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Abstract
Background MicroRNAs (miRNA) are noncoding RNAs that play a central role in governing various physiological and 
pathological processes. There are few studies on miRNA involvement in gestational diabetes mellitus (GDM). In this study, 
we performed a meta-analysis of the miRNA expression profiling from GDM patients.
Methods Guided by the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols, we performed a 
systematic search of the PubMed, Cochrane Library, and EMBASE databases from inception to December 20, 2021, to 
retrieve the original research studies. All the relevant data were retrieved, analyzed, and summarized.
Results Six studies (252 GDM cases and 309 controls) were included and analyzed. The six studies reported the expressions 
of 21 miRNAs in GDM cases. Of the 21 miRNAs, 12 miRNAs were found to be upregulated, and two were downregulated. 
The top three most consistently reported upregulated miRNAs were miR-16-5p (mean differences of fold change are 1.25, 
95% CI = 0.04–2.46, P = 0.040), miR-19a-3p (mean differences of fold change are 2.90, 95% CI = 1.45–4.35, P = 0.001), 
and miR-19b-3p (mean differences of fold change are 3.10, 95% CI = 0.94–5.25, P = 0.005). miR-155-5p and miR-21-3p 
were found to be downregulated.
Conclusions The results indicate that several miRNAs may be used as markers for diabetes gestational diabetes mellitus. In 
the future, more studies are needed to validate the findings of our study.

Keywords Expression · miRNA · Gestational diabetes mellitus · Meta-analysis

Introduction

In the past decades, without effective prevention strate-
gies, the incidence of gestational diabetes mellitus (GDM) 
is rapidly increasing, resulting in clinical and public health 
concerns [1, 2]. GDM is characterized by the potential for 
severe GDM-related pregnancy complications and might 
to negative economic impact [3]. The etiology of GDM is 
complex and is decided by genetic and environmental factors 
implicated in mechanistic and epidemiological studies [4].

MicroRNAs (miRNAs), a new class of noncoding RNAs 
of between 20 and 25 nucleotides in length, play important 
roles in posttranscriptional gene regulation and multiple 
cellular processes [5]. Gene expression profiling studies 
have demonstrated alterations in miRNA expression in a 
wide range of human diseases. Previous studies have linked 
miRNA dysregulation as a causal factor in disease progres-
sion, including many cancer types, cardiovascular diseases, 
and metabolic diseases [6–8]. Several studies have suggested 
that there is a selective expression of miRNAs that may be 
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associated with diabetic conditions [9, 10]. In recent years, 
miRNAs have emerged as promising diagnostic and ther-
apeutic tools due to their association with GDM [8, 11]. 
For example, miR‐137 displays high expressions, whereas 
its target gene (fibronectin type III domain containing 5) 
is downregulated among women with GDM [12]. A previ-
ous study also reported that a low level of miR‐21‐3p in 
the blood leucocytes of women might increase the risk of 
GDM [13]. However, dozens of miRNAs are identified to be 
differentially expressed; the miRNAs can be either over- or 
under-expressed. Given the large number of candidate sig-
natures, a study to summarize the expression of miRNAs in 
GDM is needed. In this study, we aimed to investigate the 
expression of miRNAs in GDM systemically.

Materials and methods

Information sources and literature search strategies

A systematic search for the expression profiles of miRNAs 
was performed by using PubMed, Cochrane Library, and 
EMBASE database up to December 20, 2021. The individ-
ual and combined keywords of “MicroRNAs,” “miRNAs,” 
“gestational diabetes mellitus,” and “GDM” were used. 
Detailed search strategies in the three databases are pre-
sented in the Supplementary Materials. References of the 
included articles were also screened to check all the avail-
able articles. For the search of the gray literature, Google 
Scholar was used to identify any articles not included in the 
databases above.

This review was conducted according to the guidelines of 
the Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) statement [14].

Eligible criteria

Articles were included if they met the following criteria:

(1) Studies evaluated the expression of blood (i.e., serum 
or plasma) miRNAs between healthy individuals and 
GDM in human and animal studies;

(2) Investigations used microarray and/or real-time poly-
merase chain reaction (RT-PCR) to evaluate the expres-
sion of miRNAs and carried out fold changes in gene 
expression of at least one miRNA;

(3) necessary data extracted from original studies;
(4) articles are written only in English;
(5) only the study providing more detailed information was 

included if the population was reported in duplicate.

Articles under the following criteria were excluded:

(1) if no fold changes were reported;
(2) if no disease/experimental group was considered;
(3) studies reporting on the miRNA expression from 

in vitro cell lines or animals;
(4) reviews, case reports, abstracts or posters for confer-

ences, personal opinions, and book chapters;
(5) studies published in languages other than English.

Data extraction and analyses

Two authors (JHL and BG) independently reviewed all full-
text articles, and they initially resolved any disagreements 
through discussions. If the two authors did not agree, a third 
author (LHC) made the final decision. The needed infor-
mation was extracted using a customized and standardized 
form.

For each included study, the following information was 
extracted: the author and year of publication, country, sam-
ple size, definition of GDM and control, ages of GDM and 
control, BMI of GDM and control, and the fold changes.

The primary outcome considered was the fold changes of 
miRNA expression in GDM.

Risk of bias and quality assessment of selected 
studies

The assessment of the study quality is evaluated by the New-
castle–Ottawa Scale (NOS) [15], a risk of bias assessment 
tool for observational studies that the Cochrane Collabo-
ration recommends. Two authors (CGP and FA) indepen-
dently evaluated the included studies, and disagreements 
were resolved by discussion to produce final scores. The 
NOS assigns up to a maximum of nine points for the least 
risk of bias in three domains: (1) selection of study groups 
(four points); (2) comparability of groups (two points); and 
(3) ascertainment of exposure and outcomes (three points) 
for case–control and cohort studies, respectively.

Statistical analysis

The fold changes with corresponding 95% confidence inter-
vals (CIs) in GDM and control groups were used to quantify 
the miRNA expression in GDM. The fold changes in each 
included study were combined using a random effect model, 
and the statistically significant difference was determined 
using P values from the pooled fold changes. Study hetero-
geneity was calculated with  I2 and Cochran’s Q statistics. 
The Begg rank correlation [16] and Egger weighted regres-
sion methods [17] were used to assess the publication bias 
(P < 0.05 was considered indicative of a statistically signifi-
cant publication bias). Review Manager (version 5.3, The 
Cochrane Collaboration, Oxford, UK) was used to generate 
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forest plots and statistical analyses. The Begg and Egger 
tests were assessed by STATA 15.0 (Stata Corporation, Col-
lege Station, TX, USA). A two-sided P value of < 0.05 was 
considered significant for all analyses.

Results

Search results and characteristics of studies 
included in the meta‑analysis

Initial screening of electronic databases yielded a total of 
596 articles; 159 were excluded due to the elimination of 
duplicated studies, and then 411 titles or abstracts were 

further evaluated. The screening of titles and abstracts 
resulted in 116 potentially relevant articles being selected. 
After retrieving the 116 full-length manuscripts, ulti-
mately, six studies fulfilled the inclusion and were assessed 
in this systematic review and meta-analysis [13, 18–22]. 
The flowchart of the studies enrolled in the current study 
can be found in Fig. 1.

Characteristics of included studies

The characteristics of the included studies are shown in 
Table 1. The six included studies were published between 
2018 and 2020. A total of 252 GDM cases and 309 controls 
were included. The studies were conducted one in South 

Fig. 1  Flowchart of the study selection
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Africa, two in Turkey, one in Canada, and two in China,. The 
controls were healthy pregnant women; most of them were 
matched by gestational weeks with corresponding GDM 
cases. Gestational age (GA) was determined from the last 
menstrual period and verified during the routine first-trimes-
ter ultrasound measurement of the fetal crown–rump length.

GDM cases and controls have similar ages, which were 
all about 30  years old. GDM cases had slightly higher 
body mass index than controls. All miRNA expression was 
detected in blood samples (either serum or plasma) using 
quantitative real-time PCR.

Three of the studies defined GDM following the Inter-
national Association of Diabetes and Pregnancy. GDM was 
made when 1 of the following plasma glucose values in the 
oral glucose tolerance test was met or exceeded: fasting 
plasma glucose 92 mg/dL (5.1 mmol/L), 1-h plasma glucose 
180 mg/dL (10.0 mmol/L), or 2-h plasma glucose 153 mg/
dL (8.5 mmol/L) [23]. One study defended GDM accord-
ing to the guidelines of the Society of Obstetricians and 
Gynaecologists of Canada: fasting venous plasma glucose 
level > 5.3 mmol/L, 1-h plasma glucose level > 10.6 mmol/L, 
or 2-h plasma glucose level > 9.0 mmol/L.

Quality assessment of studies

Newcastle–Ottawa Scales for the eligible studies are pre-
sented in Supplementary Table 1. All included studies are 
found to exhibit an acceptable quality. Three studies, two, 
and one were evaluated as eight points, seven points, and six 
points, respectively.

Fold changes of miRNA expression in GDM

The six studies reported the fold changes of 21 miRNAs in 
GDM cases, including miR-16-5p, miR-17-5p, miR-19a-3p, 
miR-19b-3p, miR-20a-5p, miR-29a-3p, miR-132-3p, miR-
222-3p, miR-21-3p, miR-155-5p, miR-29b-3p, miR-122-5p, 
miR-1323, miR-182-3p, miR-210-3p, miR-520h, miR-
136-5p, miR-342-3p, miR-494-3p, and miR-517-5p with the 
means of the fold changes ranged from 0.67 (miR-21-3p) to 
25.92 (miR-29a-3p) in GDM and from 0.96 (miR-517-5p) to 
20.13 (miR-29a-3p) in controls. The detailed results on fold 
changes of 20 miRNAs are presented in Table 2.

Table 3 shows the miRNAs with significant expression 
differences in gestational diabetes mellitus. Of the 20 miR-
NAs, miR-16-5p, miR-19a-3p, miR-19b-3p, miR-155-5p, 
miR-29a-3p, miR-29b-3p, and miR-132-3p were reported 
more than once and were pooled. The forest plots are shown 
in Fig. 2.

Twelve miRNAs were found to be upregulated with 
mean differences ranged from 1.25 (miR-16-5p, 95% 

CI = 0.04–2.46, P = 0.040) to 3.10 (miR-19b-3p, 95% 
CI = 0.94–5.25, P = 0.005). Two were downregulated, miR-
155-5p with mean differences as -0.36 (95% CI = − 0.71 to 
− 0.02, P = 0.040) and miR-21-3p (P = 0.001).

The seven miRNAs without expression differences in ges-
tational diabetes mellitus are presented in Table 4.

Publication bias

The analysis did not find potential publication bias among 
the included trials according to Begg rank correlation analy-
sis and Egger weighted regression analysis (P > 0.05). The 
detailed potential publication bias can be found in Tables 3, 
4.

Table 2  MicroRNAs fold changes in gestational diabetes mellitus and 
controls

GDM gestational diabetes mellitus, NA not available
a Mean difference

Study MicroRNA GDM Control

[21] miR-16-5p 4.2 (3.1) 3.3 (3.2)
miR-17-5p 10.7 (3.4) 9.4 (3.5)
miR-19a-3p 9.4 (3.3) 8.0 (3.2)
miR-19b-3p 7.7 (3.6) 6.8 (3.1)
miR-20a-5p 9.1 (3.1) 7.7 (3.5)
miR-29a-3p 6.6 (4.1) 5.6 (3.4)
miR-132-3p 11.5 (3.0) 10.2 (3.0)
miR-222-3p 9.3 (2.6) 7.9 (2.9)
miR-21-3p 0.67 (0.54) 1.31 (1.13)
miR-155-5p 0.98 (0.79) 1.29 (0.97)

[13] miR-16-5p 3.14 (5.43) 1.29 (0.97)
[19] miR-29a-3p 1.43 (0.22) 0.97 (0.09)

miR-29b-3p 1.40 (0.22) 1.42 (0.17)
miR-122-5p 0.98 (0.09) 0.95 (0.10)
miR-132-3p 1.30 (0.12) 0.94 (0.08)
miR-1323 1.54 (0.26) 0.97 (0.13)
miR-182-3p 1.51 (0.20) 0.99 (0.11)
miR-210-3p 1.67 (0.39) 0.97 (0.08)
miR-520 h 1.2 (0.2) 0.80 (0.07)
miR-136-5p 1.48 (0.24) 0.99 (0.10)
miR-342-3p 1.50 (0.18) 0.95 (0.11)
miR-494-3p 1.40 (0.23) 1.00 (0.12)
miR-517-5p 1.30 (0.22) 0.96 (0.10)

[20] miR-16-5p 5.60 (9.97) 2.35 (2.05)
miR-155-5p 1.09 (0.91) 1.63 (1.46)

[18] miR-29a-3p 25.92 (5.01) 20.13 (3.4)
miR-29b-3p 22.49(3.46) 17.28 (3.24)

[22] miR-19a-3p 4.0 (0.92) a NA
miR-19b-3p 4.77 (1.55) a NA
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Discussion

To the best of our knowledge, the current meta-analysis is 
the first systematic review and meta-analysis study summa-
rizing the expression of miRNAs in GDM. Six studies (252 
GDM cases and 309 controls) were included and analyzed. 
The six studies reported the fold changes of 21 miRNAs in 
GDM cases. Of the 21 miRNAs, 12 miRNAs were found to 
be upregulated, and two were downregulated. The top three 
most consistently reported upregulated miRNAs were miR-
16-5p, miR-19a-3p, and miR-19b-3p.

Several miRNAs have attracted interest in recent years 
as biomarkers of metabolic disease and cancers [24, 25]. 
In our study, miR-16-5p, miR-19a-3p, and miR-19b-3p 
were upregulated in GDM. A study by Hocaoglu et al. [20] 
reported that increased miR-16-5p expression is associated 
with PCOS in pregnancy. miR-16-5p was also reported to 
be one of the most abundant miRNAs in several types of 
cancer [26–28]. A recent study also found miR-16-5p impli-
cated in type 1 diabetes mellitus [29]. Consequently, the 
miR-16-5p has the potential to identify suitable miRNAs for 
GDM and even type 1 diabetes mellitus and cancer diagno-
sis. Similarly, the overexpression of miR-19a-3p promoted 
cell proliferation and insulin secretion [30]. A direct target 
gene of miR-19a-3p, the suppressor of cytokine signaling 
3 (SOCS3), was inversely correlated with the miR-19a-3p 
level. The SOCS3 contributes to the dysfunction of pan-
creatic β cells, suggesting that miR-19a-3p plays an impor-
tant role in β cell function. The miR-19a-3p/SOCS3 axis 
may there be a potential therapeutic target for diabetes [30, 

31]. Moreover, several of the remaining miRNAs were also 
reported to have the potential to be GDM or diabetes diag-
nostic and prognostic markers, i.e., miR-21-3p, miR-210-3p, 
miR-122-5p, etc. [19, 32–36]

This study highlights the meaningful identification of 
miRNA-based diagnostic and prognostic markers for the 
most prevalent GDM. Our study also indicates a new insight 
into the putative functions of miRNAs and may provide evi-
dence to delineate the mechanisms through which they are 
released into the bloodstream. We suggested several prom-
ising miRNAs that have an average of more than twofold 
change. Their potential targets may provide a clue to the role 
of miRNAs in understanding the underlying mechanisms 
of GDM.

There are several factors needed to pay close attention to 
when identifying miRNAs as GDM candidate clinical bio-
markers. Firstly, the biological mechanism should be well 
understood. A single miRNA may have many targets, and 
also, a specific mRNA may be regulated by multiple dif-
ferent miRNAs. Second, there should be sufficient infor-
mation about their pattern of expression in different kinds 
of specimens in target populations. Third, rigorous valida-
tion and demonstration of reproducibility in an independent 
population are necessary to confirm the predictive value of 
miRNAs.

The strength of our study is the first systematic assess-
ment of miRNAs expression in GDM. However, although 
with a large of included studies, it is necessary to consider 
the limitations of the present meta-analysis while interpret-
ing the results. First, the included studies assessed various 

Table 3  MicroRNAs with 
significant expression 
differences in gestational 
diabetes mellitus

NA not available
a Mean differences for data on MicroRNA more than one study

MicroRNA Number of 
included studies

Mean  differencesa P value Heteroge-
neity (I2)

Publication bias

Bagger Egger

Upregulated
miR-16-5p 3 1.25 (0.04–2.46) 0.040 0% 0.41 0.34
miR-19a-3p 2 2.90 (1.45–4.35) 0.001 51% 0.61 0.17
miR-19b-3p 2 3.10 (0.94–5.25) 0.005 57% 0.19 0.17
miR-20a-5p 1 9.1 (3.1)/7.7 (3.5) 0.038 NA NA NA
miR-222-3p 1 9.3 (2.6)/7.9 (2.9) 0.027 NA NA NA
miR-122-5p 1 0.98 (0.09)/0.95 (0.10) 0.010 NA NA NA
miR-1323 1 1.54 (0.26)/0.97 (0.13) 0.030 NA NA NA
miR-182-3p 1 1.51 (0.20)/0.99 (0.11) 0.010 NA NA NA
miR-210-3p 1 1.67 (0.39)/0.97 (0.08) 0.020 NA NA NA
miR-520 h 1 1.2 (0.2)/0.80 (0.07) 0.030 NA NA NA
miR-136-5p 1 1.48 (0.24)/0.99 (0.10) 0.030 NA NA NA
miR-342-3p 1 1.50 (0.18)/0.95 (0.11) 0.008 NA NA NA
Downregulated
miR-155-5p 2 − 0.36 (− 0.71 to − 0.02) 0.040 0% 0.14 0.28
miR-21-3p 1 0.67 (0.54)/1.31 (1.13) 0.001 NA NA NA
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miRNAs to observe the expression of miRNAs in GDM. 
The majority of them cannot be pooled using a meta-method 
because they were reported once. Our study, therefore, 

highlighted the need for future studies on the topic. At the 
same time, our study also highlighted the importance of 
study design regarding the comparability among studies 

Fig. 2  Forest plots for summarized fold changes in gestational diabetes mellitus and controls
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conducted by various researchers. Second, the number of 
pooled results was limited. The current results might be 
affected by environmental factors, which can only partially 
annotate the expressions of miRNAs, and the representative-
ness might be weakened. Third, due to the insufficient infor-
mation in each study, we could not pool subgroup analysis. 
Fourth, potential language bias might exist because our lit-
erature search included only articles published in English. 
Fifthly, publication bias cannot be assessed for all analyses 
as a limited number of outcomes were reported once.

In conclusion, our meta-analysis provided pooled results 
based on six studies and summarized a data set of 252 GDM 
cases and 309 controls. The current study highlighted sev-
eral miRNAs which have the potential to be diagnostic and 
prognostic markers. In the future, efforts must be made to 
focus on the topic.

Supplementary Information The online version contains supplemen-
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