRNAs to pool the
results, it is not yet possible to identify specific single miRNA or
miRNAs panel as the best diagnostic biomarkers for DR.
Therefore, based on the above limitations, these findings need
to be interpreted with caution, and the results of our meta-
analysis need to be further confirmed by well-designed studies
with larger sample sizes in the future.

In conclusion, the current evidence suggests that miRNAs have
significant diagnostic value in predicting DR and may be employed
as effective non-invasive biomarkers for DR. Furthermore, miRNA
panels have higher diagnostic potency than individual miRNAs.
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