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ABSTRACT Pre-eclampsia (PE) is defined as a severe gestational condition that
appears after the twentieth weeks of pregnancy, affecting 5-8% worldwide. Circulating
microRNAs are short, noncoding RNA molecules. The role of miRNAs was studied in many
publications related to PE; however, the results have been inconsistent due to variety
of diagnostic and prognostic values. Therefore, we conducted a meta-analysis study to
quantify the general diagnostic effects of circulating miRNAs in the diagnosis of PE. We
searched chosen databases and systematically collected publications for analysis from
January 2017 till June 2021. Following the screening of the literature and the extrac-
tion of data. After that, we conducted a quality evaluation using the QUADAS-2 score
system. A bivariate-random effect meta-analysis model was then used to construct the
pooled diagnostic parameters. To identify the causes of heterogeneity, we conduct the
threshold effect analysis as well as the subgroup analysis. Fagan*s Nomogram was used
to validate the clinical utility. Moreover, sensitivity and specificity analysis were used to
evaluate each study's reliability, and to investigate the publication-bias we conducted
the funnel plot asymmetry test. Our meta-analysis involved 8 articles, containing in to-
tal 704 pregnant women, 354 pre-eclampsia patients and 350 uncomplicated, normal
pregnancy. According to the results, the total pooled results of sensitivity, specificity,
and DOR were as follows: 0.88 (95% Cl: 0.86-0.90), 0.87 (95% Cl: 0.85-0.89) and 57.54
(95% Cl: 35.24-93.94), respectively. Moreover, subgroup analysis indicated that non
plasma samples and non-Asian ethnicity had higher diagnostic value, however we didn't
conduct a subgroup-analysis for the internal references subgroup due to inadequate
data. We concluded that the circulating miRNAs could be used as a screening tool for
pre-eclampsia diagnosis. Our meta-analysis shows that circulating microRNAs serve as
PE biomarkers because of their high sensitivity and specificity. In addition, further studies
using a bigger sample size is needed for better assessment of miRNAs in the diagnosis
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of pre-eclampsia.

Introduction

Pre-eclampsia (PE) is described as a serious gestational
syndrome that appears after 20" weeks of pregnancy or
immediately after delivery (Abdi et al. 2018; Gathiram
and Moodley 2016). It is still one of the leading causes of
both maternal and perinatal morbidity and mortality, with
a rate of 5-8% of pregnancies, and is directly associated
with 15% of maternal deaths world-wide, but its prevalence
varies greatly from country to country (Duley 2009; Jim
and Karumanchi 2017; Nankali et al. 2013). PE is char-
acterised by thrombocytopenia, maternal hypertension,
proteinuria, and by other pregnancy systemic conditions
appearing in the 2nd or 3rd trimester of pregnancy, at
delivery or immediately after birth (Dekker 2002; Spence
et al. 2021). Different options exist for the classification
of PE, based on the major clinical symptoms. The most
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common classification is that developed by the American
Association of Obstetricians and Gynaecologists (ACOG
Committee on Practice Bulletins--Obstetrics 2002) which
defines mild PE as elevated maternal systolic blood pres-
sure (SBP) > 140 mmHg and/or diastolic blood pressure
(DBP) > 90 mmHg (on two times by 6 h interval), accom-
panied by significant proteinuria (> 300 mg/24 h) after
twenty weeks' gestation. Severe PE, on the other hand, is
defined by elevations of SBP > 160 mmHg and/or DBP >
110 mmHg on at least 2 times by 6 h apart, long side mild
hypertension, accompanied by severe proteinuria (>2 g/24
h or >2+ using a dipstick) (Jairajpuri and Almawi 2016; Lv
etal. 2019; Murphy et al. 2015; Wheeler and Jones 1981).
It is widely accepted that PE occurs asymptomatically,
characterised by defects in trophoblast invasion and spiral
artery remodelling in the first trimester, leading to ab-
normal placentation, which results in placental ischaemia
and maternal PE syndrome in later gestation-phase (Li et
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al. 2013). Despite considerable advances in PE studies, it
remains a challenge to make an early assessment to predict
the risk of PE. Presently many studies are dedicated to
find and determine various molecular genetic markers
of PE (Murphy et al. 2017; Vashukova et al. 2020). One
direction that is fast evolving is the study of microRNAs.

MicroRNAs (miRNAs) defined as a class of short,
endogenous, non-coding RNA molecules, 18-24 nt long,
that affect the post-transcriptional regulation of gene
expression via suppressing translation or promoting
degradation of their target mRNAs (Wu et al. 2021). They
target the RNA-induced silencing complex to complemen-
tary sites in their target mRNAs' 3'-untranslated region
(UTR). Translational repression and/or degradation of the
targeted mRNA occurs depending on the degree of base
pairing between the miRNA and the 3-UTR. MiRNAs are
known to regulate a variety of physiological processes, and
their de-regulation is a pathological mechanism in many
diseases, including PE (Bounds et al. 2017). Deregulated
miRNAs have been linked to all aspects of placentation,
including trophoblast proliferation, differentiation, and
invasion, endothelial cell activity, and the inflammatory
response (Munaut et al. 2016). Placental tissue expresses
miRNAs during pregnancy, and their concentration
differs based on the gestational week and placental stage
development, highlighting their significance in placental
regulation (Mouillet et al. 2011).

Several studies have proven the role of circulating miR-
NAs in PE, but with contradictory results due to varying
diagnostic and prognostic values. These contradictory
results can be associated with many factors, including
ethnicity, specimen type, and microRNA profiling (Lip
etal. 2020). We conducted a meta-analysis in this study to
investigate the role of circulating miRNAs in PE diagnosis.

Materials and methods

Databases search

We carried out a diagnostic meta-analysis using the
PRISMA guidelines (McInnes et al. 2018). Databases
searched included PubMed, Web of Science (WOS), Em-
base, Google Scholar, and Cochrane Library and were
searched between January 2017 and June 2021. The
following search keywords were used to find relevant
data: (“preeclampsia” OR “pre-eclampsia” OR “pre ec-
lampsia” OR “eclampsia” OR “gestational hypertension”
OR “pregnancy hypertension” OR “pregnancy toxemia”
OR “gestational hypertensive disorder” OR “hypertensive
disorders of pregnancy” OR “pregnancy-associated hy-
pertension OR “pregnancy-induced hypertension”) AND
(“miR” “microRNAs” OR “miRNAs” OR “microRNA”
OR “miRNA”) AND (“speciocity” OR “sensitivity” OR
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“ROC curve”). Further, we reviewed the reference-lists
of all relevant articles for any publications that could be
eligible for inclusion.

Inclusion and exclusion criteria

The inclusion criteria were defined as follows based on
the existing methods of diagnostic meta-analysis: 1)
Observation-based studies on pregnancies women with
pre-eclampsia; 2) Studies related to circulating miRNAs
and pre-eclampsia; 3) PE patients were diagnosed using the
widely accepted gold reference standard: blood pressure
of 140/90 mmHg and proteinuria of 0.3 g/day after 20
weeks of gestation. 4) The studies that clearly reporting
sensitivity, specificity with 95% confidence interval or
contain sufficient data to make a 2*2 table for calculat-
ing the following values (value of true positives, value of
false positives, value of false negatives, and value of true
negatives). Contrarily, the criteria for exclusion was as
follows: 1) Duplicate publication; 2) Reviews, Abstracts,
Editorial, Conference and Notes; 3) If the expression-level
of microRNAs received from animals or any sources
other than humans; 4) Non-English articles; 5) Studies
containing insufficient data for comparisons; 6) Any
article in which the patient’s selection intersects with
another article.

Data extraction

We searched the databases separately and collected the
following data from the qualified studies: first author,
country, year of publication, microRNA profiling, study
type, time of sampling, expression level, type of specimen,
sample size for both controls and pregnancies with PE,
type of PE (EOPE, LOPE), test method, gestational weeks
at sampling, internal reference, and diagnostic value
(sensitivity, specificity, true positive, true negative, false
positive, false negative, cut-off, and AUC).

Statistical analysis

All analyses were carried out using Comprehensive Meta
Analysis V3, MetaDiSc 1.4 and RevMan 5.4 software.
We used the y2-based (Huang et al. 2016) Cochran’s Q
test and Higgin’ I? statistics to determine the degree of
heterogeneity among studies. Values with P < 0.10 or I
>50% were considered to have significant heterogeneity,
and this was followed by application of the random-effects
model. The subgroup analyse and threshold effect were
used to identify probable sources of heterogeneity (Yin
et al. 2020). In addition, we used funnel plot to test the
chances of publication bias cross studies, results with
P<0.10 indicated to the presence of statistical publica-
tion bias.



Results

Literature selection

We searched 413 records in PubMed, EMBASE, web of
science, and the Cochrane Library. Of these, 172 duplicate
studies were excluded. We excluded 195 records after
reading the titles and abstract, these including 97 (reviews,
conference abstracts), 11 irrelevant studies, 37 not about
PE, 21 not about miRINAs, 2 non-English studies, and 27
animal studies. Subsequently, we assessed the remaining
46 full-text articles with exclusion of 38 studies based
on our exclusion criteria, including 29 without complete
data, 5 without suitable comparisons, 4 overlapping data.
In total, 8 studies were ultimately included in this study
(Altindirek 2021; Dong et al. 2019; Kim et al. 2020; Mo-
tawi et al. 2018; Murakami et al. 2018; Timofeeva et al.
2018; Tolba et al. 2020; Whigham et al. 2020). A flowchart
of the selection process for this meta-analysis study is
presented in (Fig. 1).

Study characteristics

Table 1 summarizes the main studies' characteristics of the
final quantitative synthesis. In total, 8 articles (published
between February 2017 and June 2021) were added to
this meta-analysis study, including in total 704 pregnant
women (350 normal pregnancies and 354 PE patients).
The sources of microRNAs included are as follows: whole
blood, plasma, serum, and plasma exosomes. Addition-
ally, some studies did not distinguish between the types
of PE. qRT-PCR was used in all studies as the primary
detection method, with GAPDH, RNU6-2, SNORD-95,
Cel-miRNA-39, SNORD44, SNORD48, U6, RNU6-B,
and miR191as internal controls.

Quality assessment

A methodical quality assessment against QUADAS?2
criteria is presented in (Fig. 2). The poor design of some
case-control studies was a key constraint of this quality
assessment, although generally the quality was acceptable.

Threshold effect

We used the MetaDisc 1.4 for threshold- analysis, A Spear-
man correlation coefficient (r) between the logit of TPR
and logit of FPR (1-specificity) was calculated, threshold
effect is suggested by a strong positive correlation r with
a value less than 0.05, in our meta-analysis Spearman-
correlation coefficient were 0.451 (p-value = 0.070) in-
dicating no threshold effect exist in the meta-analysis.

Diagnostic efficiency of circulating microRNAs in PE
patients

There was a significant heterogeneity among the stud-
ies, therefore the random-effects model was used in this
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Figure 1. The flow chart of literature selection according to PRISMA
guideline.
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Figure 3. Forest plot of the pooled specificity, sensitivity, positive likelihood ratio, negative likelihood ratio of circulating miRNAs for the diagnosis

of PE. (A) Specificity; (B) Sensitivity; (C) PLR; (D) NLR.

meta-analysis (Koushki et al. 2018). By analysing the
combined results of some statistical measures of the
studies, the results were as follows: specificity 0.87 (95%
CI: 0.85-0.89) (Fig. 3a), sensitivity 0.88 (95% CI: 0.86-
0.90) (Fig. 3b), positive-likelihood ratio (PLR) 6.07 (95%
CI: 4.48-8.23) (Fig. 3¢), negative-likelihood ratio (NLR)
0.14 (95% CI: 0.08-0.23) (Fig. 3d), area under curve (AUC)
0.9447 (Fig. 4a), and diagnostic odds ratio (DOR) 57.54
(95% CI: 35.24-93.94) (Fig. 4¢). By setting pre-test prob-
ability at 20% (Zheng et al. 2019), the Fagan's Nomogram
indicated that the post-test probability of positive tests
increased to 60% and the post-test probability of negative
tests decreased to 3% (Fig. 4b).

Subgroup analysis

We also conducted subgroup analysis, for diagnostic
performance, on both ethnicity (Asian or non-Asian),
and specimen source (plasma or non-plasma) (Table 2).
The findings showed better diagnostic values for non-
Asian race than Asians with DOR, 60.32 vs 58.45 and
AUC, 0.94 vs 0.93). In parallel, the non-plasma samples
showed better diagnostic values than plasma specimen

sources with DOR, 70.76 vs 35.45 and AUC 0.95vs 0.92.

Publication bias

We used Comprehensive meta-analysis software (version
3.3.070, USA) to make a funnel plot and Egger’s regres-
sion test (Koushki et al. 2018). Details are shown in (Fig.
4d). Begg and Mazumdar’s test for rank correlation gave
ap-value of 0.2016, indicating no evidence of publication
bias. Egger’s test for a regression intercept gave a p-value
of 0.6934, and that means no evidence of publication bias.

Discussion

MicroRNAs has come to the attention of researchers in
recent years due to the important role it plays in a vari-
ety of diseases. Several studies have proven the role of
circulating miRNAs in PE and indicated the possibility
of using them as diagnostic biomarkers for PE (Jin et al.
2019; Luque et al. 2014; Wang et al. 2015). Similarly, in
malignancies like hepatocellular carcinoma-(HCC) and
non-small cell lung cancer-(NSCLC), as well as non-
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Figure 4. sROC curve, DOR, Fagan's nomogram, and Funnel plot of circulating miRNAs for the diagnosis of PE. (A) sROC curve; (B) Fagan’s no-

mogram; (c) DOR; (D) Funnel plot.

neoplastic illnesses including venous thromboembolism
and sepsis, circulating miRNAs plays an important role
in early diagnosis of these diseases (Hasegawa et al. 2019;
Xiangetal. 2019). As a result of the numerous differences
in the results of these studies, we performed a meta-
analysis on studies with comparable data for assessing
the diagnostic markers.

Principal findings

Our systematic review and meta-analysis study involved
8 articles (17 studies), containing in total 704 pregnant
women (350 normal pregnancies and 354 PE patients). In
order to find out the diagnostic accuracy we performed
the pooled specificity, sensitivity, and the area under the
curve (AUC) and they were as follows: 0.88 (95% CI: 0.86-
0.90), 0.87 (95% CI: 0.85-0.89), and 0.9447, respectively.
Also, the value of diagnostic odds ratio (DOR) showed a
high diagnostic efficacy in all the 17 studies. A previous
meta-analysis study included 12 studies from 5 articles
confirmed our results with pooled sensitivity 0.88 [0.80-
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0.93], specificity 0.87 [0.78-0.92] and AUC 0.94 (Yin et
al. 2020). We also performed LRs tests, LRs correspond
nicely to the clinical concepts of (ruling in) and (ruling
out) disease (Grimes and Schulz 2005). The more the
likelihood ratio for a positive test (LR+, positive likeli-
hood ratio) is greater than 1, the more likely the disease
or outcome. The more a likelihood ratio for a negative
test (LR-, Negative - likelihood ratio) is less than 1, the
less likely the disease or outcome (Deeks and Altman
2004; Johnson 2004; McGee 2002). Our tests showed a
pooled LR+ of 6.07 which indicates 6.07-fold increase in
the possibility of PE in a pregnant woman with a positive
relative to a healthy individual in the diagnostic meta-
analysis. Also, the pooled LR- was 0.14 means that the
possibility of PE in a pregnant woman, with a negative
test, was 14% of that in a healthy individual. Since there
was such a significant heterogeneity, we focused on what
causes the heterogeneity. After excluding the source of a
threshold effect, we conducted a subgroup-analyses for
both ethnicity and the specimen source to further inves-



tigate the possible source of heterogeneity. As a result, to
the subgroup analysis, we noticed a better diagnostic-
value in non-Asian race than Asians with DOR 60.32
[21.75-167.25] vs 58.45 [34.2-99.8] and AUC 0.94 vs 0.93
respectively, also we noticed a better diagnostic-value in
non-plasma samples than plasma samples type with DOR
70.76 [36.01-139.06 vs 35.45 [16.65-75.47] and AUC 0.95
vs 0.92, respectively.

Study limitations

In our study we encountered some limitations as follows:
Some articles missed cut-off value as well as in some
articles PE was not classified by onset time and that
could be considered as a source of heterogeneity. Also,
regarding internal references, we could not add them to
the subgroup analysis due to the lack of suitable data to
make a comparison between two groups. Additionally,
some studies were conducted on a small sample size, and
this may affect the accuracy of results, therefore these
results need to be corroborated with other future studies
to ensure the validity of the results.

Conclusion

Our meta-analysis shows that circulating microRNAs
serve as PE biomarkers due to their high sensitivity and
specificity. It also showed that non-plasma samples and
non-Asian race may have a higher diagnostic value for PE
than the other groups. It is expected that our findings will
be useful for future studies related to the microRNA role
in diagnosing pre-eclampsia. We suggest further studies
with different types of circulating microRNAs for bet-
ter and broader diagnostic of PE. Furthermore, further
research with a larger sample size is needed to explore
its function in the pathophysiology of the pre-eclampsia.
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