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Abstract
Acute pulmonary embolism (APE) is a common sudden venous thromboembolism with high rates of morbidity and mortality.
Several studies have concluded that microRNA-134 could be a potential biomarker for APE. However, the sensitivity of these
studies varies widely. This study aimed to evaluate the diagnostic value of circulating microRNA-134 levels for APE. Four
databases were searched to retrieve articles focusing on microRNA-134 detection in APE diagnosis. The Quality Assessment of
Diagnostic Accuracy Studies-2 was used to evaluate the quality of the included literature. This meta-analysis included seven
studies and 383 subjects. The microRNA-134 levels in APE patients were higher than those in controls (SMD= 2.84, z = 3.69,
p < 0.001). The pooled sensitivity, specificity, and diagnostic odds ratio were 0.86 (0.72–0.94), 0.75 (0.66–0.82), and 19 (7–51),
respectively. The positive and negative likelihood ratios were 3.4 (2.4–4.8) and 0.18 (0.08–0.40), respectively. The area under the
summary receiver operating characteristic curve was 0.81 (0.77–0.84). Circulating microRNA-134 may be a new biomarker for
the diagnosis of APE, but more tests and studies are needed to further explore and prove this. Trial registration number:
PROSPERO registration #CRD42020184072
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Abbreviations
APE Acute pulmonary embolism
NSTEMI Non-ST segment elevation myocardial infarction
SROC Summary receiver operating characteristic

AUC The area under the summary receiver operating
characteristic curve

SEN Sensitivity
SPE Specificity
PLR Positive likelihood ratio
NLR Negative likelihood ratio
DOR Diagnostic odds ratio

Introduction

Acute pulmonary embolism (APE) is a common sudden ve-
nous thromboembolism with high rates of morbidity and mor-
tality [1]. Acute myocardial infarction, stroke, and APE rank
first, second, and third, respectively, in terms of death from
cardiovascular disease, and APE causes about 60,000 to
100,000 deaths every year in the USA, which implies that
there are 100 to 200 APE cases in every 100,000 persons
[2–4]. Due to the different clinical manifestations and severity
of APE and the lack of specificity, the associated rates of
misdiagnosis, missed diagnosis, and mortality are high.
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Therefore, early and accurate diagnosis is an effective method
to reduce the incidence and mortality of APE. The methods of
diagnosing pulmonary embolism mainly include imaging ex-
aminations and biomarkers. The currently accepted gold stan-
dard is pulmonary angiography, which is an invasive test that
may cause serious complications [5]. In recent years, CT pul-
monary angiography has become more widely used. It is the
preferred diagnostic method for patients with suspected high-
risk pulmonary embolism and plays an important role in the
differential diagnosis and treatment of pulmonary embolism
[6–8]. D-dimer, as a biomarker, is also widely measured in the
diagnosis of pulmonary embolism. The test has high sensitiv-
ity and poor specificity, and it can effectively exclude patients
with pulmonary embolism, but patients with positive results
still require imaging examinations [9, 10]. Early and accurate
diagnosis can make the patient be treated more effectively and
reduce the mortality. Therefore, it is important to find a safe
and efficient diagnostic method and improve the accuracy of
pulmonary embolism diagnosis.

microRNAs are endogenous non-coding small-molecule
single-stranded RNAs that can inhibit the translation of target
mRNAs by specific binding to the 3′ non-coding regions of
target genes in order to regulate them. Circulating microRNAs
have significance as molecular biomarkers for the diagnosis of
a variety of diseases [11]. Circulating microRNAs have a va-
riety of advantages as potential biomarkers for the diagnosis
of APE. In terms of disease development, some microRNAs
are activated and exist at different levels between those with
and without disease. Circulating microRNAs are stable, resis-
tant to enzymes and heat, not easily decomposed, and easy to
collect and reproduce. They can enter the blood through the
peripheral circulation, and they can quickly be detected in the
plasma or serum. Detection is sensitive and quantitative, so it
is possible to identify a disease in the early stage and assess the
severity of the disease according to microRNA levels.
Furthermore, compared with pulmonary angiography and D-
dimer tests, microRNA detection is not invasive and can be
easily accomplished by using real-time quantitative polymer-
ase chain reaction (PCR) at low cost. In addition, microRNA
detection possesses high sensitivity and specificity. It can also
accurately identify APE and non-ST segment elevation myo-
cardial infarction (NSTEMI), which are two diseases that are
hard to differentiate [12]. However, some cells secrete many
kinds of microRNAs, and other cells can secrete the same
microRNAs, which may make it difficult to distinguish the
source of the target microRNA. Single microRNAs may not
have good representativeness, and diagnostic accuracy is not
very high. It may be useful to screen APE-related differential-
ly expressed genes by gene sequencing and confirmed their
product reference ranges and thresholds. The combined detec-
tion of several specific microRNAs can also increase diagnos-
tic accuracy. In brief, microRNA has the potential to be an
early diagnostic method. Previous research involving three

studies combined four different microRNAs (miR-134, miR-
1233, miR-28-3p, and miR-27a) inappropriately to evaluate
the overall diagnostic value of microRNAs for APE, and it
was concluded that microRNAs had good accuracy and could
be potential biomarkers for APE; however, the study did not
assess the diagnostic value of single microRNAs for APE
[13]. The present study aims to estimate the value of a single
microRNA for APE diagnosis. Circulating microRNA-134 is
the first microRNA used for APE diagnosis, and it is also the
most widely studied microRNA to date [14]. Xiao was the
first to use microRNA-134 for APE diagnosis and found that
compared with controls, miR-134 levels in APE patients were
observably higher, suggesting that miR-134 could be used as a
biomarker for APE [15]. Other studies have arrived at the
same conclusion [12, 16–19]. However, the sensitivity of
these studies varied widely, with a maximum sensitivity of
100% and a minimum sensitivity of 68.8%. In addition, these
studies were limited by small sample sizes. Thus, the accuracy
of miR-134 tests for APE diagnosis is still not clear.
Therefore, the purpose of this study is to investigate the diag-
nostic value of miR-134 detection for APE by means of a
meta-analysis, combining existing studies on miR-134 detec-
tion in the diagnosis of APE.

Methods

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews andMeta-analyses of
Diagnostic Test Accuracy (PRISMA-DTA) [20]. A relative
protocol has been registered on PROSPERO (ID:
CRD42020184072). This study did not need ethical approval
because it was a review of existing literature and did not use
any individual patient data.

Data Sources and Retrieval Strategy

The PubMed, Web of Science, WanFang, and China National
Knowledge Infrastructure databases were searched to retrieve
relevant articles focusing on microRNA-134 detection and
APE diagnosis. Retrieval ended on April 30, 2020. We re-
trieved articles published since 1990 from the China
National Knowledge Infrastructure, WanFang, and Web of
Science databases and since 1960 from the PubMed database.
The search terms included “microRNA,” “miRNA,” “miR,”
“RNA,” “pulmonary embolism,” “embolism, pulmonary,”
“pulmonary thromboembolism,” “thromboembolism, pulmo-
nary,” and “embolism.”

Inclusion and Exclusion Criteria

This study aims to evaluate the diagnostic value of miR-134
detection alone in APE. The inclusion criteria were as follows:
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(1) the subjects were patients with APE diagnosed by CT
pulmonary angiography; (2) the studies contained relevant
indicators for the diagnosis of APE via miR-134 detection;
and (3) the studies were diagnostic tests. The exclusion criteria
were as follows: (1) the studies combined the detection of
miR-134 with the detection of different microRNAs or other
biomarkers; (2) the studies lacked relevant data for analysis;
(3) the studies examined non-human subjects; and (4) the
studies were repeat studies, reviews, abstracts, or conference
reports.

Data Extraction and Quality Assessment

Two authors (Yu Liu and Ming Xie) separately extracted
the data, and all disagreements were resolved by discussion
to avoid bias. The main extracted information included the
first author, publication time, type of disease and control,
sample size, sample type, and average age of the subjects.
The collected data included sensitivity, specificity, true
positive (tp), false positive (fp), false negative (fn), true
negative (tn), and the area under the curve (AUC). The
Quality Assessment of Diagnostic Accuracy Studies-
2(QUADAS-2) was used to evaluate the quality of the in-
cluded literature [21]. QUADAS-2 consists of four do-
mains: (1) patient selection; (2) index text; (3) reference
standard; and (4) flow and timing. Each domain has several
signature questions which are answered as “yes,” “no,” or
“unclear,” and the risk of bias is determined as “high,”
“unclear,” or “low,” through the signature questions.
“Yes” means that the risk of bias is low. If all the signature
questions for a domain are answered with “yes,” then the
risk of bias of the domain is low. If the answer to any of the
signature questions is “no,” then there exists a high risk of
bias. Concerns about applicability are judged by the degree
that the included studies do not match the review questions
and are rated as “low,” “high,” or “unclear.” The risk of
bias and applicability can be answered as “unclear” when
there is not enough information.

Statistical Analysis

RevMan 5.3 and Stata 14.0 were used for statistical anal-
ysis. (1) The data extracted were aggregated to obtain the
pooled sensitivity, specificity, positive likelihood ratio
(PLR), negative likelihood ratio (NLR), and diagnostic
odds ratio (DOR), and the AUC was calculated by using
the bivariate mixed effects model. It was also necessary to
analyze miR-134 levels and subgroup analysis for the sam-
ple type was performed. Sensitivity analysis was carried
out by using the method of removing included articles
one by one. (2) Heterogeneity among the studies was eval-
uated by using χ2 and I2 tests. For the diagnostic accuracy
study, the Spearman correlation coefficient between the

logarithm of (1-SPE) and the logarithm of SEN was calcu-
lated to evaluate whether there was a threshold effect be-
tween studies [22]. If the Spearman correlation coefficient
was > 0 and the p value was < 0.05, there was a threshold
effect in the study, so the single index of each study could
not be combined. Otherwise, if the Spearman correlation
coefficient was < 0 and the p value was > 0.05, there was
no threshold effect, and the heterogeneity was mainly de-
rived from the non-threshold effect. When I2 was < 50% or
the p value was > 0.1, the homogeneity was considered to
be good, and the fixed effects model was adopted. The
random effects model was adopted when the test results
had heterogeneity. (3) A Deeks’ funnel plot was drawn to
assess publication bias. A p value of < 0.05 was considered
statistically significant (two-sided test).

Results

A total of 404 articles were retrieved at the initial stage. After
screening, seven articles with 209 APE patients and 174 con-
trols were included in the systematic review, including four in
English and three in Chinese [12, 15–19, 23]. The screening
process is shown in Fig. 1. The basic information of the in-
cluded studies is shown in Table 1. All patients were diag-
nosed with APE by CT pulmonary angiography, and relative
miRNA-134 levels in the blood were detected by using real-
time quantitative PCR. Table 2 presents the miR-134 levels
between the APE patients and controls. The accuracy of
microRNA-134 detection for APE diagnosis is shown in
Table 3.

Study Quality Assessment

The quality assessment of the included studies was evaluated
according to QUADAS-2(Fig. 2). The patient selection and
index test domains showed that a high risk of bias existed.
Concerning risk of bias, the articles selected confirmed APE
patients as study subjects and excluded suspected APE pa-
tients and patients for whom APE was difficult to identify.
This may overestimate the diagnostic accuracy. Furthermore,
the case-control design was not avoided, and the index test
was conducted with knowledge of the reference standard re-
sults, which could have affected the interpretation of the re-
sults and caused potential bias. In addition, it was not explic-
itly reported whether the threshold was prespecified, and there
was an appropriate interval between the index test and refer-
ence standard. Threshold selection affects sensitivity and
specificity. The time interval between the index test and ref-
erence standard is also important, as microRNA levels vary
over time. There were no applicability concerns in terms of the
patient selection, index test, and reference standard domains.
All studies used real-time quantitative PCR to measure miR-
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134 levels and applied CT pulmonary angiography as the
reference standard.

miR-134 Levels

miR-134 levels were available in five studies [16–19, 23].
Since I2 was 94.7% and the p value was < 0.001, the random
effects model was used to perform the analysis, which dem-
onstrated that the miR-134 levels in APE patients were higher
than those in controls (SMD= 2.84, 95% CI: 1.33–4.34, z =
3.69, p < 0.001) (Fig. 3a). To determine whether the type of
sample could affect miR-134 content, we performed subgroup
analysis, which showed that both plasma and serum miR-134
levels in APE patients were always higher than those in con-
trols (Fig. 3b).

Diagnostic Meta-analysis

The forest plots of sensitivity and specificity of miRNA-134
detection in the diagnosis of APE are shown in Fig. 4. The
pooled sensitivity and specificity with 95% confidence inter-
vals were 0.86 (0.72–0.94) and 0.75 (0.66–0.82), respectively.
Additionally, PLR, NLR, and DOR were 3.4 (2.4–4.8), 0.18
(0.08–0.40), and 19 (7–51), respectively. A summary receiver

operating characteristic (SROC) curve is shown in Fig. 5a; the
AUC was 0.81 (0.77–0.84). As for heterogeneity, the χ2 and
I2 test values were 15.48 (p < 0.1) and 67.70%, respectively,
for sensitivity, and 6.59 (p > 0.1) and 24.16%, respectively,
for specificity, indicating significant heterogeneity in terms of
sensitivity. In diagnostic meta-analysis, the threshold effect is
a main source of heterogeneity. The Spearman correlation
coefficient between the logarithm of (1-SPE) and the loga-
rithm of SEN was − 0.251 (p = 0.631), demonstrating that
there was no threshold effect, and the heterogeneity was main-
ly derived from the non-threshold effect.

Sensitivity analysis was performed by using the method of
removing included articles one by one. The results showed no
significant change, indicating that no single study had a sig-
nificant effect on the overall results (Table 4). A funnel plot
was drawn to assess publication bias (Fig. 5b); we found that
t = 2.08 and p = 0.11, indicating that no significant publication
bias existed in the included studies.

Discussion

In this study, the value of microRNA-134 detection for APE
diagnosis was systematically appraised through a meta-

Table 1 Characteristics of the
included studies Author Year Group Sample size (M/F) Age

Thorsten Kessler [12] 2016 APE 30 (17/13) 62 ± 14

NSTEMI 30 (17/13) 64 ± 13

Junjie Xiao [15] 2011 APE 32 (15/17) 54.78 ± 16.20

Non-APE 22 (10/12) 62.27 ± 23.33

Yaping Wang [16] 2017 APE 20 (14/6) 58.49 ± 11.68

Healthy 20 (15/5) 60.49 ± 10.11

Haizhen Ma [17] 2018 APE 20 (13/7) 59.42 ± 10.68

Healthy 20 (16/4) 57.05 ± 14.27

Heng Zhang [18] 2016 APE 20 (14/6) 58.46 ± 11.70

Healthy 20 (15/5) 60.46 ± 10.01

Bang Zhu [19] 2018 APE 50 (26/24) 35.10 ± 9.34

Healthy 25 (13/12) 35.26 ± 6.22

Xin Zhou [23] 2016 APE 37 (21/16) 61 ± 11.9

Healthy 37 (20/17) 62 ± 10.2

Table 2 microRNA-134 levels
between APE patients and
controls

Author Year ncase case_m case_sd ncontrol control_m control_sd Sample

Yaping Wang [16] 2017 20 1.03 0.38 20 0.43 0.15 Plasma

Haizhen Ma [17] 2018 20 2.04 0.26 20 1 0.23 Plasma

Heng Zhang [18] 2016 20 1.76 0.41 20 0.52 0.13 Plasma

Bang Zhu [19] 2018 50 6.25 1.82 25 1.15 0.34 Serum

Xin Zhou [23] 2016 37 2.95 0.86 37 2.22 1.42 Plasma
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analysis. This meta-analysis found that miRNA-134 levels
were significantly different between patients with APE and
controls. In both plasma and serum samples, APE patients
had higher miR-134 levels than controls did, suggesting that
miR-134 may be a potential biomarker for APE diagnosis.
The pooled sensitivity and specificity were 0.86 (0.72–0.94)
and 0.75 (0.66–0.82), respectively, suggesting that the detec-
tion of miR-134 has good sensitivity and specificity. The PLR
and NLR were 3.4 (2.4–4.8) and 0.18 (0.08–0.40),

respectively. The likelihood ratio represents the possibility
of developing the target disease. The higher the PLR value,
the greater the likelihood of developing the target disease; the
opposite is true for the NLR value. The DOR and AUC were
19 (7–51) and 0.81 (0.77–0.84), respectively. The DOR
showed that the ratio of the ratio of positive tests in the case
group to the ratio of positive tests in the control group was 19.
The DOR reflects the degree of connection between the diag-
nostic test and the disease. The larger the value, the better the

Table 3 Diagnostic accuracy of
microRNA-134 detection for
APE diagnosis

Author Year n APE Control AUC SEN SPE tp fp fn tn

Thorsten Kessler [12] 2016 60 30 30 0.78 83 64 25 11 5 19

Junjie Xiao [15] 2011 54 32 22 0.756 68.8 68.2 22 7 10 15

Yaping Wang [16] 2017 40 20 20 0.836 89.5 75 18 5 2 15

Haizhen Ma [17] 2018 40 20 20 0.904 94.7 90 19 2 1 18

Heng Zhang [18] 2016 40 20 20 0.876 100 71.41 20 6 0 14

Bang Zhu [19] 2018 75 50 25 0.86 72 82 36 4 14 21

Fig. 1 Flow chart of the screening
process
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discrimination effect of the diagnostic test [24]. However, it
cannot differentiate between sensitivity and specificity, and
the clinical significance is not obvious [25]. On the contrary,
the SROC curve is an overall summary of the characteristics
of the test and shows the relationship between sensitivity and
specificity, with each dot representing an independent study.
Thus, in a diagnostic meta-analysis, the AUC is usually used
to estimate the overall diagnostic value. The greater the AUC,
the higher the diagnostic accuracy of the index test. The inter-
pretation of AUC values is suggested as follows: low (0.5–
0.7), moderate (0.7–0.9), or high (0.9–1) accuracy. In brief,
miR-134 tests had good accuracy for APE diagnosis, and
miR-134 had the potential to be a diagnostic biomarker for
APE.

In clinical practice, APE patients have symptoms similar to
those of NSTEMI patients, such as chest discomfort, dyspnea,
and nausea, and it is not easy to discriminate the two diseases
[26, 27]. If the two diseases cannot be accurately distin-
guished, the correct treatment cannot be conducted in time.
Therefore, accurate identification of APE is very important for
the treatment of APE and the reduction of mortality due to

APE. One of the articles included in this study, which used
NSTEMI patients as controls, showed that miR-134 levels
were markedly different between the two groups, and miR-
134 levels could significantly distinguish APE patients from
the controls, suggesting that circulating miR-134 levels pos-
sess good differential diagnosis ability in terms of APE and
NSTEMI [12]. This may also provide a new direction and
basis in the differential diagnosis of APE and NSTEMI.
Because of the few related studies and small sample size of
this study, miR-134 as a biomarker to identify myocardial
infarction and APE requires more study before it can be
applied.

D-dimer, a traditional biomarker, is the degradation prod-
uct of cross-linked fibrin, and D-dimer tests have the disad-
vantage of low specificity in APE diagnosis [28]. The sensi-
tivity of D-dimer assays was 83% but the specificity was only
39% [29]. When lower than 500 μg/L, the specificity was
about 40–68% in diagnosing APE [30]. The present study
found that miR-134 could be a potential biomarker in the
diagnosis of APE and that its diagnostic value was good.
Several studies showed that compared with D-dimer tests,

Fig. 2 Risk of bias analyses. a
Graph of risk of bias and
applicability concerns (review
authors’ judgements about each
domain presented as percentages
across the included studies). b
Summary of risk of bias and
applicability concerns (review
authors’ judgements about each
domain for each included study)
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Fig. 3 microRNA-134 levels
between APE patients and
controls. a Forest plot of
microRNA-134 levels. b
Subgroup analysis of microRNA-
134 sample types

Fig. 4 Forest plots of pooled
sensitivity and specificity of
microRNA-134
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miR-134 tests had higher specificity, though their sensitivity
was lower than D-dimer tests. At the same time, microRNA
tests combined with D-dimer tests are more accurate than the
single detection of either microRNA or D-dimer for APE di-
agnosis, with increased sensitivity and specificity [31, 32].
The sensitivity/specificity of miR-27a and D-dimer tests were
79.2%/70.0% and 95.8%/67.5%, respectively. After combin-
ing miR-27a tests with D-dimer tests, the sensitivity and

specificity increased to 90.5% and 80.0%, respectively. In
summary, miR-134 tests combined with D-dimer tests may
be an excellent detection method and improve the accuracy
of APE diagnosis greatly.

This study has certain limitations, such as its small sample
size and heterogeneity. This may be due to differences in the
control populations of the included articles, some using
healthy people as controls, and some using other non-APE

Fig. 5 The diagnostic power of
microRNA-134 detection for
APE and funnel plot for publica-
tion bias. a SROC curve of diag-
nostic power of microRNA-134
detection for APE. b Funnel plot
for publication bias

Table 4 Sensitivity analysis of diagnostic accuracy of microRNA-134 detection for APE

SEN SPE PLR NLR DOR AUC

All 0.86 (0.72–0.94) 0.75 (0.66–0.82) 3.4 (2.4–4.8) 0.18 (0.08–0.40) 19 (7–51) 0.81 (0.77–0.84)

Thorsten Kessler 2016 [12] 0.88 (0.69–0.96) 0.78 (0.69–0.85) 3.9 (2.7–5.8) 0.16 (0.06–0.44) 25 (7–90) 0.79 (0.75–0.82)

Junjie Xiao 2011 [15] 0.89 (0.75–0.96) 0.76 (0.66–0.84) 3.7 (2.5–5.5) 0.14 (0.06–0.36) 26 (9–97) 0.85 (0.82–0.88)

Yaping Wang 2017 [16] 0.86 (0.68~0.95) 0.75 (0.64–0.83) 3.4 (2.3–5.2) 0.19 (0.08–0.47) 18 (5–60) 0.83 (0.79–0.86)

Haizhen Ma 2018 [17] 0.83 (0.69–0.92) 0.72 (0.63–0.79) 3.0 (2.2–4.0) 0.23 (0.12–0.45) 13 (5–30) 0.76 (0.73–0.80)

Heng Zhang 2016 [18] 0.81 (0.69–0.89) 0.76 (0.65–0.84) 3.4 (2.2–5.2) 0.25 (0.14–0.44) 14 (5–34) 0.85 (0.81–0.87)

Ban Zhu 2018 [19] 0.89 (0.75–0.96) 0.73 (0.62–0.81) 3.3 (2.2–5.0) 0.14 (0.05–0.39) 23 (6–85) 0.82 (0.79–0.85)
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patients as controls. Likewise, there were differences in miR-
134 levels among the different populations. In addition, the
test samples were different; some studies detected circulating
miR-134 content in serum, while others detected miR-134
content in plasma. Subgroup analysis of sample types was
conducted but could not explain the source of heterogeneity.
Due to the small number of included studies, subgroup anal-
ysis of control group andmeta-regression were not performed.
Kessler et al. found that time can affect miR-134 levels, with
miR-134 levels declining as time increases [12]. The time of
sample collection was not clear, which may have caused the
differences among the studies. Despite its limitations, the pres-
ent research concluded that circulating miR-134 may be used
as a new biomarker for APE diagnosis. In conclusion, this
study preliminarily confirmed the reliability of miR-134 de-
tection in APE diagnosis, but more tests and studies are need-
ed to further explore and prove this.
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