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Abstract

Background Circulating non-coding RNAs have great potential for diagnosing endometriosis as non-invasive markers. We
have assessed the potential accuracy and utility for diagnosis of endometriosis.

Methods We searched many bases to identify the included literature, which included English bases, such as, Pubmed,
Embase, Web of Science, Cochrane library and Chinese bases, for instance, CNKI, Wang Fang, VIP, DuXiu, ChaoXing.
We also calculated the general sensitivity and specificity, negative likelihood ratio, positive likelihood ratio, diagnostic odds
ratio, ROC curve plotting and so on with Stata 15. I? could test the heterogeneity of the meta-analysis, the funnel plot valu-
ated whether meta-analysis had a publication bias. Regression analysis could explore heterogeneity in studies.

Result Comprehensive reading and integrating extracted data, we included 11 published papers. The total number of people
included in the case group was 453, and the control group was 362. We, respectively, calculated the general sensitivity and
general specificity which were 0.81 (95% CI 0.76-0.85) and 0.77 (95% CI 0.71-0.82) by bivariate analysis. The area under
the ROC curve was 0.86 (95% CI 0.83-0.89). There was significant heterogeneity in studies which is I* = 89.62% (95% CI
87.41%-91.83%). In addition, the results of meta-regression and subgroup analysis showed that the heterogeneity might
come from gold standard, evaluation standard, experimental group size, experimental sample and race

Conclusion The circulating non-coding RNAs have great ability of diagnosing endometriosis as non-invasive markers which
were performed robustly and accurately.

Keywords Non-coding RNAs - Endometriosis - Biomarkers - Non-invasive and meta

Background

Endometriosis is a common gynecological disease in women
caused by the implantation of active endometrial cells in the
ovaries, fallopian tubes and peritoneum [1-3]. Worldwide, it
has resulted in 30-40% of women undergoing dysmenorrhea
and infertility which places a heavy burden on health care
services [4] and carries enormous consequences for societies
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[5]. Up to now, the laparoscopy is the only one golden stand-
ard [6], while, as an invasive method for the diagnosis of
endometriosis, it brings about great trauma, huge economic
burden and mental stress. Furthermore, the CA125, TNFa
and IL-6 are limited due to the lack of diagnostic accuracy.
Moreover, incipient symptoms of endometriosis such as
dysmenorrhea, chronic pelvic pain, irregular menstruation
and infertility are not specific and cannot distinguish it very
well from other gynecological diseases. It is also particularly
crucial to diagnose endometriosis early in pregnant women.
Hence, the increasing infertility ratio of endometriosis on
account of delayed diagnosis and treatment prolonged the
time of hospitalization and augmented average cost. To solve
these problems, it is necessary for us to search an early non-
invasive and accurate diagnostic method.

This was achieved not only thanks to the development of a
new generation of sequencing technology, but also the push of
the Encyclopedia of DNA Elements (ENCODE) and the Func-
tional Annotation of the Mammalian Genome (FANTOM).
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Non-coding RNAs have been increasingly recognized for more
than a decade [7, 8]. The circulating non-coding RNAs include
microRNA, long non-coding RNA and circRNA, etc. They
widely participate in various physiological and pathological
processes. MicroRNA are endogenous 20-22 nt non-coding
RNAS [9]. They can degrade or block the translation of their
target mRNA and usually work as post-DNA transcription reg-
ulators for gene expression. Evidence shows that microRNA
can be stably tested in circulating plasma and serum [10]. Cir-
culating microRNA had already been used as a biomarker for
early preclinical diagnosis including endometriosis [11-13].
Simultaneously, the long non-coding RNA is a molecule with
a length of more than 200 nt, which plays an important role
in a wide range of disease biology areas [7, 14, 15]. It has few
class of molecules. Transcription by RNA polymerase IT (RNA
PII), polyadenylation and splicing is predominantly localized
in the nucleus [16]. It is available for quantitative detection of
the non-coding RNAs gene expression in the plasma or serum
because of the stability of secondary structures [17, 18]. These
characteristics indicate that the non-coding RNAs not only can
be a method of non-invasive detection of endometriosis, but
also it plays an important role in the development of the dis-
ease [19-21]. Some scientific researches have analyzed the
long non-coding RNA expression’s profile in endometriosis.
They also have provided new experimental evidence for the
pathogenesis which influences endometrial receptivity.
Although there are only three meta-analyses about non-
invasive diagnosis of endometriosis [22, 23], the first one
introduced many non-invasive diagnostic markers in 2013.
The other two studies described microRNA information, nev-
ertheless, it ignored to extract and analyze the diagnostic data
information. The reason we did this meta-analysis was to
diagnose endometriosis early in the population in a non-inva-
sive way and to summarize diagnostic criteria information.

Materials and methods
Search and selection

We comprehensively searched for studies in Pubmed,Embase,
Web of science and Cochrane library in English base, We per-
formed the search using medical subject headings (MeSH):
“Endometriosis”, “microRNA”,“IncRNA” and Entry
Terms (Synonyms): “Endometrioses”, “Endometrioma”,
“Endometriomas”,“MicroRNA”, “miRNAs”, “ microRNAs”,
“miRNA”. Meanwhile, we also searched Chinese bases such
as CNKI, WangFang database, VIP and DuXiu. In Pubmed,
Embase and Web of Science, we also used the search terms
“NOT” “comment” OR “letter” OR “editor” OR “animal
experiment” OR “meeting summary” OR “lawsuit document”
OR “poster” OR “presentation” OR “meta-analysis” OR “case
report”). We searched for the current published literature, the
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references of main research, previous systematic reviews
and meta-analyses that were conducted from the past until
April 20, 2019. We assessed endometriosis with a uniform
gold standard. For a definitive pathologic diagnosis, we used
a system modified by the American society for reproductive
medicine(ASRM) to determine the extent of endometriosis and
the true and false positives included. The names of circulat-
ing non-coding RNAs and the sensitivity and specificity of
each study must be confirmed. Only if enough information was
provided to produce 2 X 2 crosstabs, we would adopt it. We
just included English literature and Chinese literature. Studies
that were animal experiments, reviews, correspondence, case
reports, expert opinions and reviews were eliminated.

Procedure

Data were extracted and the quality of studies was assessed
by two researchers independently. Through consultation of
different evaluations, we could reach consensus by consulta-
tion. If we could not, it was submitted to a third researcher.
Following the methodological characteristics of evidence-
based medicine, we extracted data and collected clinical
information of the included people and the changes in cir-
culating non-coding RNAs gene expression. The scientificity
of the experimental diagnostic method was estimated, as
well as the reasonability of the cutoff value setting. Each
researcher also recorded the number of true positives and
false negatives, sensitivity, specificity and the area under the
curve. Because some studies did not have all the informa-
tion available, we contacted the authors. We had enquired
whether they could provide the full text of the literature to
us. If we received no reply, we excluded those studies.

We assessed the methodological quality of the study
using the diagnostic accuracy study quality assessment
checklist (QUADAS-2). QUADAS-2 lists were used for each
article and each answer was "yes", "no", "unclear", "low
risk", "high risk" or "uncertain". A bivariate random effects
model tested them as the source of variation and bias.

Statistic analysis

The 2 x 2 tables were listed, it included the number of true
positives, false negatives, false positives and true negatives
of patients with endometriosis and without endometriosis.
The hierarchical summary receiver operation curve for cir-
culating non-coding RNA was constructed, including sen-
sitivity and specificity of the curve and a 95% confidence
interval. Evaluation of the quality of the included literature
was done by Revman 5. Meanwhile, STATA (version 15)
of the MIDAS module bivariate meta-analysis model was
applied to our analysis to calculate the pooled sensitivity,
specificity, positive likelihood ratio (PLR), negative likeli-
hood ratio (NLR) and diagnostic OR (DOR).
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We also established a summary of the subject perfor-
mance characteristics (SROC) curve and calculated the AUC
and 95% CI. The data were validated by the hierarchical
SROC (HSROC) model through the STATA (version 15)
METANDI module. Heterogeneity of non-threshold effects
was assessed using the inconsistency index (/) test. I” was
calculated to evaluate the heterogeneity of this meta-anal-
ysis. If there was significant heterogeneity between stud-
ies, the potential sources of heterogeneity were explored by
meta-regression. If I> was greater than 50%, it indicated that
there was significant heterogeneity between studies. Meta-
regression analysis was further applied to identify potential
sources of heterogeneity. Fagan’s chart was used to prove
pre-probabilities and post-probabilities. Deeks’ funnel plot
asymmetry assessed potential publication bias.

Result

A total of 1006 papers were retrieved from database, and
618 papers were adopted by removing duplicate between
databases. After reading the title and abstract, we excluded
441 again. Subsequently, after reviewing the full text, we
excluded another 400 papers (one animal experiment, three
meta-analyses, two conference papers, no significant cor-
relation in 178). Finally, 23 qualified studies were left after
the statistical analysis. Subsequently, we included 11 studies
and excluded other studies that could not obtain effective
information [24-33]. Since multiple circulating non-coding
RNAs were reported in several studies about the diagnostic
accuracy, we analyzed 50 data sets (Fig. 1).

Fig. 1 The process of literature
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Fig.2 QUADAS-2 score results
of included studies
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Research characteristics and quality assessment

Basic information from 11 articles is shown in Table 1,
extracted and included as follows: (1) the first author; (2)
published year: 2013-2019; (3) country: one from Egypt,
two from the United States, one from South Korea, one
from Australia, one from Estonia, the rest from China; (4)
race: six studies were Asian, five studies were European/
African/Oceanian; (5) endometriosis type: L, II, ITI, I'V: eight
studies, III, IV: three studies; (6) sample type: serum: six
studies, plasma: five studies; (7) test method: qRT-PCR. (8)
Standard parameters: U6: seven studies, and other param-
eters: four studies. We evaluated all included studies by the
QUADAS-2. The results are summarized in Fig. 4. On the
whole, the overall quality of the studies included was rela-
tively high.

According to QUADAS-2 criteria, the quality of eligi-
ble studies was assessed by the evaluator independently, as
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shown in Fig. 2. In general, most studies were considered to
be low risk for bias, they included ambiguous risks, index
testing, reference criteria etc. There are low potential risk
of bias such as patient selection, control population and the
applicability of the most of research.

Diagnostic accuracy of circulating miRNA
in endometriosis

The general sensitivity and specificity of the overall study
were 0.81 (95% CI1 0.76-0.85) and 0.77 (95% CI1 0.71-0.82)
(Fig. 3). The general PLR and NLR were 3.53 (95% CI
2.66-4.69) and 0.24 (95% CI 0.18-0.33) (Fig. 3). DOR
was 14.49 (95% CI 8.32-25.23) (Fig. 4). Area under SROC
curve was 0.86 (95% CI 0.83-0.89) (Fig. 5). Taking sensi-
tivity and specificity into account, the I* was 89.62% (95%
CI 87.41%-91.83%) and 81.72% (95% CI1 77.15%—-86.30%)
(Fig. 3). Fagan’s likelihood ratio square was used to
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Fig.3 Summary of sensitivity and specificity of forest plots for the whole study

determine the probability before and after different predic-
tions. When circulating non-coding RNA assays were per-
formed on all individuals with a 50% pretest probability of
endometriosis, the probability of a positive post-test finding
endometriosis increased to 78%, while the probability of a
negative result decreased to 20%. The HSROC curve was
constructed. The estimated values for the sensitivity and
specificity of the stratified profile operating points was 0.81
(95% CI10.76-0.85) and 0.77 (95% CI 0.71-0.82) (Fig. 6).
Therefore, circulating non-coding RNA can be used as a
non-invasive biomarkers to improve existing diagnostic
methods (Fig. 7, supplement Fig.1). The estimated value of
“f”” was 0.003 (95% CI — 0.324 to 0.33), the value of “z” was
0.02, and the value of “P” was 0.986, the value of “A” was
2.67, which meant that the SROC curve was symmetric. All
these results suggested that circulating non-coding RNAs
had high accuracy in distinguishing patients with endome-
triosis from those people without endometriosis (Fig. 7).

Regression analysis and sensitivity testing

To find potential sources of heterogeneity, we conducted
variable analysis of regression. There are many factors that
affect the sensitivity, including number of cases (30 or 30)
and control group (30 or 30), sample type (serum or plasma),
race, evaluation references (U6, others), confirmation results
(accurate and general), diagnostic method description
(detailed, rough) and several variables. Since most variables
might have a relatively large impact on the sensitivity, we
performed subgroup analysis based on these factors (Fig. 8).
Sensitivity test results were as followed (Fig. 9a—d). The
goodness of fit and bivariate normality analysis showed that
the bivariate model was moderately robust. Eight outliers
were identified by impact analysis. Three outliers were found
through outlier detection (Fig. 10).

@ Springer



1106

Archives of Gynecology and Obstetrics (2019) 300:1099-1112

udy
Studyld I DLR POSITIVE (25% CI
Jhana01a - Sahlaar 135
Wuan, B7-19.
Pateisky /2018 ! 2.07[1.15-373
Maged 2017 | ——— 71.22 [4.54- 1000.00]
s . SREEED
osar R . - R
Cosari2016 ]:—._ 16.33 .4&-??.15]]
W ang/2016 t 327 [202-5.15
W ang/2016 2 65 1,55-4,25J
Cho /2015 41.0 1[2.82-84 40]
(14,43 B . -
Rekked2015 2.53[1.41-4.59
Rekked2015 Z2A5[127-477
Rekket2015 | 167 [1.14-2.96
Rekket2015 2.42[1.42-4.10
Misenblat/2019 169 [1.21-2.27
Hisenblat/z01o | 4@ | 0.20[052-1.22
Hienblat/2019 | 157 [1.00-2.26
Hisenblat/z019 | 165[1.10-2.97
Nienblat/2019 1.40[0.92-2.13
Hisenblat/z019 | 1.31[091-1.88
Hisenblat/2019 | 1.61[1.00-2.26
Hisenblat/2019 | 1.00 [0.66-1.51
Hienblat/2019 1.00 [068-1.48
Hisenblat/z019 | 1.33 [0.91- 1.94]
Nisenblat/2019 y:’: 2428 [2.62-170.57
MiEenblat/z019 | 2488 [3.63-170.57
Hienblat/2019 1.00 [1.22-2.94]
Hisenblat/2019 182 [1.02-2.25
Hisenblat/2012 | 147 [095-2.25
Hisenblat/z019 1.94 [1.26- 3,00
Hisenblat/2019 g 5.04[2.32.10.67]
Hisenblat/2019 1.94[1.10-3.43
Hisenblat/2019 E 2 1.24 [0.86-2.00
Hisenblat/2019 | 1.14[0.72-1.81
netmans | e sl 2o
wang. X B81-8.
wnezg | TO 2981275 2
wan g, . A2 - K
wang/2013 $ 1708 [2.45- 117 47
wang/2013 17.92 [2 61- 122,06
R
wan g, R E4-6.
wang/2013 3.2ai1 ao-a.aﬂ
wang/2013 17 5 1[2.55-12 28]
Jiar2012 4.20 .91-9.2%
Jiai2012 7.00[1.79-27.39]
Suyanars iy
unrawansni . R -0
Suryawanshi/2013 — 80— 2.06([1.19-54.5
Sugawanshis‘2013 'I 2.20 12?-3.91]]
COMBINED + 3.53[2.66-4
| Q=406.74, df= .uo,;: 0.00
| [F= 25 23 [B5.28 - 00 63]

1000.0
DLR POSITIVE

Fig.4 PLR and NLR forest map of the overall study

Threshold effects and heterogeneity

ROC planes were used to evaluate threshold effects by rea-
son of differences between cutoff values. We generated the
ROC plane by Stata 15.0 and it did not display the atypi-
cal shoulder arm appearance, which indicated no thresh-
old effect. The heterogeneity of sensitivity and specificity
was 0.8962 (95% CI 0.8741-0.9183) and 0.8172 (95% CI
0.7715-0.8630). It showed obvious heterogeneity. Thus, a
meta-regression analysis was performed to explore potential
sources of sensitivity and specificity heterogeneity.

Publication bias
Deeks’ funnel plot symmetry test (Fig. 11) searched for
potential publication bias. In this study, the P value of lin-

ear regression was 0.19, which indicated no publication bias
[34].
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Discussion

The rapid development of a new generation of sequencing
technology had identified a large number of genes in the
process of expression disorders [35-37]. In recent years,
circulating non-coding RNAs had been identified as a regu-
lator of gene expression and played an important role in
the occurrence and development of endometriosis [38—41].
Since circulating non-coding RNA can be easily collected
from body fluids (such as plasma, serum, urine and secre-
tions) in a non-invasive manner, therefore, more and more
evidence implied that humoral-based circulating non-coding
RNAs could be the potential new non-invasive biomarkers
for the detection and diagnosis of endometriosis [23, 25-29,
31, 42-51]. Although three previous meta-analyses of the
diagnostic significance of circulating non-coding RNA in
endometriosis were published a few years ago, two of these
studies included more non-invasive markers that evaluated
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the scientific and practical diagnosis of endometriosis
and paid little attention to circulating non-coding RNAs.
Another paper analyzed the expression level of circulating
non-coding RNAs in various studies of endometriosis and its
possible diagnostic potential, and in spite of this, it failed to
provide comprehensive diagnostic data (overall sensitivity,
specificity and AUC etc.). To avoid the limitations of the
previous meta-analysis, we performed this meta-analysis.
We accurately identified the overall clinical potential of
circulating non-coding RNAs in the detection and diagno-
sis of endometriosis in a non-invasive manner. The pooled
overall sensitivity and specificity of this study were 0.81
(95% CI 0.76-0.85) and 0.77 (95% CI 0.71-0.82) (Fig. 3)
[45]. The I? for sensitivity and specificity was 89.62% (95%
CI 87.41%-91.83%) and 81.72% (95% C177.15%—-86.30%),
which indicated significant heterogeneity between these
studies. Thus, meta-regression analysis explored potential
sources of sensitivity and specificity heterogeneity. The race,
standard parameters, sample type, number of cases and con-
trols of the results had a significant impact on inter-study
heterogeneity (Fig. 8). The pooled PLR and NLR were 3.53
(95% CI 2.66—4.69) and 0.24 (95% CI 0.18-0.33) (Fig. 3).

@ Springer
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Fig.9 Impact analysis and
outlier detection (note: (a)
goodness of fit (b) bivariate
normality (c¢) impact analysis,
and (d) outlier detection.)
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DOR was 14.49 (95% CI: 8.32-25.23) (Fig. 4 [50, 52]. The
area under the SROC curve was 0.86 (95%CI 0.83-0.89),
and the estimated value of stratified profile operating points
for sensitivity and specificity were 0.81 (95% CI 0.76-0.85)
and 0.77 (95% CI 0.71-0.82). The estimated value of “f”
is 0.003 (95% CI —0.324 to 0.33), the value of “z” is 0.02,
and the value of P is 0.986, which meant that the SROC
curve is symmetric. The value of Lambda is 2.67 (95% CI
2.12-3.23). Fagan’s nomogram determined the post-test
probabilities generated by different predictive test prob-
abilities to explore the clinical value of cyclic non-coding
RNA. (Fig. 7). All these results indicated that circulating
non-coding RNAs has relatively high accuracy in the diag-
nosis of endometriosis compared to others.

Specificity(95% CI)
"p<0.05, **p<0.01, ***p<0.001

For comprehensive evaluation, some limitations of this
study should still be emphasized. First, although most eligi-
ble studies mentioned the stage of endometriosis, early-stage
diagnosis was not made by circulating non-coding RNAs.
Most non-coding RNAs remain to be identified. There may
be other classes of undiscovered RNAs, and most of their
functions are unknown [51]. Non-coding RNAs are involved
in numerous physiological and pathological processes.
Therefore, non-coding RNAs as diagnostic markers need to
be combined with clinical history, physical examination and
other auxiliary examinations to comprehensively determine
whether patients have this disease. Each included study has
its own cutoff value of demarcation standard, which can-
not achieve effective unification. The change in cutoff value

@ Springer
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Fig. 11 Deeks’ funnel plot symmetry test was used to assess publica-
tion bias

always results in sensitivity and specificity influencing each
other. Therefore, the validity of non-coding RNAs as bio-
logical diagnostic markers in a group of patients needs to be
verified again to establish a reasonable threshold standard.
Therefore, this study was not able to evaluate the difference
in the accuracy of early diagnosis of circulating non-coding
RNAs in patients with endometriosis at different stages. Sec-
ond, not all studies reported truncation values of circulating
non-coding RNAs, which largely led to potential sources
of heterogeneity. Third, the sample type was inconsistent,
including serum and plasma. Due to the limited size of each
study, a subgroup analysis of sample types could be explored.
Fourth, the studies included were not blind comparative test
studies, which means that there might be subjective judg-
ments that may result in poor quality in QUADAS-2. Despite
these limitations, our study is the most comprehensive meta-
analysis to assess the diagnostic value of circulating non-
coding RNAs in patients with endometriosis.

Conclusion

In summary, the results of this meta-analysis imply that cir-
culating non-coding RNAs are relatively accurate in distin-
guishing patients of endometriosis and provide comprehen-
sive precise evidence for circulating non-coding RNAs as
potential non-invasive biomarkers in detection and diagno-
sis. However, they are not the only diagnostic markers. We
need to comprehensively analyze the clinical information
and condition of patients. Furthermore, there is an urgent
need for well-designed prospective randomized controlled
and blind studies with large sample sizes in different popu-
lations to further confirm the scientificity and applicability
of our findings.
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