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ABSTRACT

Objectives: To assess the accuracy of the placental alpha microglobulin-1 (PAMG-1) to predict
preterm birth (PB) in women with symptoms of PB through use of formal methods for system-
atic reviews and meta-analytic techniques.

Methods: We performed a comprehensive search of medical bibliographic databases to identify
observational studies that reported on the predictive accuracy of PAMG-1 for PB. Two investiga-
tors independently assessed studies, assessed quality of studies, and extracted data. Summary
receiver operating characteristic (SROC) curves, pooled sensitivities, specificities, likelihood ratios
(LR), and diagnostic odds ratio (DOR) were generated.

Results: Seventeen studies involving 2590 women met the inclusion criteria. Meta-analysis of 15
studies (including 1906 women) revealed a pooled sensitivity of 66.2% (95% Cl: 59.1, 72.7) and
specificity of 96.1% (95% Cl: 95.1, 97.0) with the SROC equal to 0.97 (95% Cl: 0.95, 0.98) for pre-
diction of delivery within 7d of testing. The summary estimates were 15.26 (95% Cl: 11.80,
19.75) for LR+ and 0.31 (95% Cl: 0.17, 0.55) for LR — for prediction of delivery within 7d of test-
ing. Pooled estimate of DOR for predicting delivery within 7d of testing was 55.13 (95% ClI:
35.32, 86.06). The sensitivity, specificity and the SROC of PAMG-1 pooled from 10 studies (includ-
ing 1508 women) for prediction of delivery within 14d of testing were 64.4% (95% Cl: 56.8,
71.5), 96.9% (95% Cl: 95.8, 97.7) and 0.97 (95% Cl: 0.95, 0.98). The overall pooled LR+ and
LR — of PAMG-1 for predicting delivery within 14d of testing among the included studies were
16.72 (95% Cl: 12.03, 23.23) and 0.42.1 (95% Cl: 0.31, 0.56), respectively. The pooled DOR of the
PAMG-1 for prediction delivery within 14d of testing was equal to 44.65 (95% Cl: 26.30, 75.78).
Conclusion: Cervical PAMG-1 had a high accuracy to predict PB within 7 and 14d of testing in

ARTICLE HISTORY
Received 29 September 2018
Revised 10 October 2019
Accepted 24 October 2019

KEYWORDS

Biomarker; placental alpha
macroglobulin-1; predictive
value; prematurity;
preterm labor

symptomatic pregnant women.

Introduction

Preterm birth defined as delivery at the pregnancy
age 23-37 completed weeks is a major cause of neo-
natal mortality and morbidity worldwide; its preva-
lence is 6-10% [1]. The annual cost of the preterm
birth (PB) would impose heavy expenses on the health
economics of each country in addition to neurodeve-
lopmental impairments among surviving babies [2].
On the other hand, unnecessary admission of preg-
nant women with false PB, even if it does not result in
any intervention, would cause financial burden [3]. A
reliable test that helps diagnose true PB would,

therefore, reduce additional costs. There are several
tests of various accuracies for predicting spontaneous
PB used in women who present with symptoms sug-
gestive of spontaneous PB such as biophysical markers
(digital cervical exam for evaluating cervical dilation
and transvaginal ultrasound for measuring cervical
length) and biomarkers including quantitative and
qualitative fetal fibronectin (fFN) in vaginal secretions
and phosphorylated insulin-like growth factor binding
protein 1 (phIGFBP-1) [4]. Lee et al. reported that posi-
tive placental alpha microglobulin-1 (PAMG-1) in cervi-
covaginal discharge of patients with clinically intact
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membranes (sterile speculum) could predict reliably
the delivery within 7d of initial test in women pre-
sented with suspicious membrane rupture [3-5].

Current practice regarding tests for predicting spon-
taneous PB varies widely. We also encounter lacking
consensus about the best testing policy [6]. In 2014,
Nikolova et al. reported that the inflammatory proc-
esses associated with impending labor and delivery
allow trace amounts of PAMG-1, or levels of PAMG-1
less than those typically associated with the visual
presence of amniotic fluid in the vaginal cavity, to
pass in to the vaginal cavity through micro-
perforations or preexisting pores in the amniotic
membranes [7]. A newly developed bedside test kit
optimized for PAMG-1 detection in this scenario has
been made commercially available under the trade
name PartoSure™ time-to-delivery (TTD) test [8].
PAMG-1 in cervical secretions could identify symptom-
atic women at risk of PB. Since then, several authors
have reported that cervical PAMG-1 can accurately
predict PB in women with an episode of PB and intact
membranes and compared to cervicovaginal fFN, it is
not affected by recent sexual intercourse or contamin-
ation with urine, have lower costs and faster testing
[7,9-12]. There was no consensus about cervical
PAMG-1 and PB, and there has not been a systematic
review in its current practice. So, we carried out a sys-
tematic review to assess the accuracy of cervical
PAMG-1 to predict PB in women with symptoms
of PB.

Materials and methods

This review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines and in accordance with recommended
methods for systematic reviews of diagnostic test
accuracy [13].

Selection criteria for studies

The review included diagnostic epidemiologic (cohort
and cross-sectional) studies that reported the accuracy
of the PAMG-1 to predict imminent spontaneous PB in
patients with threatened PB. The reference standard
outcomes considered delivery within 7 and 14d of
testing in symptomatic women. Studies were excluded
if any of the following applied: (1) they were case-
control, reviews, case series, case report, editorials, or
letters to editor, (2) they assessed PAMG-1 in women
with suspected or established preterm premature rup-
ture of membranes, (3) they predicted PB in women

with twin or more gestation, (4) they did not report
sufficient information to calculate accuracy test esti-
mates or did not allow construction of 2 x 2 contin-
gency tables. If there were duplicate publications, the
most complete version or the paper with the highest
number of subjects would be included. There were no
language restrictions.

Literature search

We undertook a comprehensive search for all pub-
lished original articles and abstracts on PAMG-1 for
the prediction of PB using the Embase, PubMed,
Scopus and Web of Science bibliographic databases.
Our search was restricted to the time period 1
October 2014 to 15 October 2019, since the first study
about accuracy of PAMG-1 was introduced in October
2014. We also checked the citation lists of relevant
publications and included studies. We hand-searched
references of identified selected articles for additional
relevant citations. In addition, we contacted investiga-
tors and specialists in the field for possible unpub-
lished research on the topic and additional relevant
citations. No further limitations were made in order to
be as sensitive as possible. The search was modified
for Web of Science, Embase, and Scopus using their
subject headings instead of the MeSH subject head-
ings. Search details are available in Appendix S1 in the
supplementary material.

Study selection and data extraction

All citations identified by bibliographic databases were
downloaded in to Endnote software version 19 (the
Thompson Corporation, New York, NY). The citations
were organized, duplicates deleted, and each citation
was assigned by a unique identification number.
Initially, two investigators (MS and AAH) independ-
ently assessed titles and abstracts to select potentially
relevant citations. The studies were scrutinized using
predefined eligibility criteria (see aforementioned text).
Any citation identified by either review author was
selected for full-text review. Discrepancies were
resolved through discussion between the review
authors or arbitration by a third review author (RP). All
selected articles were read and abstracted by the two
review authors (MS and AAH) using a prepiloted struc-
tured data extraction specifically created for this sys-
tematic review and crosschecked to ensure accuracy.
Studies that did not report sufficient information to
calculate accuracy-test estimates were excluded if no
further information was acquired after two attempts
to contact the study’'s authors. The following data
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were extracted from each article: (i) general character-
istics of the study, such as authors, setting, publication
year, population, sample size and design; (ii) inclusion/
exclusion criteria for patients entering study; (iii) test
characteristics (gestational age at testing, laboratory
methods used); (iv) reference standard outcomes; and
(v) data to calculate accuracy estimates (true positive,
false positive, true negative, and false negative). When
accuracy estimates data were not reported, we recal-
culated them from the reported results.

Assessment of methodological quality

Included studies were critically appraised by two
review authors (MS and AAH) using a priori criteria
based on a modified version of the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS)-
2 tool, a validated tool for diagnostic studies [14]. A
description of the items and the interpretation in the
context can be found in Appendix S2 in the supple-
mentary material.

Statistical analysis and data synthesis

Data from included studies were synthesized for symp-
tomatic women with threatened PB and stratified
according to the reference standard outcomes consid-
ered delivery within 7 and 14d of testing. Data
abstracted from each included study were arranged in
2 x 2 contingency table included true positive, false
positive, true negative, and false negative. Accuracy
for each study was determined by sensitivity, specifi-
city, positive predictive value (PPV), negative predictive
value (NPV), positive or negative likelihood ratios (LR)
and diagnostic odds ratio (DOR) with 95% confidence
intervals (Cls). Accuracy estimates with 95% Cls were
pooled using bivariate random-effects models
(Metandi package in Stata) [15]. Summary and individ-
ual estimates were also presented graphically with the
95% Cls and prediction region by summary receiver
operating characteristic (SROC) curves for each prede-
fined reference standard outcome (delivery within 7
and 14d of testing). The results of the included stud-
ies were tested for statistical heterogeneity by visual
examination of both forest plots and SROC plots, and
by means of the quantity /°. Statistical heterogeneity
was considered substantial /> value exceeded 40%.
The statistical analyses were performed using Stata/SE
13.0 for Windows (Stata Corporation, College Station,
TX) and Meta-DiSc for Windows package.
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Results
Selection, characteristics, and quality of studies

A total of 252 potentially relevant records were identi-
fied through database searching (89 from PubMed, 70
from Embase, 59 from Scopus, and 34 from Web of
Science) and 11 additional records were identified
through other sources (Figure 1). After removing 73
duplicate records, the titles and abstracts for 173
remained records were assessed for eligibility. In the
first screening (abstracts/titles), 128 citations were
excluded, and 45 underwent full-text evaluation. After
excluding 28 records based on full-text articles, 17
studies involving 2590 women were included in the
systematic review. Table 1 shows the main characteris-
tics of the 17 studies included [7-12,16-27]. There
were 16 prospective [7-11,16-20,23-28] and one
retrospective cohort studies [21]. Four of the studies
were performed in Russia [9,11,16,17], one in
Macedonia [10], two in Macedonia and Russia [7,8],
one in Macedonia, Russia and Finland [26], one in
Turkey [19], one in United Arab Emirates [24], two in
Belgium [18,23], one United Kingdom [20], one in USA
[28], one in Thailand [27] and one in Spain [21]. The
sample sizes varied from 35 [18] to 635 [28] symptom-
atic women. All studies were limited to women with
singleton gestation and intact membranes. All studies
used a concentration > 1 g/l to indicate an abnormal
test result. Ten studies (58.82%) reported data for
more than one reference standard outcome. Many
studies did not report all factors that could affect
methodological quality. Nevertheless, most of studies
were classified as low risk of bias. The most prevalent
shortcomings were the method of sampling of
patients, the lack of information regarding blinding of
outcome assessor and withdrawal of patients.

PAMG-1 in symptomatic women for prediction of
delivery within 7 d of testing

Fifteen studies were included in the bivariate random-
effects models; with a total of 1906 samples that
included 198 (10.38%) confirmed delivery within 7d of
testing. Meta-analysis revealed a pooled sensitivity of
66.2% (95% Cl: 59.1, 72.7; Figure 2(A)) and specificity
of 96.1% (95% Cl: 95.1, 97.0; Figure 2(B)) with an area
under the SROC curve equal to 0.97% (95% Cl: 0.95,
0.98; Figure 2(C)). Results were largely homogenous,
with a small proportion of studies being outliers
(Sensitivity XZ =21.19, p =.096, inconsistency
I =33.9%; Specificity y*>=18.7, p=.170, inconsistency
I =25.8%). The summary estimates were 15.26 (95%
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Figure 1. Study flow diagram.

Cl: 11.80, 19.75) for LR+and 0.31 (95% Cl: 0.17, 0.55)
for LR— (Figure 2(D,E)). Pooled estimate of DOR of cer-
vical PAMG-1 for delivery within 7d of testing was
55.13 (95% Cl: 35.32, 86.06). There was no graphical
and statistical heterogeneity and inconsistency of DOR
between the studies (DOR X2:8.45, p =.864, incon-
sistency 12 = 0%; Figure 2(F)).

PAMG-1 in symptomatic women for prediction of
delivery within 14 d of testing

Ten studies were included in the bivariate random-
effects models; with a total of 1508 samples that
included 174 (11.53%) confirmed delivery within 14d
of testing. The sensitivity and specificity of PAMG-1
pooled from 10 studies were 64.4% (95% Cl: 56.8,
71.5; Figure 3(A)) and 96.9% (95% Cl: 95.8, 97.7; Figure
3(B)). Heterogeneity was high for the pooled sensitivity
(x*=27.9, p=.001, inconsistency I*=67.7%) and low
for the pooled specificity (y>=8.39, p =.495, inconsist-
ency *=0%). The overall pooled LR+and LR—of

PAMG-1 for predicting delivery within 14d of testing
among the included studies were 16.72 (95% Cl: 12.03,
23.23) and 0.42.1 (95% CI: 031, 0.56), respectively
(Figure 3(C,D)). However, moderate heterogeneity was
observed for LR— (x2:15.82, p=.071, inconsistency
> =43.1%), but there was no statistically significant
heterogeneity between studies with respect to LR+
(1> =6.79, p=.659, inconsistency I*=0%). As shown
in Figure 3(E), the pooled DOR of the PAMG-1 for
delivery within 14d of testing was equal to 44.65
(95% Cl: 26.30, 75.78; y*=10.29, p=.327, inconsist-
ency =12.6%). The SROC curves showed that the
cervical PAMG-1 had a noticeable predictive ability for
delivery within 14d of testing (0.97, 95% Cl: 0.95, 0.98;
Figure 3(F)).

Discussion

Our review on 17 studies showed that the cervical
PAMG-1 has a very high specificity, LR+and DOR to
predict PB within 7 and 14d of testing. For the
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Figure 2. Pooled estimates of diagnostic indices for predicting spontaneous preterm birth within 7d of testing using placental
alpha microglobulin-1 (PAMG-1); (A) sensitivity, (B) specificity, (C) summary receiver operating characteristic curve, (D) positive like-
lihood ratio, (E) negative likelihood ratio, (F) diagnostic odds ratio.

detection of PB within 7d of testing, pooled bivariate
analyses from 1906 samples (198 confirmed deliveries)

DOR of 44.65 (95% Cl: 26.30, 75.78). A meta-analysis in
2016 evaluated the effect of fetal fibronectin test in

demonstrated a sensitivity of 66.2% (95% Cl: 59.1,
72.7), specificity of 96.1% (95% Cl: 95.1, 97.0), LR 4 of
(95% CI: 11.80, 19.75), and DOR of 55.13 (95% Cl:
35.32, 86.06). For the detection of PB within 14d of
testing, pooled bivariate analyses from 1508 samples
(174 confirmed deliveries) demonstrated a sensitivity
of 64.4% (95% Cl: 56.8, 71.5), specificity of 96.9% (95%
Cl: 95.8, 97.7), LR+ of 16.72 (95% Cl: 12.03, 23.23), and

the prevention of PB in singleton pregnancies and
concluded that fetal fibronectin testing was not associ-
ated with the prevention of PB or improvement in
perinatal outcome and even is associated with higher
costs [29]. The question now arises is that it is not
time to put fetal fibronectin out? Based on the conclu-
sion of George A, continued use of fetal fibronectin in
women with threatened PB is not reasonable [30].
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Figure 2. Continued.

In the meta-analysis that was performed on cervical
phosphorylated insulin-like growth factor binding pro-
tein-1 (phIGFBP-1) test in 2017, it was found the over-
all predictive ability of phlGFBP-1 test for the
identification of women at risk for PB is limited and
according to available literature they mentioned that
there was no sufficient evidence to recommend the
routine clinical use of cervical phIGFBP-1 test in

women with or without symptoms of PB [6]. Contrary
to above meta-analysis that found FFN and phIGFBP-1
can be disappointing, our study suggests that PAMG-1
is an accurate predictor of PB. In our opinion, in the
future this test may be known as a bedside, noninva-
sive and accurate test for predicting PB.

So far, the number of studies conducted on other
markers (FFN and phIGFBP-1) is high, and those
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Figure 2. Continued.

markers have been studied in both symptomatic and
asymptomatic individuals. However, the number and
variety of studies on PAMG-1 are low. In our opinion,
PAMG-1 should also be evaluated in asymptomatic
women who are high risk for spontaneous PB. It
seems that doing this test will not be cost-effective in
all asymptomatic low-risk pregnant women. However,
use of the test in women who are considered to be at
high risk for PB according to other criteria, such as a
previous history of PB and uterine fibroids, accurate
prediction of PB and timely admission and interven-
tions, will prevent neonatal morbidity and mortality.
Anyway, future studies should focus on dispensable
costs associated with evaluation of PB in both high
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Random Effects Model

Pooled Negative LR = 0.31 (0.18 to 0.55)
Cochran-Q = 114.09; df = 14 (p = 0.0000)
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Diagnostic OR (95% CI)

Bolotskikh. 2017
Nikolova. 2014

463.89 (23.52 - 9,147.60)
136.80 (24.53 - 762.76)

Nikolova. 2015 70.67 (24.33-205.26)
Hadzi-Lega. 2017 46.00 (4.44 - 476.11)
Konoplyannikov. 2016 34.80 (5.51-219.71)
Caroline. 2015 4350 (2.99-633.60)

Lou. 2016
Van Holsbeke. 2016
Fatkullin. 2016

128.82 (6.37 - 2,605.93)
66.00 (4.57-953.24)
113.40 (4.50 - 2,857.44)

Cekmez. 2017 36.44 (7.89 - 168.36)
Lotfi. 2017 101.67 (13.76 - 751.41)
Nikolova. 2018 64.69 (23.51-178.02)
Ravi. 2019 44.00 (3.06 - 632.04)
Santipap. 2018 12.81 (2.35-69.94)
Melchor, 2018 31.27 (8.69-112.59)

Random Effects Model

Pooled Diagnostic Odds Ratio = 55.14 (35.33 to 86.06)
Cochran-Q = 8.45; df = 14 (p = 0.8644)

Inconsistency (I-square) = 0.0 %

Tau-squared = 0.0000

risk and low-risk women. As described by Romero,
inflammatory process is one of the mechanisms that
lead to leakage of PAMG-1 into cervicovaginal secre-
tions duo to weakness or micro-perforation in mem-
brane [5]. Although the prevalence of infections and
inflammation in women with spontaneous PB is
higher, all women who have inflammation and infec-
tion will not get PB; thus, the positive test in these
women may reduce the PPV of the test. The other
possible mechanism is transudation of amniotic fluid
secondary to increase intrauterine pressure [5].
Considering this mechanism, some factors such as pol-
yhydramnios and station of fetal head may affect the
result of PAMG-1 test.
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Figure 3. Pooled estimates of diagnostic indices for predicting spontaneous preterm birth within 14d of testing using placental
alpha microglobulin-1 (PAMG-1); (A) sensitivity, (B) specificity, (C) positive likelihood ratio, (D) negative likelihood ratio, (E) diagnos-
tic odds ratio, (F) summary receiver operating characteristic curve.

Strengths and limitations

The strengths of our study were as follows: (1) Valid
guidelines were used for conducting and reporting of
systematic reviews of predictive test accuracy; (2) an
extensive literature search was carried out without

language restrictions and contacts were established
with field experts; (3) overall, studies included for the
assessment of diagnostic accuracy were fairly homoge-
neous; (4) all studies evaluated symptomatic women
with intact amniotic membrane and all studies consid-
ered the same outcome; (5) the strict study quality
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Figure 3. Continued.
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assessment was done using a modified version of
QUADAS-2; (6) the rigorous statistical methods were
used to obtain summary measures of predictive accur-
acy. The limitations of our study were: (1) despite the
fact that in all reviewed studies the inclusion criteria
were well-defined, a number of studies did not list the
exact exclusion criteria; (2) though it seems that all
studies evaluated spontaneous (not iatrogenic) PB, but
some studies have not exactly mentioned iatrogenic
PB as an exclusion criterion; (3) there was no detailed
information on the type of therapeutic interventions
such as tocolytic drugs, magnesium sulfate and beta-
methasone in women who had positive tests. These
interventions could affect the outcomes; (4) in all the
reviewed studies, prediction of spontaneous PB within
7 and 14d of testing was evaluated while they did
not consider PB before 37 and 34weeks except
one study.

Conclusions

Our review showed that the cervical PAMG-1 had a
high specificity and relatively high sensitivity to pre-
dict PB within 7 and 14d of testing in symptomatic
pregnant women.
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