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Abstract

Objective: The clinical importance of aberrantly expressed microRNAs (miRNAs) in diagnosing

inflammatory bowel disease (IBD) has not been well established, so was investigated in this

systematic review and meta-analysis.

Methods: Articles in online databases from inception to March 17, 2021 were retrieved.

Random effects meta-analysis was used to obtain sensitivity, specificity, positive (PLRs) and neg-

ative likelihood ratios (NLRs), diagnostic odds ratios (DORs), and areas under the curve (AUC)

with 95% confidence intervals (CI) for IBD diagnosis.

Results: Of 117 studies reporting altered miRNA expression in IBD included in the systematic

review, 15 involving 937 patients with IBD and 707 controls, 22 miRNAs, and two miRNA panels

were eligible for meta-analysis. Pooled analyses showed a moderate diagnostic accuracy for

miRNAs in the IBD diagnosis, with a sensitivity of 0.80 (95% CI: 0.79–0.82), specificity of 0.84

(95% CI: 0.82–0.86), DOR of 21.19 (95% CI: 13.90–32.31), and AUC of 0.89. Subgroup analyses

revealed a better performance in patients with ulcerative colitis (AUC, 0.93) than Crohn’s disease

(AUC, 0.84). Consistent upregulation of miR-21, miR-16, and miR-192 in blood with a

high-moderate diagnostic accuracy was found in at least two studies.

Conclusions: These findings suggest miRNAs are credible diagnostic biomarkers in IBD.
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Introduction

Inflammatory bowel disease (IBD) involves

chronic relapsing inflammation of the gas-

trointestinal (GI) tract that results from the

complex interplay between the immune

system, microbes, and the GI tract in genet-

ically susceptible individuals.1 Ulcerative

colitis (UC) and Crohn’s disease (CD) are

the two most common entities of IBD. UC

is characterized by inflammation of the

colonic mucosa, and can affect variable

lengths of the colon,2 while CD features

transmural inflammation that may occur

in any section of the gut from the mouth

to the anus, with a particular predilection

for the terminal ileum.3 Indeterminate coli-

tis or IBD unclassified (IBDU) is an IBD

with characteristics overlapping UC and

CD. IBD can occur at any age, although

incidence peaks in adolescence and early

adulthood, and its prevalence has been

rising globally.4 Globally between 1990

and 2017, the total years lived with disabil-

ity attributed to IBD almost doubled in

number, and the disability-adjusted life

years decreased significantly.5 As well as

resulting in a poor quality of life, IBD

also incurs at least a 3-fold higher direct

cost of care.6

Because the symptoms of IBD are highly

variable, a diagnosis must be made from the

medical history, together with findings from

physical, laboratory, radiologic, endoscop-

ic, and histological examinations.7

However, these diagnostic techniques are

not specific and may produce equivocal

results. Therefore, reliable biomarkers for

IBD are urgently needed.
Micro (mi)RNAs are single-stranded,

noncoding RNAs containing 22 to 24

nucleotides that post-transcriptionally reg-

ulate gene expression by blocking mRNA

translation or degrading target mRNAs.

miRNAs are widely involved in physiolog-

ical and pathological cellular processes,

such as differentiation, proliferation, and

apoptosis. Additionally, they are stable,

non-invasive, and resistant to degradation

by ribonucleases, making them valuable

targets in the diagnosis, monitoring, prog-

nosis, and treatment of diseases.8

Several clinical and preclinical studies

have shown that dysregulated miRNAs

play a crucial role in IBD development, 9–

12 but miRNA expression profiling in

patients with IBD has given inconsistent

results. Moreover, the diagnostic accuracy

of miRNAs for IBD has not been examined

by meta-analysis. Therefore, this study sys-

tematically reviewed clinical studies investi-

gating miRNAs as diagnostic biomarkers

for IBD and assessed their overall diagnos-

tic accuracy by meta-analysis.

Methods

Registration and protocol

This study was retrospectively registered

at INPLASY (registration number:

INPLASY202220027; DOI number:

10.37766/inplasy2022.2.0027). The review

protocol can also be accessed at INPLASY.
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Meta-analysis reporting guidelines

This meta-analysis was performed accord-

ing to the guidelines of the preferred report-

ing items for systematic reviews and

meta-analysis (PRISMA) studies statement.13

Literature search strategy

We searched articles in online databases

including PubMed, EMBASE, Web of

Science, the Cochrane Library, and the

Cochrane IBD Group Specialized Register

from inception to March 17, 2021 using the

following medical subject heading terms

and keywords: “inflammatory bowel dis-

ease*”, “Crohn*”, “ulcerative colitis”,

and the combination of “MicroRNA*”,

“miRNA*”, and “miR*”. Details of the

search terms and combination strategies

used in PubMed are reported in Table S1.

A manual review of the references from

selected articles was also performed to iden-

tify relevant studies.

Inclusion criteria

Two reviewers (L.S. and Y.H.) indepen-

dently screened titles and abstracts and

retrieved full-text publications for poten-

tially relevant articles. Disagreements were

resolved by a third author (H.Y.) when nec-

essary. Studies were included in this system-

atic review if they were reports on miRNA

expression in patients with IBD, and if they

could be used to construct a 2� 2 contin-

gency table for IBD diagnosis based on

miRNA diagnostic accuracy. There were

no age restrictions for participants included

in the studies.

Exclusion criteria

Studies meeting one or more of the follow-

ing criteria were excluded: 1) duplicate pub-

lications or articles with republished data;

2) reviews, letters, comments, replies, erra-

tum, and conference abstracts; 3) case

reports, database, or methodological stud-

ies; 4) cell, animal, or microbiological trials;

5) studies focusing on IBD-related diseases;

6) studies of miRNA polymorphisms or

methylation; and 7) studies without healthy

controls or the use of normal tissues.

Data extraction

Two reviewers (L.S. and H.W.) indepen-

dently extracted data to a pre-tested

Microsoft Excel sheet. Disagreements

were resolved by consensus and consulta-

tion with a third investigator (Y.H.).

Prespecified data parameters included:

1) publication data including the name of

the first author and year of publication;

2) demographic data regarding population,

number, age, and sex of participants;

3) experimental data including sample

source, method of quantifying miRNA

expression, control gene for normalization,

type of miRNA(s), and cut-off or fold-

change value; and 4) statistical data on

sensitivity and specificity. If sensitivity or

specificity were not reported, we extracted

area under the receiver operating character-

istic (ROC) curve (AUC) data, and calculat-

ed the sensitivity and specificity according to

published methods.14

Quality assessment

The quality of each study was independently

evaluated by two reviewers (H.L. and S.L.)

according to the Quality Assessment for

Studies of Diagnostic Accuracy (QUADAS-

2) tool.15 Disagreements were resolved by a

third author (H.Y.) if necessary. QUADAS-2

consisted of four key domains: (1) patient

selection; (2) index test; (3) reference stan-

dard; and (4) flow and timing. Each domain

was assessed in terms of risk of bias, and the

first three domains were assessed with respect

to applicability. Each item was answered with

“yes,” “no,” or “unclear.” A “yes” answer

Sun et al. 3



represented a low risk of bias, whereas “no”
or “unclear” represented a high risk of bias.

Statistical analysis

Data from individual datasets for meta-
analysis were combined using Meta-DiSc
v1.4 software (Clinical Biostatistics Unit,
Ram�ony Cajal Hospital, Madrid, Spain).
The number of true positives (TPs), false
positives (FPs), false negatives (FNs), and
true negatives (TNs) in each study were cal-
culated to obtain a summary (s)ROC;
pooled sensitivity, specificity, positive like-
lihood ratios (PLRs), negative likelihood
ratios (NLRs), and diagnostic odds ratios
(DORs) with 95% confidence intervals
(CIs) were also obtained. Study heterogene-
ity caused by a threshold effect was assessed
by Spearman’s correlation analysis and
ROC plane plots. Statistical heterogeneity
of non-threshold effects was assessed
based on the visual inspection of forest
plots, the Higgins’s inconsistency index
(I2) statistic, and the P value for the chi-
squared test.16 A random effects model
(the DerSimonian–Laird method) was
used when heterogeneity presented
(I2> 50% and/or P< 0.05). Otherwise, the
fixed effects model (the Mante–Haenszel
method) was used. Meta-regression was
also conducted to identify potential sources
of heterogeneity. The following a priori
subgroup analyses were carried out: IBD
subtype (UC versus CD), age of partici-
pants (pediatric population [<18 years of
age] versus adult population [�18 years of
age]), sample source (blood versus others),
and method of quantifying miRNA expres-
sion (quantitative [q]PCR versus microar-
ray alone). Sensitivity analyses were
performed to evaluate the stability of our
results. Publication bias was evaluated
using STATA v.12 software (Stata Corp,
College Station, TX) with Deeks’ funnel
plot asymmetry test, in which P< 0.10

indicated statistical significance.17 All P

values were two-sided, with P< 0.05 consid-

ered statistically significant. The

GRADEpro Guideline Development Tool

(https://www.gradepro.org/) was used to

assess the certainty of evidence, and shown

in GRADE Summary of Findings tables.

Patient and public involvement statement

Neither patients nor the public were involved

in the design or conduct of the study.

Results

Literature search and characteristics

of included studies

A total of 3592 records were identified in

the initial search of PubMed, EMBASE,

Web of Science, and Cochrane library data-

bases. After removing duplicates, 2174

records were included (Figure 1). Of these,

1869 were excluded after reviewing the titles

and abstracts. The remaining 305 full-text

articles were screened and 188 were exclud-

ed according to the exclusion criteria.

Finally, 117 primary articles of expression

profile studies were included in the system-

atic review, of which 15 studies9,18–31 about

diagnostic accuracy were included in the

meta-analysis (Table 1). Thirty-one studies

only reported altered miRNA expression

using various high-throughput miRNA

chips (Table S2), and 71 studies detected

miRNA expression using qPCR or quantita-

tive in situ hybridization (ISH) (Table S3).
The 15 articles included in the meta-

analysis (published from 2009 to 2021)

included 937 patients with IBD and 707

controls (healthy controls and those sus-

pected of IBD but subsequently identified

as healthy or non-IBD). Two studies

focused on the pediatric population (<18

years of age).21,27
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Data on altered miRNA expression using
miRNA microarray analysis

The 31 studies reporting altered miRNA
expression using miRNA microarray chips
(Table S2) included 31 cohorts containing

795 patients with IBD and 481 controls.

The most common sample resource was

tissue, including fresh or frozen or

formalin-fixed paraffin-embedded (FFPE)

tissues (n¼ 20, 64.52%). Detailed

Figure 1. Flow diagram summarizing the selection of eligible studies.
IBD: inflammatory bowel disease; miRNA: microRNAs; qPCR: quantitative polymerase chain reaction;
ISH: in situ hybridization.
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information on participant characteristics,
high-throughput modes of miRNA micro-
array, number of miRNA probes, expres-
sion validation methods, and related
clinicopathological factors are shown in
Table S2. Several miRNAs were reported
to have differential expression between
patients with IBD and controls. Cut-off
values varied, so miRNAs with a 4-fold
change are summarized in Table S2.
A total of 135 miRNAs were frequently
up-regulated in patients compared with
controls, and 53 miRNAs were frequently
down-regulated. Among them, 18 miRNAs
(13.33%) were up-regulated and three
miRNAs (7.55%) were down-regulated in
at least two studies. Several studies reported
the differential expression of the same
miRNAs, which are listed in Table S4.

Data on altered miRNA expression using
validated methods

Information about the 71 studies that
detected miRNA expression by qPCR or
ISH is shown in Table S3. A total of 2908
patients with IBD and 1927 controls were
enrolled in 75 cohorts. The samples were
mostly collected from the colonic mucosa
(n¼ 50, 66.67%) and blood (n¼ 13,
17.33%). Most studies (97.18%) detected
the expression level of miRNAs by qPCR.
U6 (61.33%) was the most common
normalization control. Participant charac-
teristics, the miRNA target, and clinico-
pathological factors are shown in Table
S3. Among the 69 miRNAs reported
in these studies, 46 (66.67%) were up-
regulated, 16 (20.29%) were down-
regulated, and the expression of seven
(10.14%) was inconsistent. Nineteen
miRNAs (27.54%) were up-regulated and
four miRNAs (5.80%) were down-
regulated in at least two studies (Table
S5). The most common significantly up-
regulated miRNAs were miR-155 (n¼ 11
studies), miR-31 (n¼ 9), miR-21 (n¼ 9),

miR-223 (n¼ 5), and miR-126 (n¼ 4)
were most frequently reported. The most
common significantly down-regulated
miRNAs were miR-141 (n¼ 4), miR-200b
(n¼ 3), miR-200a and miR-200c (both
n¼ 2).

Characteristics of studies included in
meta-analysis

Detailed characteristics of the 16 cohorts
from 15 studies9,18–31 that fulfilled the crite-
ria for meta-analysis are listed in Table 1.
A total of 937 patients with IBD, including
532 (56.78%) with UC, 394 (42.05%) with
CD, and 11 (1.17%) with IBDU, were
included. A total of 707 controls, including
585 (82.74%) healthy individuals, and
92 (17.26%) suspected of IBD but subse-
quently identified as healthy or non-IBD,
were enrolled. Blood was the most
common sample type (n¼ 12, 75.00%).
qPCR was mostly used for miRNA detec-
tion (n¼ 13, 81.25%), but normalization
controls varied (Table 1). From the 16
datasets, 22 miRNAs were enrolled in the
meta-analysis. Most studies reported up-
regulated miRNAs (86.36%). Six miRNAs
(27.27%) were reported in at least two stud-
ies; miR-223, miR-21, miR-16, miR-195,
and miR-192 were consistently up-
regulated, while miR-16 and miR-106a
showed an inconsistent regulation, which
might reflect different IBD types, controls,
disease subtypes, or sample resources.
Different fold-changes in miRNA expres-
sion are shown in Table 1.

Quality assessment of studies included in
meta-analysis

Details of the quality assessment by
QUADAS-2 are shown in Figure 2. Only
2 of the 16 cohorts (12.50%) showed no
bias in all four parameters assessed. Two
studies (12.50%) showed a low risk of bias
in three of the four domains, seven

Sun et al. 9



(43.75%) showed a low risk of bias in two

of the four domains, three (18.75%) showed

a low risk of bias in one of the four

domains, and two (12.50%) showed an

unclear or high risk of bias in all domains.

The biases identified in the studies were in

“patient selection” and “index test”. In the

domain of “patient selection”, most of the

included cohorts were case–control

designed, without detailed inclusion/exclu-

sion criteria or a description about whether

a blind or random method was used, which

resulted in a high risk of bias in “patient

selection”. Additionally, miRNA results

were interpreted after a diagnosis of IBD

was made, and the miRNA threshold was

set by the ROC curve instead of being

pre-specified, leading to a risk of bias in

the “index test”.

Meta-analysis of diagnostic accuracy

The analysis of heterogeneity showed no

“shoulder arm” pattern in the ROC plane

(Figure S1A), suggesting the absence of a

threshold effect. Spearman’s correlation

coefficient was 0.069, also indicating no

obvious heterogeneity as a result of the

threshold effect. Meta-analysis of the diag-

nostic odds ratio showed the presence of

high heterogeneity with a Q value of 21.19

(P< 0.01) and I2 of 71.7% (Figure S1B).

The meta-analysis of overall sensitivity

(I2¼ 86.0%; P< 0.01), specificity

Figure 2. Quality assessment of studies selected for analysis. (a) Summary of the risk of bias and appli-
cability concerns: reviewers’ judgments about each domain for each included study. (b) Risk of bias and
applicability concerns graph: reviewers’ judgments about each domain presented as percentages across the
included studies.
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(I2¼ 79.9%; P< 0.01), PLR (I2¼ 73.3%;

P< 0.01), and NLR (I2¼ 78.9%; P< 0.01)

also showed the presence of high heteroge-

neity (Figure 3 and Figure S2A). Therefore,

a random effects model was applied to each

meta-analysis.
The pooled estimates for sensitivity and

specificity of all miRNAs to discriminate

IBD from healthy controls or patients with-

out IBD were 0.80 (95% CI: 0.79–0.82) and

0.84 (95% CI: 0.82–0.86), respectively, cor-

responding to a PLR of 4.43 (95% CI:

3.48–5.63) and an NLR of 0.26 (95% CI:

0.21–0.33), respectively (Figure 3 and

Figure S2A). Meta-analysis showed a

DOR of 21.19 (95% CI: 13.90–32.31) and

an AUC of 0.89 for the diagnosis of IBD

versus controls (Figure S1B and Figure
S2B). These results indicated the good dis-
criminative ability of miRNAs as diagnostic
biomarkers for IBD.

Meta-regression and subgroup analysis

Meta-regression analysis was carried out to
identify potential sources that might cause
heterogeneity. The covariates considered
included IBD subtype, age of participants,
sample source, method of quantifying
miRNA expression, and controls.
Significant heterogeneity was observed in
IBD subtype, sample source, method of
quantifying miRNA expression, and con-
trols between groups (Table S6). Based on
this, subgroup analysis was conducted to

Figure 3. Forest plot for the meta-analysis of aberrant miRNA expression and sensitivity and specificity in
IBD. Pooled values and 95% CIs were calculated using a random effects model.
IBD: inflammatory bowel disease; miRNA: microRNAs; CI, confidence interval.

Sun et al. 11



improve the precision of the estimated diag-

nostic value of miRNA in patients with

IBD (Table 2). This indicated that

miRNAs had a higher diagnostic accuracy

in patients with UC (AUC¼ 0.93) than in

those with CD (AUC¼ 0.84), a higher diag-

nostic accuracy in distinguishing IBD from

healthy controls (AUC¼ 0.90) than non-

IBD controls (AUC¼ 0.80), and a higher

diagnostic accuracy in adults (AUC¼0.90)

than in children (AUC¼ 0.85); miRNAs

detected by microarray (AUC¼ 0.67)

significantly decreased the diagnostic

accuracy.
The potential biomarkers miR-21, miR-

16, and miR-192 showed consistent up-

regulation in blood samples from patients

with IBD compared with controls in at

least two studies. The combined effect size

and 95% CIs were calculated and used as

summary estimates. Heterogeneity was low

for miR-192 (I2¼ 0.0%) from the meta-

analysis of DOR across the two studies, so

the fixed effects model was applied.

A random effects model was applied for

the meta-analysis of miR-21 and miR-16.

Heterogeneity test and meta-analysis results

are presented in Table 3. miR-21, miR-16,

and miR-192 showed a high-moderate diag-

nostic accuracy with a sensitivity of 0.79

(95% CI: 0.71–0.87), 0.93 (95% CI: 0.89–

0.96), and 0.79 (95% CI: 0.68–0.87), respec-

tively, and a specificity of 0.85 (95% CI:

0.77–0.91), 0.82 (95% CI: 0.76–0.87), and

0.78 (95% CI: 0.64–0.88), respectively.

Sensitivity analysis and publication bias

Sensitivity analysis showed that the remov-

al of any individual study did not signifi-

cantly affect the overall outcome (Table S7).

The Deeks’ funnel plots revealed a publica-

tion bias (P< 0.10) (Figure S2), suggesting

the presence of potential publication bias,

language bias, inflated estimates by a

flawed methodologic design in smaller

studies, and/or a lack of publication of
small trials with opposite results.

Rating the quality of evidence

The GRADE approach showed the quality
of evidence to be low, indicating a limited
confidence in the predicted value which
might differ from the actual value. The evi-
dence was downgraded in two steps, once
for inconsistency and once for publication
bias. A summary of these findings is shown
in Table 4.

Discussion

Our systematic review revealed that several
aberrantly expressed miRNAs have been
reported in IBD, including 18 up-regulated
and three down-regulated miRNAs identi-
fied by miRNA microarray analysis, and 19
up-regulated and four down-regulated
miRNAs identified by validation analysis.
The overall findings of the meta-analysis
enrolling 22 miRNAs and two miRNA
panels from 15 studies showed that
miRNAs could be used in diagnosing
IBD, with a moderate level of sensitivity
(0.80, 95% CI: 0.79–0.82) and specificity
(0.84, 95% CI: 0.82–0.86). Subgroup anal-
ysis associated miRNAs in patients with
UC (AUC¼ 0.93) with an increased level
of diagnostic accuracy, while miRNAs
detected by microarray (AUC¼ 0.67) were
associated with a reduced diagnostic accu-
racy. Furthermore, miR-21, miR-16 and
miR-192 were shown to be consistently
up-regulated in the blood of patients with
IBD, fulfilling a principal requirement as
biomarkers for use in clinical practice.
Despite the limited number of included
studies, the pooled sensitivity and specific-
ity showed a considerable diagnostic value
for miR-21, miR-16, and miR-192 in distin-
guishing patients with IBD from controls.

Currently, there is no ideal biomarker
that can be used to accurately diagnose

12 Journal of International Medical Research
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IBD, although some studies have proposed

an “IBD signature” consisting of a panel

of biomarkers for IBD assessment.32

However, the heavy burden on health sys-

tems and low diagnostic accuracy makes it

challenging for decision makers to recom-

mend it. Therefore, methods for convenient

and economical diagnosis and clinical

assessment are urgently needed, particularly

when considering the reported rising in IBD

incidence.4

Aberrantly expressed miRNAs are

involved in various complex diseases such

as inflammation, cardiovascular disease,

asthma, infections, and cancer.33 Although

systematic reviews and/or meta-analyses

have included individual miRNAs showing

aberrant expression between patients with

IBD and controls, none have reported

their diagnostic values.34,35 Thus, this is

the first review to systematically report dys-

regulated miRNAs and to examine their

diagnostic accuracy of IBD by meta-

analysis.
An enhanced recognition of miRNA

expression may aid a diagnosis of IBD

and improve overall health outcomes.

Detecting miRNAs with altered expression

as diagnostic markers for IBD has advan-

tages over other methods. For example,

samples from peripheral blood, fresh tis-

sues, or even FFPE tissues can be quickly

and conveniently collected, and miRNA

expression is consistent in these samples.12

Additionally, as a mature technique for

miRNA testing, qPCR is simple and reli-

able. An accurate diagnostic tool based on

miRNAs will also help divert medical

resources toward high-risk populations to

improve the cost-effectiveness.
There are several limitations of this

study. First, some relevant studies might

have been missed because unpublished find-

ings like conference abstracts and sponsor

publications were not included, which could

have led to publication bias. Additionally,

the meta-analysis of miR-21, miR-16, and

miR-192 only included a limited number of

studies, which could have restricted the

power of detection. Second, there was sub-

stantial heterogeneity in the data. Although

the ROC plane indicated the absence of a

threshold effect, meta-regression analysis

found significant differences in the effect

Table 3. Subgroup analysis of miRNAs for IBD diagnosis.

Subgroup miR-21 miR-16 miR-192†

No. of studies 321,27,29 221,30 221,27

No. of patients 97 233 75

No. of controls 73 184 50

Sensitivity (95% CI) 0.79 (0.71–0.87) 0.93 (0.89–0.96) 0.79 (0.68–0.87)

I2, P value 0.0%, 0.41 96.0%, <0.001 0.0%, 0.91

Specificity (95% CI) 0.85 (0.77–0.91) 0.82 (0.76–0.87) 0.78 (0.64–0.88)

I2, P value 67.6%, 0.05 92.9%, <0.001 0.0%, 0.98

PLR (95% CI) 4.73 (1.93–11.62) 5.21 (3.83–7.08) 3.57 (2.09–6.10),

I2, P value 74.7%, 0.02 70.5%, 0.07 0.0%, 0.10

NLR (95% CI) 0.26 (0.16–0.42) 0.08 (0.05–0.13) 0.27 (0.17–0.43)

I2, P value 36.8%, 0.21 96.5%, <0.001 0.0%, 0.93

DOR (95% CI) 19.55 (5.20–73.49) 167.39 (61.19–457.87) 13.06 (5.65–30.17)

I2, P value 69.9%, 0.04 0.0%, 0.96 0.0%, 0.96

†A fixed effects model was used.

No.: Number; 95% CI: 95% confidence interval; I2: Higgins’s inconsistency index; PLR: Positive likelihood ratio;

NLR: Negative likelihood ratio; DOR: Diagnostic odds ratio.
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of IBD subtype, sample source, method of

quantifying miRNA expression, and con-

trols between groups. Third, the informa-

tion obtained from the studies was

relatively limited. The studies included in

the meta-analysis applied unspecified cut-

off values and diverse normalization meth-

ods as controls for miRNA quantification.

Moreover, some studies failed to provide

the most accurate estimate of diagnostic

accuracy, so the results might not be suffi-

ciently accurate. These limitations may

have impacted our meta-analysis results,

but we hope that it will provide the basis

for future studies.
In conclusion, our data, representing a

quantified synthesis of all published studies,

evidenced that the expression of some

miRNAs was altered in patients with IBD,

and showed moderate diagnostic accuracy

in distinguishing patients with IBD from

healthy controls or patients with other dis-

eases. Among these miRNAs, miR-21,

miR-16, and miR-192 fulfilled a clinical

practice requirement through their consis-

tent alteration in the blood of patients

with IBD. Additionally, the diagnostic

accuracy of miRNAs was more obvious in

UC patients and in distinguishing IBD

from healthy controls. However, large-

scale prospective, multi-center, and blinded

studies involving both single- and

combined-miRNA assays should be con-

ducted to verify our results and confirm

the clinical value of miRNAs in IBD

diagnosis.
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