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Abstract
Background: Accumulated evidence has indicated the associations between single-nucleotide polymorphisms (SNPs) in
microRNAs (miRNAs) and the susceptibility to diabetes mellitus (DM), but the conclusions remain controversial. This study was to
investigate the true contribution of miRNA SNPs to the risk of DM by using a meta-analysis of all the published studies.

Methods: Relevant studies were identified in the databases of PubMed and the Cochrane Library databases. The strength of
associations between miRNA polymorphisms and DM risk was assessed by odds ratios (ORs) and 95% confidence intervals (95%
CIs) under five genetic models using the STATA software.

Results: Six studies, containing 2773 cases and 2632 controls, were enrolled, 5 of which evaluated miR-146a (rs2910164), 4 for
miR-27a (rs895819), and 3 for miR-124 (rs531564) and 2 formiR-375 (rs6715345), miR-128a (rs11888095), miR-194a (rs3820455).
The meta-analysis indicated that the G allele or GG genotype of miR-146a rs2910164 was associated with a significantly increased
risk for DM compared with C allele or GC/CC genotype in Latin American population; CC genotype of miR-27a rs895819
polymorphism was associated with a significantly decreased risk for DM in Asian population compared with the TT genotype;
patients carrying with CC genotype of miR-124 rs531564 had a lower probability to develop DM regardless of ethnicity; no
associations were identified between polymorphisms in miR-375, miR-128a, miR-194a and the susceptibility to DM.

Conclusion: Our study suggests that miR-146a/miR-27a and miR-124 polymorphisms may be ethnicity-dependent or
-independent susceptibility factors to DM, respectively.

Abbreviations: CI = confidence interval, DM = diabetes mellitus, HWE =Hardy-Weinberg equilibrium, NOS =Newcastle-Ottawa
Scale, OR = odds ratio, PRISMA = Preferred Reporting Items for Systematic Review and Meta-analysis, SNP = single nucleotide
polymorphism, 3’-UTR = 3’-untranslated region.
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1. Introduction

Diabetes mellitus (DM), characterized by progressive hypergly-
cemia due to insulin resistance or insulin deficiency, has been a
common metabolic disorder worldwide. It was estimated that
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366 million people suffered from DM in 2013, and this number
will rise to 592million by 2035.[1] Patients with DM are at higher
risk of developing various microvascular complications (such as
nephropathy,[2] retinopathy,[3] neuropathy,[4] diabetic foot,[5]

hypertension, dyslipidemia,[6] and atherosclerosis[7]) which lead
to the disability and even death of patients. Thus, prediction of
the population at a higher risk of DM is essential in order to
reduce the incidence of DM and its related complications.
Although DM is a multifactorial disease, accumulating

evidence has shown genetics, especially the single nucleotide
polymorphism (SNP), is a strong contributor.[8] MicroRNAs
(miRNAs) are a group of short, non-coding RNAs of
approximately 25 nucleotides in length, which involve in various
physiological and pathophysiological processes (such as inflam-
mation, insulin secretion) by negatively controlling the expres-
sion of target genes via complementarily binding to their 3’-
untranslated region (3’-UTR).[9,10] Thus, SNPs in miRNAs that
change the expressions and functions of miRNAs may be
underlying biomarkers for the prediction of DM risk. This
hypothesis has been reported previously. miR-146a was found to
be downregulated in DM patients[11] and model rats[12]

compared with normal controls. The relative expression level
of miR-146a was significantly lower in diabetic patients with the
rs2910164 CC genotypes than that in GG carriers.[13] Therefore,
miR-146a CC genotype may increase the risk of developing type
2 DM (T2DM), which has been validated in the study of Li
et al[14] and Alipoor et al[15]. However, the controversial results
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were also observed recently. For example, Wang et al found that
there was no association between the individuals carrying the
variant genotype of the miR-146a and DM risk.[16] Assmann et al
identified CC and GC genotypes were associated with protection
against DM.[17] Furthermore, there was also no consensus on the
association between other miRNA polymorphisms (such as
rs895819 of hsa-miR-27a,[18,19] rs531564 in hsa-miR-
124a[16,19]) and susceptibility to DM. This discrepancy may be
partially attributed to small sample size and ethnicity of the
patients.
The goal of our present studywas to conduct ameta-analysis to

combine all the available studies and to investigate the true
contribution of all the studied miRNA-SNPs to the risk of DM,
which, to our knowledge, has not been reported.
2. Materials and methods

2.1. Publication search

This meta-analysis was conducted using the Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA). All
results were collected from published studies; thus, ethical
approval and patient consent were waived.
The PubMed and the Cochrane Library databases were

searched by two independent authors to obtain relevant studies
published before October, 2018. The used search terms included:
[“diabetes” OR diabetic OR T2DM AND (“microRNA” OR
“miRNA” OR “miR”) AND (“polymorphism” OR “polymor-
phisms” OR “SNP” OR “mutation” OR “variant”)]. Citations
of retrieved articles were also manually searched to identify
additional literatures.
2.2. Inclusion and exclusion criteria

Studies were suggested to be eligible if they:
1.
 investigated the associations between miRNA polymorphisms
and the risk of DM by at least two studies;
2.
 were in a case-control design;

3.
 provided genotype frequencies for cases and controls to

calculate the odds ratio (OR) and 95% confidence interval
(CI);
4.
 had genotype distribution of controls in accordance with
Hardy-Weinberg equilibrium (HWE); and
5.
 were published in the English language.

The papers were excluded if they were:
1.
 not related with miRNA-SNPs;

2.
 lack of healthy controls;

3.
 animal model research;

4.
 genotype frequencies unavailable;

5.
 duplicated publications; and

6.
 abstracts, case reports/series, comments, editorial articles,

summary, reviews or meta-analysis.

2.3. Data extraction

Two authors independently extracted the following data
from the included studies: first author, year of publication,
country, ethnicity, genotyping method, source of controls,
DM type, HWE for controls, age/sex/genotype distribution
for cases and controls. Discrepancies were resolved by
consensus.
2

2.4. Quality assessment

The quality of all case-control studies was assessed using a nine-
point scoring system of the Newcastle–Ottawa Scale (NOS) [20]

by 2 independent authors. A study with a score of ≥ 5 stars was
defined as high quality. If discrepancies existed, consensus would
be finally reached on discussion.
2.5. Statistical analysis

The crude OR with 95%CI was used to estimate the strength of
the association between miRNA polymorphisms and the risk of
DM. The significance of pooled ORs was determined using the Z
test and P value< .05 was considered to be significant. Meta-
analysis was performed using a fixed-effect model if no
heterogeneity was present among studies (P value> .10 for the
Q test and I2<50% for I2 statistic); otherwise, a random-effect
model was employed. If there was contradiction for P value and
I2 to define the heterogeneity, the Q test result was dependent.
The subgroup analysis was also performed to investigate the
source of heterogeneity according to ethnicity, DM type, sample
size, genotyping method and source of controls. Publication bias
was assessed using the Egger linear regression test. If obvious
publication bias was detected (P value< .05), trim and fill method
was used to adjust for the effect of publication bias.[21] Sensitivity
analysis was performed by eliminating studies one by one to
evaluate the stability of the results. All these statistical tests were
performed using STATA software (version 13.0; STATA
Corporation, College Station, TX).
3. Results

3.1. Study characteristics

A total of 797 studies were yielded after preliminary database
search. Based on the inclusion and exclusion criteria (Fig. 1), 6
studies containing 2773 cases and 2632 controls were finally
included in this meta-analysis.[14–19] As shown in Table 1, the
eligible studies were published between 2010 and 2018. Most of
the included studies (5/6, 83.3%) investigated the association
with T2DM. Four studies were conducted in Asians populations
(2 in China and 2 in Iran), and the other 2 were performed for
European (Italy) and Latin America (Brazil) populations,
respectively. Three papers were population-based case-control
studies, while the other three were a hospital-based case-control
study. Genotyping methods included polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) in two,
TaqMan in 2 and sequencing in two studies. Of the 6 studies, 5
evaluated the association between the association of miR-146a
polymorphism (rs2910164) with DM risk, four explored pre-
miR-27a (rs895819), 3 analyzed miR-124a (rs531564) and 2
focused on miR-375 (rs6715345), miR-128a (rs11888095) and
miR-194a (rs3820455) (Table 2). The genotype frequencies of
the controls in all studies conformed to HWE. All the studies
scored equal or more than 5 on the NOS, which indicated they
were of high quality (Table 1).

3.2. miR-146a polymorphism and the risk of DM

Overall analysis showed there was no significant association
betweenmiR-146a rs2910164 polymorphism and the risk of DM
under five genetic models (Table 3). Due to the presence of
significant heterogeneity in the overall analysis, subgroup



Figure 1. Flow diagram of study identification.

Table 1

Characteristics of included studies.

Age (years, mean±SD) Female, n (%)

Author Year Country Genotype method Control source Cases Controls Cases Controls Diabetes type NOS

Assmann TS 2017 Brazil TaqMan HB 34.3±12.1 40.3±9.7 246 (50.3) 262 (55.8) T1DM 5
Ghaedi H 2016 Iran PCR-RFLP PB 54.1±9.5 53.1±8.9 70 (34.3) 76 (36.4) T2DM 6
Alipoor B 2016 Iran PCR-RFLP PB 55.1±8.4 53.9±7.3 87 (47.5) 91 (47.4) T2DM 6
Li Y 2015 China TaqMan HB 50.6±11.9 49.9±11.3 271 (36.7) 255 (41.8) T2DM 7
Wang TT 2015 China Minisequencing HB 46.1±12.6 42.9±11.7 383/995 (38.5) 399/967 (41.3) T2DM 6
Ciccacci C 2013 Italy Direct sequencing PB Unclear Unclear 70 (42.8) Unclear T2DM 5

HB=hospital-based, NOS=Newcastle-Ottawa Scale, PB=population-based, PCR-RFLP=polymerase chain reaction- restriction fragment length polymorphism, SD= standard deviation, T1DM= type 1
diabetes mellitus, T2DM= type 2 diabetes mellitus.
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Table 2

Genotype distributions of miRNA polymorphisms.

Study Year HWE
Sample size

(cases/controls)
No of
cases

Allele frequencies
of cases, n (%)

No of
controls

Allele frequencies
of cases, n (%)

miR-146a rs2910164 CC GC GG C G CC GC GG C G

Assmann TS 2017 Yes 431/405 32 142 257 206 (23.9) 656 (76.1) 52 161 192 265 (32.7) 545 (67.3)
Alipoor B 2016 Yes 183/192 29 62 92 120 (32.8) 246 (67.2) 15 65 112 95 (24.7) 289 (75.3)
Li Y 2015 Yes 738/610 364 296 78 1024 (69.4) 452 (30.6) 236 270 104 742 (60.8) 478 (39.2)
Wang TT 2015 Yes 995/967 313 506 176 1132 (56.9) 858 (43.1) 322 477 168 1121 (58.0) 813 (42.0)
Ciccacci C 2013 Yes 153/181 14 49 90 77 (25.2) 229 (74.8) 13 67 101 93 (25.7) 269 (74.3)
pre-miR-27a rs895819 TT CT CC T C TT CT CC T C
Ghaedi H 2016 Yes 204/209 108 85 11 301 (66.9) 107 (33.1) 97 86 26 280 (73.7) 138 (26.3)
Li Y 2015 Yes 738/610 371 322 45 1064 (72.1) 412 (27.9) 330 240 40 900 (73.8) 320 (26.2)
Wang TT 2015 Yes 995/967 554 361 80 1469 (73.8) 521 (26.2) 526 363 78 1415 (73.2) 519 (26.8)
Ciccacci C 2013 Yes 148/147 101 45 2 247 (83.4) 49 (16.6) 83 53 11 219 (74.5) 75 (25.5)
miR-124a rs531564 GG GC CC G C GG GC CC G C
Li Y 2015 Yes 738/610 547 174 17 1268 (85.9) 208 (14.1) 419 165 26 1003 (82.2) 337 (17.8)
Wang TT 2015 Yes 995/967 681 291 23 1653 (83.1) 337 (16.9) 689 257 21 1635 (84.5) 299 (15.5)
Ciccacci C 2013 Yes 162/178 2 31 129 35 (10.8) 289 (89.2) 0 19 159 19 (5.3) 337 (94.7)
miR-375 rs6715345 GG GC CC G C GG GC CC G C
Assmann TS 2017 Yes 429/469 399 29 1 827 (96.4) 31 (3.6) 440 28 1 908 (96.8) 30 (3.2)
Ciccacci C 2013 Yes 100/75 0 8 92 8 (4.0) 192 (96.0) 0 6 69 6 (4.0) 144 (96.0)
miR-128a rs11888095 CC CT TT C T CC CT TT C T
Li Y 2015 Yes 738/610 507 205 26 1219 (82.6) 257 (17.4) 430 164 16 1024 (83.9) 196 (16.1)
Ciccacci C 2013 Yes 108/85 72 30 6 174 (80.6) 42 (19.4) 60 21 4 141 (82.9) 29 (17.1)
miR-194a rs3820455 CC CT TT C T CC CT TT C T
Li Y 2015 Yes 738/610 10 159 569 179 (12.1) 1297 (87.9) 9 105 496 123 (10.1) 1097 (89.9)
Ciccacci C 2013 Yes 144/92 0 12 132 12 (4.2) 276 (95.8) 0 8 84 8 (4.3) 176 (95.7)

HWE=Hardy–Weinberg equilibrium.

Table 3

Overall meta-analysis of the association between DM and miRNA polymorphisms.

Test of association Test of heterogeneity
Comparison OR (95%CI) P value Model P value I2 (%)

miR-146a rs2910164
G vs C 0.95 (0.71–1.29) .749 R .000 90.7
GG vs CC 0.85 (0.48–1.49) .563 R .000 87.7
GG vs GC 1.02 (0.77–1.35) .900 R .009 70.7
GG+GC vs CC 0.88 (0.59–1.32) .541 R .000 84.7
GC+CC vs GG 1.04 (0.72–1.51) .825 R .000 85.2

miR-27a rs895819
C vs T 0.86 (0.69–1.08) .194 R .009 73.9
CC vs TT 0.65 (0.37–1.15) .139 R .015 71.4
CC vs CT 0.71 (0.44–1.14) .153 R .062 59.0
CC+CT vs TT 0.91 (0.72–1.14) .408 R .045 62.8
CT+TT vs CC 1.49 (0.88–2.51) .136 R .024 68.2

miR-124a rs531564
C vs G 0.65 (0.34–1.25) .194 R .000 95.3
CC vs GG 0.72 (0.48–1.10) .131 F .123 52.3
CC vs CG 0.67 (0.47–0.96) .028 F .313 13.9
CC+CG vs GG 0.92 (0.62–1.36) .663 R .021 74.2
CG+GG vs CC 1.55 (1.09–2.19) .014 F .124 52.0

miR-375 rs6715345
G vs C 0.90 (0.57–1.41) .661 F .836 0.0
GG vs CC 0.91 (0.06–15.55) .945 F – –

GG vs GC 0.88 (0.51–1.50) .627 F – –

GG+GC vs CC 0.99 (0.35–2.75) .981 F .953 0.0
GC+CC vs GG 1.14 (0.67–1.93) .625 F – –

miR-128a rs11888095
C vs T 0.90 (0.75–1.09) .278 F .825 0.0
CC vs TT 0.74 (0.42–1.31) .300 F .895 0.0
CC vs CT 0.93 (0.74–1.17) .532 F .745 0.0
CC+CT vs TT 0.76 (0.43–1.34) .335 F .861 0.0
CT+TT vs CC 1.10 (0.89–1.37) .383 F .771 0.0

miR-194a rs3820455
T vs C 0.83 (0.65–1.05) .111 F .601 0.0
TT vs CC 1.03 (0.42–2.56) .945 F – –

TT vs TC 0.87 (0.60–1.01) .060 F .515 0.0
TT+TC vs CC 1.09 (0.44–2.70) .852 F – –

TC+CC vs TT 1.26 (0.98–1.63) .074 F .542 0.0

CI= confidence interval, F=fixed, OR= odds ratios, R= random.
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Table 4

Subgroup meta-analysis of the association between DM and miR-146a rs2910164.
G vs C GG vs CC GG vs GC GG+GC vs CC GC+CC vs GG

N OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Ethnicity
Asian 3 0.80 (0.57–1.10) .170 0.63 (0.33–1.19) .155 0.85 (0.68–1.08) .178 0.73 (0.46–1.16) .184 1.31 (0.90–1.91) .157
Latin American 1 1.55 (1.25–1.92) .000 2.18 (1.35–3.51) .001 1.52 (1.13–2.03) .005 1.84 (1.16–2.92) .010 0.61 (0.46–0.80) .000
European 1 1.03 (0.73–1.46) .876 0.83 (0.37–1.85) .645 1.22 (0.77–1.94) .405 0.77 (0.35–1.69) .512 0.88 (0.57–1.37) .578

DM type
T1DM 1 1.55 (1.25–1.92) .000 2.18 (1.35–3.51) .001 1.52 (1.13–2.03) .005 1.84 (1.16–2.92) .010 0.61 (0.46–0.80) .000
T2DM 4 0.84 (0.64–1.10) .206 0.67 (0.39–1.13) .130 0.91 (0.72–1.13) .382 0.74 (0.50–1.11) .142 1.20 (0.88–1.65) .249

Sample size
�500 2 1.03 (0.68–1.55) .369 0.57 (0.30–1.10) .092 1.02 (0.72–1.43) .923 0.56 (0.34–0.94) .029 1.11 (0.72–1.73) .631
>500 3 0.83 (0.55–1.25) .889 1.03 (0.49–2.17) .942 1.02 (0.67–1.54) .946 1.05 (0.64–1.72) .842 1.01 (0.58–1.74) .979

Genotyping method
PCR-RFLP 1 0.67 (0.49–0.93) .015 0.43 (0.22–0.84) .014 0.86 (0.55–1.34) .509 0.45 (0.23–0.87) .018 1.39 (0.92–2.08) .118
Other 4 1.03 (0.74–1.44) .870 0.98 (0.53–1.84) .958 1.05 (0.75–1.47) .758 1.00 (0.65–1.54) .994 0.98 (0.64–1.50) .917

Control
PB 2 1.03 (0.68–1.55) .369 0.57 (0.30–1.10) .092 1.02 (0.72–1.43) .923 0.56 (0.34–0.94) .029 1.11 (0.72–1.73) .631
Other 3 0.83 (0.55–1.25) .889 1.03 (0.49–2.17) .942 1.02 (0.67–1.54) .946 1.05 (0.64–1.72) .842 1.01 (0.58–1.74) .979

CI= confidence interval, HB=hospital-based, OR= odds ratios, PB=population-based, PCR-RFLP=polymerase chain reaction- restriction fragment length polymorphism, T1DM= type 1 diabetes mellitus,
T2DM= type 2 diabetes mellitus. Bold indicate the significance by analysis for at least two studies.

Chen et al. Medicine (2019) 98:44 www.md-journal.com
analyses were performed. The results showed the G allele or GG
carriers seemed to have a significantly higher risk for DM only in
Latin American population with T1DM (G vs C, OR=1.55,
95%CI=1.25–1.92, P< .001; GG vs CC, OR=2.18, 95%CI=
1.35–3.51, P= .001; GG vs GC, OR=1.52, 95%CI=1.13–
Figure 2. Forest plots of the associationofmiR-146a rs2910164and susceptibility to

5

2.03, P= .005; GG+GC vs CC, OR=1.84, 95%CI=1.16–2.92,
P= .01; GC+CC vs GG, OR=0.61, 95%CI=0.46–0.80,
P< .001) (Table 4; Fig. 2), but this conclusion was only
obtained in one study and thus the validity needed further
confirmation.
diabetesmellitus underG vsCmodel. CI= confidence intervals,OR=odds ratio.
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Table 5

Subgroup meta-analysis of the association between DM and miR-27a rs895819.

Study C vs T CC vs TT CC vs CT CC+CT vs TT CT+TT vs CC

N OR (95%CI) P value OR (95%CI) P value OR (95%CI) Pmvalue OR (95%CI) P value OR (95%CI) P value

Ethnicity
Asian 3 0.95 (0.79–1.14) .560 0.80 (0.51–1.27) .015 0.80 (0.53–1.22) .299 0.99 (0.81–1.20) .886 1.25 (0.81–1.93) .306
European 1 0.58 (0.39–0.87) .008 0.15 (0.03–0.69) .340 0.21 (0.05–1.02) .053 0.60 (0.38–0.97) .037 5.90 (1.29–27.12) .022

DM type
T1DM 0 – – – – – – – – – –

T2DM 4 0.86 (0.69–1.08) .194 0.65 (0.37–1.15) .139 0.71 (0.44–1.14) .153 0.91 (0.72–1.14) .408 1.49 (0.88–2.51) .136
Sample size
�100 2 0.67 (0.52–0.85) .001 0.31 (0.14–0.67) .003 0.37 (0.19–0.74) .005 0.70 (0.52–0.94) .019 2.94 (1.51–5.73) .002
>100 2 1.02 (0.91–1.14) .786 0.98 (0.75–1.29) .902 0.96 (0.73–1.26) .754 1.04 (0.85–1.27) .684 1.03 (0.79–1.34) .824

Genotyping method
PCR-RFLP 1 0.72 (0.53–0.97) .033 0.38 (0.18–0.81) .012 0.43 (0.20–0.92) .030 0.77 (0.52–1.13) .185 2.49 (1.20–5.19) .015
Other 3 0.91 (0.72–1.16) .452 0.81 (0.47–1.40) .449 0.84 (0.53–1.32) .451 0.94 (0.72–1.23) .651 1.22 (0.74–2.01) .440

Control
PB 1 0.58 (0.39–0.87) .008 0.15 (0.03–0.69) .015 0.21 (0.05–1.02) .053 0.60 (0.38–0.97) .037 5.90 (1.29–27.12) .022
Other 3 0.92 (0.79–1.14) .560 0.80 (0.51–1.27) .340 0.80 (0.53–1.22) .299 0.99 (0.81–1.20) .886 1.25 (0.81–1.93) .306

CI= confidence interval, HB=hospital-based, OR= odds ratios, PB=population-based, PCR-RFLP=polymerase chain reaction- restriction fragment length polymorphism, T1DM= type 1 diabetes mellitus,
T2DM= type 2 diabetes mellitus. Bold indicate the significance by analysis for at least 2 studies.

Chen et al. Medicine (2019) 98:44 Medicine
3.3. miR-27a polymorphism and the risk of DM
No significant correlation was also found in the overall analyses
of the association between miR-27a rs895819 polymorphism
and the risk of DMunder five genetic models (Table 3). However,
Figure 3. Forest plots of the association of miR-27a rs895819 and susceptibility to
ratio.

6

the stratified analysis results revealed CC genotype was
significantly associated with a decreased risk of DM in the
Asian population (OR=0.80, 95%CI=0.51–1.27, P= .015)
compared with the TT genotype (Table 5; Fig. 3).
diabetes mellitus under CC vs TT model. CI = confidence intervals, OR = odds



Figure 4. Forest plots of the association of miR-124a rs531564 and susceptibility to diabetes mellitus under CC vs CG (A) and CG+GG vs CC (B) models. CI =
confidence intervals, OR = odds ratio.

Chen et al. Medicine (2019) 98:44 www.md-journal.com
3.4. miR-124a polymorphism and the risk of DM

The overall analysis showed that patients carrying with CC
genotype of miR-124 rs531564 had a lower probability to
develop DM (CC vs CG, OR=0.67, 95% CI=0.47–0.96,
P= .028; CG+GG vs CC, OR=1.55, 95% CI=1.09–2.19;
P= .014) (Table 3; Fig. 4). No obvious heterogeneity between the
studies was found in overall analysis and the number of studies
was smaller. Thus, the subgroup analysis was not performed.

3.5. miR-375, miR-128a, miR-194a polymorphisms and the
risk of DM

No significant associations were observed between miR-375
rs6715345/miR-128a rs11888095 polymorphisms and DM
susceptibility (Table 3).
7

There was a marginal correlation between miR-194a rs3820455
polymorphism and the susceptibility to DM, with TT genotype as a
protective factor compared with TC (TT vs TC, OR=0.87, 95%
CI=0.60–1.01, P= .060) and TC+CC (TC+CC vs TT,OR=1.26,
95% CI=0.98–1.63, P= .074) (Table 3). Subgroup analysis was
also not performed because only 2 studies were included for them.
3.6. Publication bias and sensitivity analysis

Egger linear regression test showed the intercept did not pass
through the origin (that is, asymmetry) in association analysis of
miR-146a rs2910164 (G vC, P= .017; GG vsGC, P= .015; GG+
GC vs CC, P= .006) andmiR–27a rs895819 (CC vs CT, P= .034;
CT+TT vs CC, P= .006), indicating the presence of publication
bias (Fig. 5A). Subsequently, trim and fill method was used to

http://www.md-journal.com


Figure 5. Potential publication bias. A. Egger funnel plot for the assessment of rs2910164 (G v C); B. Trim and fill for adjusting publication bias. CI=confidence
intervals, SND=standard normal deviation.

Chen et al. Medicine (2019) 98:44 Medicine
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Figure 6. Sensitivity analysis for the assessment of influence of each study for miR-124a polymorphism (rs531564) and diabetes mellitus under CC vs CG model.
CI = confidence intervals.
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further adjust for the publication bias. The results showed the
association remained not changed after adjusting for publication
bias, implying our results were statistically robust (Fig. 5B). No
evidence of publication bias was detected for others polymor-
phisms (data not shown).
Sensitivity analysis also showed no obvious change in the

pooled results after omitting each individual study, suggesting the
results were unstable (Fig. 6).

4. Discussion

In the present study, an association between 6 SNPs in miRNAs
and DM risk was, for the first time, assessed by the pooled results
from 6 case–control studies. The results demonstrated that G
allele or GG genotype of miR-146a rs2910164 was associated
with a significantly increased risk for DM compared with C allele
or GC/CC genotype in Latin American population; CC genotype
of miR-27a rs895819 polymorphism was associated with a
significantly decreased risk for DM in Asian population
compared with the TT genotype; patients carrying with CC
genotype of miR-124 rs531564 had a lower probability to
develop DM regardless of ethnicity; no associations were
identified between polymorphisms in miR-375, miR-128a,
miR-194a and the susceptibility to DM.
Previous studies have demonstrated that inflammation and

oxidative stress are important mechanisms for the development
of DM.[12,22] Xie et al observed the expression of miR-146a was
significantly downregulated in DMmodel rats and its expression
was negatively correlated with the expression of inflammatory
9

mediators (COX-2, TNF-a, IL-1b) and oxidative stress indica-
tors (MDA and p22phox).[12] Subsequent in vitro and in vivo
transgenic studies proved overexpression of miR-146a inhibited
diabetes-induced generation of reactive oxygen species and
upregulation of NF-kB downstream pro-inflammatory
genes,[23,24] followed by improving neurological,[25] renal or
retinal functional defects.[24,26] Luciferase reporter assay indicat-
ed miR-146a may regulate the endothelial inflammation via
targeted inhibition of interleukin-1 receptor-associated kinase-1
and tumor necrosis factor -associated factor 6.[9,27] These
findings imply SNPs that cause the lower expression of the
miR-146a and higher expression of its target genes may
contribute to increased DM risk. There had a study to reveal
colorectal cancer cells with miR-146a GG genotype possessed
significantly lower expression of miR-146a compared with those
with the GC/CC genotype.[28] The study of Wang et al showed
that chronic pancreatitis individuals carrying the G allele
conferred a lower expression level of mature miR-146a.[29]

Pan et al observed the G allele of rs2910164 was significantly
associated with increased abundance of TRAF6.[30] Hereby,
patients with GG genotype of miR-146a rs2910164 may have a
higher risk for the development of DM, which was confirmed in
Latin American population of our study.
High glucose was also reported to stimulate miR-27a

expression which, in turn, suppressed peroxisome proliferator-
activated receptor g and then activated b-catenin signaling as
evidenced by upregulation of b-catenin target genes, snail1 and
a-smooth muscle actin (a-SMA) and downregulation of
podocyte-specific markers podocin and synaptopodin. These
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changes caused disrupted podocyte architectural integrity and
increased podocyte apoptosis, ultimately deteriorating diabetic
nephropathy.[31,32] Furthermore, miR-27a was also revealed to
be up-regulated in embryos and cultured neural stem cells
exposed to diabetes, which subsequently down-regulated nuclear
factor erythroid 2-related factor 2 and nuclear factor erythroid 2-
related factor 2-controlled antioxidant enzymes and led to
diabetic embryopathy.[33] Therefore, SNPs that cause the higher
expression of the miR-27a may be potential risk factor for DM.
Song et al observed the expression level of total pri- and pre-
miR27a was significantly higher in rs895819 CT and TT groups
compared with CC group,[34] indicating CC genotype may be a
protective factor for DM, which was confirmed in Asian
population of our study.
miRNA microarray and real-time PCR analysis demonstrated

level of miR-124 was significantly increased during the progress
of diabetic retinopathy.[35] Administration of antisense RNA
oligonucleotide for miR-124 for 2 weeks significantly reduced
urinary podocytic nephrin, podocin and albumin excretion and
up-regulated integrin a3 expression, thus achieving the treatment
goal for idiabetic retinopathy.[36] Curcumin was also reported to
prevent against podocytic adhesive capacity damage under
mechanical stress by inhibiting miR-124.[37] It was also reported
the serum miR-124 was significantly upregulated in the distal
tibia metaphyseal fracture patients with GG genotype of
rs531564 than those with GC and CC genotypes.[38] According-
ly, rs531564 CC variant in miR-124 might prevent the genetic
predisposition of DM by inhibiting the production of miR-124.
In line with these findings, we also proved patients carrying with
CC genotype of miR-124 rs531564 had a lower probability to
develop DM regardless of ethnicity.
Although no controversial conclusions were reported in the

studies on miR-375, miR-128a, miR-194a, our study seemed to
further indicate the necessity of meta-analysis because the
association of miR-194a rs3820455 seemed to be of marginal
significance (P< .1) when two studies were combined, not P> .1
as described in individual studies.[14,19]

Some limitations in this meta-analysis should be acknowl-
edged. First, the sample size was relatively small, whichmay be an
underlying cause to result in negative associations between SNPs
in miRNAs (miR-375, miR-128a, miR-194a) and DM risk.
Second, our pooled outcomes were based on the initial data and
were not adjusted by environmental factors due to lack of related
information. Third, only published studies in English or Chinese
were enrolled in this analysis, and a potential language bias may
exist.
5. Conclusion

Our study suggests that miR-146a/miR-27a and miR-124
polymorphisms may be ethnicity-dependent or -independent
susceptibility factors to DM, respectively.
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