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multiple pregnancies: a systematic review and meta-analysis

AGUSTIN CONDE-AGUDELO!, & ROBERTO ROMERO%>

! Perinatology Research Branch, Eunice Kennedy Shriver National Institute of Child Health and Human Development/National
Institutes of Health/Department of Health and Human Services, Bethesda, MD and Detroit, MI, USA, 2Center for Molecular
Medicine and Genetics, Wayne State University, Detroit, MI, USA, and >Department of Obstetrics and Gynecology, Wayne State
University/Hutzel Women’s Hospital, Detroit, MI, USA

(Received 16 August 2009; revised 2 June 2010; accepted 4 Fune 2010)

Abstract

Objective. To investigate the accuracy of cervicovaginal fetal fibronectin in predicting preterm birth in women with multiple
pregnancies.

Methods. Systematic review and meta-analysis of predictive test accuracy. Cohort or cross-sectional studies were identified
through searches in databases, reference lists, proceedings, and reviews. Study selection, quality assessment, and data
extraction were performed. We constructed summary receiver operating characteristic curves and calculated pooled
sensitivities and specificities using a bivariate, random-effects meta-regression model. We also calculated summary likelihood
ratios and post-test probabilities of preterm birth.

Results.  Fifteen studies (11 in asymptomatic women and 4 in women with symptoms of preterm labor) involving 1221
women with multiple pregnancies were included. Among asymptomatic women with multiple or twin pregnancies, the
pooled sensitivities, specificities, and positive and negative likelihood ratios for predicting preterm birth before 32, 34, and 37
weeks’ gestation ranged from 33% to 45%, 80% to 94%, 2.0 to 5.5, and 0.68 to 0.76, respectively. Among women with twin
pregnancies and threatened preterm labor, the test was most accurate in predicting spontaneous preterm birth within 7 days
of testing (pooled sensitivity, specificity, and positive and negative likelihood ratios of 85%, 78%, 3.9, and 0.20, respectively).

Conclusions. Cervicovaginal fetal fibronectin provides moderate to minimal prediction of preterm birth in women with
multiple pregnancies. The test is most accurate in predicting spontaneous preterm birth within 7 days of testing in women

with twin pregnancies and threatened preterm labor.

Keywords: Multiple pregnancy, twin pregnancy, preterm labor, prematurity, twins

Introduction

Preterm birth is the leading cause of perinatal morbidity
and mortality worldwide [1]. In the United States, the
preterm birth rate has risen from 9.4% in 1981 to 12.8% in
2006 [2]. This increase has been linked to rising indicated
preterm births in singletons [3] and preterm delivery of
artificially conceived multiple pregnancies [1].

The number of multiple births has increased over the last
several decades in the United States. From 1980 to 2006, the
multiple birth rate increased 75% from 19.3 to 33.7 per 1000
live births [2]. The increase in multiple births, particularly
higher order multiples, has been attributed to older age at
childbearing and the growing availability and use of assisted
reproductive technologies (ART) such as . vitro fertilization,
and other non-ART fertility treatments such as ovulation-
inducing drugs and intrauterine insemination [4].

Babies born from multiple pregnancies are more likely to
be born prematurely than those from single pregnancies.
Martin et al. [2] have recently reported that the percent of
singletons born less than 37 weeks of gestation was 11.1%

compared to that of multiples at 61.9%. The rate of
preterm birth less at than 32 weeks of gestation was much
more common among multiples (13.3%) than among
singletons (1.6%).

The identification of women with multiple pregnancies
who are at higher risk for preterm birth could lead to
intensified maternal and fetal surveillance as well as earlier
interventions that could decrease the severity of adverse
perinatal outcomes associated with preterm birth in such
women. Several tests have been proposed to predict
spontaneous preterm birth in multiple pregnancies, in-
cluding cervicovaginal fetal fibronectin testing [5]. Fetal
fibronectin is a glycoprotein produced in fetal tissues that is
mainly found in amniotic fluid, placental tissue, and the
extracellular substance of the decidua basalis next to the
placental intervellous space. Fetal fibronectin acts as a
‘cellular glue’ and is believed to mediate implantation and
placental-uterine attachment throughout gestation [6].
Fetal fibronectin can be measured in cervicovaginal
secretions early in pregnancy and at term, but is rarely
detectable between 20 and 37 weeks’ gestation in normal
pregnancies that are delivered at term [7]. It has been
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postulated that damage to the fetal membranes may release
fetal fibronectin into the cervix and vagina [8]. This
proposed pathway for release has led to the hypothesis that
measurement of fetal fibronectin in cervicovaginal secre-
tions might be used as a predictive test for preterm labor.

Previous meta-analyses [9-14] have concluded that
cervicovaginal fetal fibronectin testing might be clinically
useful in the prediction of preterm birth, with an emphasis
given to the high negative predictive value of the test,
particularly in women who are symptomatic of threatened
preterm labor and delivery within 7-10 days of sampling.
However, only one meta-analysis reported on the pre-
dictive accuracy of fetal fibronectin for preterm birth in
asymptomatic women with multiple pregnancies [14]. The
literature search for this review was done in March 2002.
Since then, substantial new evidence has emerged,
allowing for more robust and specific inferences for clinical
practice.

We undertook a systematic review and meta-analysis of
all available studies to investigate the accuracy of cervi-
covaginal fetal fibronectin in predicting preterm birth in
women with multiple pregnancies.

Methods

The systematic review was conducted following a pro-
spectively prepared protocol and reported using widely
recommended guidelines for systematic reviews of diag-
nostic test accuracy [15].

Literature search

We searched PubMed, Embase, Cinahl, Lilacs, and
Medion (all from inception to 30 September 2010), using
a combination of keywords and text words related to
fibronectin and preterm birth. Proceedings of the Society
for Maternal-Fetal Medicine and international meetings
on preterm birth and twin or multiple pregnancy, reference
lists of identified studies, textbooks, previously published
systematic reviews, and review articles were also searched.
In addition, we contacted investigators involved in the field
to locate unpublished studies. No language restrictions
were applied. All searches were carried independently by
the two authors and results were merged. For studies that
resulted in multiple publications, the data from the
publication with the largest sample size were used and
supplemented if additional information appeared in the
other publications.

Study selection

The systematic review focused on cohort or cross-sectional
studies that evaluated the accuracy of cervicovaginal fetal
fibronectin testing to predict spontaneous preterm birth in
asymptomatic or symptomatic pregnant women with multi-
ple pregnancies. The studies had to provide the necessary
information to construct 2 x 2 tables. Unless data for
multiples were extractable separately, studies basing their
results on mixed (singleton and multiple) pregnancies were
not considered for inclusion in the review.

Case—control studies were excluded because they over-
estimate predictive accuracy [16]. Studies were also exclu-
ded if they were case series or reports, editorials, comments
or reviews without original data, or if accuracy test
estimates were not published and sufficient information

to calculate them could not be retrieved despite writing to
the corresponding author.

All published studies deemed suitable were retrieved
and reviewed independently by the two authors to deter-
mine inclusion. Disagreements were resolved through
consensus.

Quality assessment

We generated the quality assessment criteria for evaluating
studies included in the review by using 4 of the 14 items of
the QUADAS (Quality Assessment of Diagnostic Accuracy
Studies) tool [17]. Each item was scored as ‘yes’, ‘no’, or
‘unclear’. The remaining 10 QUADAS items were not
used because they were not relevant to our review.

The items of the QUADAS tool evaluated in studies
included in the systematic review and their interpretation
were as follows:

1. Representative spectrum of patients: this item was
scored ‘yes’ when pregnant women with multiple
pregnancies were consecutively selected in a prospective
way. Convenience sampling, such as arbitrary recruit-
ment or nonconsecutive recruitment, was scored as
‘no’.

2. Description of the test: if the study reported sufficient
details of the execution of the fetal fibronectin test, such
as the particular laboratory or analytical method used
and cut-off level for an abnormal result, then this item
was scored as ‘yes’. In other cases, this item was scored
as ‘no’.

3. Blinding of index test result: this item was scored ‘yes’ if
the study clearly stated that clinicians managing the
patient did not have knowledge of the fetal fibronectin
test results. If this did not appear to be the case, this
item was scored as ‘no’.

4. Reporting of study withdrawals: in case there were
withdrawals from the study, this item was scored as ‘yes’
if withdrawals were explained or if a flow diagram of
study participants was reported. If it appeared that some
of the participants who entered the study did not
complete the study and these patients were not
accounted for, then this item was scored as ‘no’.

If there was insufficient information available to make a
judgment of these items, then they were scored as
‘unclear’. We did not calculate a summary score estimating
the overall quality of an article since the interpretation of
such summary scores is problematic and potentially
misleading [18].

The methodological quality of included studies was
assessed individually by the two reviewers who were not
associated with any of the studies. When differences of
opinion existed, a consensus was reached.

Data extraction

Potentially relevant articles were acquired and data were
extracted in duplicate from all reports and recorded on a
piloted form independently by the two reviewers. There
was no blinding of authorship. Information was extracted
on study characteristics (recruitment of women, prospec-
tive or retrospective data collection, blinding of test results,
completeness of follow-up, and reporting of withdrawals),
participants (inclusion and exclusion criteria, number of



pregnant women with twins, triplets, quadruplets, and
higher order pregnancies, demographic characteristics, and
country and date of publication), and description of fetal
fibronectin test (gestational age at sampling, frequency of
test, sampling site, analytical method used, and cut-off
level).

We then extracted numbers of true positive, false
positive, true negative, and false negative results separately
for studies of asymptomatic women with multiple (twins,
triplets, quadruplets, or higher order) and twin pregnan-
cies, and women with twin pregnancies and threatened
preterm labor. When predictive accuracy data were not
extractable, we attempted to contact the corresponding
author by e-mail to obtain the additional data.

In studies where serial fetal fibronectin samples were
collected, we considered any positive result as a positive
result overall. Studies reporting spontaneous preterm birth
before 35 weeks’ gestation were included into the group of
studies with spontaneous preterm birth before 34 weeks’
gestation in our data synthesis because of the relatively
similar neonatal outcomes. In the same way, studies
reporting spontaneous preterm birth before 36 weeks’
gestation were considered with those reporting sponta-
neous preterm birth before 37 weeks’ gestation.

All the data were extracted independently by the two
reviewers and any disagreements were resolved by discus-
sion among them.

Stauistical analysis

Data were synthesized separately for studies on asympto-
matic women with spontaneous preterm birth before 32,
34, and 37 weeks’ gestation. For women with twin
pregnancies and threatened preterm labor, we synthesized
data for spontaneous preterm birth before 34 and 37
weeks’ gestation, and within 7-14 days of testing.

Data extracted from each study were arranged in 2 x 2
contingency tables. When these tables contained cells for
which the value was 0, we added 0.5 to those cells to allow
for the calculation of variances [19]. We calculated the
sensitivity and specificity for each study and plotted them
in receiver operating characteristic (ROC) plots. Then we
constructed summary ROC curves for each outcome using
a bivariate random-effects approach [20] and calculated
area under the summary ROC curve with their correspond-
ing 95% confidence intervals (CIs) [21]. This measure
allows comparing predictive accuracy of the test for
different outcomes. Two-sided p < 0.05 was considered
to be statistically significant.

A bivariate, random-effects meta-regression model was
used to calculate pooled estimates of sensitivity and
specificity with 95% CIs [20]. The bivariate model
incorporates and estimates the correlation that might exist
between estimates of sensitivity and specificity within
studies, which allows producing more valid results. There-
after, we derived likelihood ratios with 95% ClIs from the
pooled sensitivities and specificities for each outcome
reported [22]. Likelihood ratios indicate by how much a
given test result raises or lowers the probability of having
the disease and thus allows interpretation of the results in
terms of clinical importance [23]. The likelihood ratio of a
positive test is the ratio of the probability of a positive fetal
fibronectin test result in women who subsequently have a
spontaneous preterm birth to the probability of the positive
fetal fibronectin test result in women who subsequently do
not have a preterm birth (sensitivity/1 — specificity). The
likelihood ratio of a negative test is the ratio of the
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probability of a negative fetal fibronectin test result in
women who subsequently have a spontaneous preterm
birth to the probability of the negative fetal fibronectin test
result in women who subsequently do not have a preterm
birth ([1 — sensitivity]/specificity). Likelihood ratios for a
positive test result above 10 and likelihood ratios for a
negative test result below 0.1 have been noted as providing
convincing predictive evidence. Moderate prediction can
be achieved with likelihood ratio values of 5-10 and 0.1-
0.2, whereas those below 5 and above 0.2 would give only
minimal prediction [23].

We used likelihood ratios generated from meta-analyses
to determine post-test probabilities of spontaneous preterm
birth before 32, 34, and 37 weeks’ gestation, and within 7
and 14 days of testing for positive and negative fetal
fibronectin test results as follows [23]:

Post-test probability of preterm birth
_ Likelihood ratio x pretest probability
" [1 — pretest probability x (1 — Likelihood ratio)]

Estimates of pretest probabilities of preterm
birth <32, <34, and <37 weeks’ gestation, and within 7
and 14 days of testing were obtained from the global
prevalence of these outcomes across the studies.

Heterogeneity of the results among studies was investi-
gated through visual examination of forest plots of
sensitivities and specificities, and ROC plots. In addition,
heterogeneity was assessed by means of the quantity I,
which describes the percentage of total variation across
studies that is due to heterogeneity rather than chance [24].
Statistical heterogeneity was defined as an I statistic value
of 50% or more [24]. We explored potential sources of
heterogeneity by performing meta-regression analysis of
subgroups defined a prior: [25]. These were study setting
(those conducted in the United States oversus those
conducted in other countries), sample size (<100
versus >100 in studies of asymptomatic women and <50
versus >50 in studies of symptomatic women), the study’s
year of publication (before 2000 versus at or after 2000),
pregnancy plurality (studies in multiples versus studies in
twins), method for measuring fetal fibronectin (quantita-
tive wversus qualitative), and sampling frequency (single
versus serial). In addition, we planned to examine the
impact of study quality on estimation of predictive
accuracy according to individual quality items and an
overall quality level incorporating these items (those that
met all 4 methodological criteria versus those that met <4
criteria).

We assessed publication and related biases visually by
examining the symmetry of funnel plots (log diagnostic
odds ratios versus the inverse of variance) and statistically
by using the Egger’s regression test [26]. p < 0.1 indicated
significant asymmetry.

The bivariate models were fitted using the NLMIXED
procedure (SAS 9.1 for Windows [SAS Institute, Inc.,
Cary, NC]) The summary ROC curves were constructed
using the RevMan (Review Manager) 5.0.20. The remain-
ing analyses were performed using SPSS version 15.0
(SPSS Inc, Chicago, IL).

Results

Figure 1 shows details of the search strategy. Of the 464
articles identified through the searches, we retrieved
the full text of 251 articles for more detailed evaluation.



1368 A. Conde-Agudelo & R. Romero

464 Studies identified and
screened for retrieval
from searches

213 Excluded after screening
L titles and/or abstracts

251 Retrieved for more detailed evaluation
249 From electronic search
2 From conference proceedings

236 Excluded

89  Only included singletons or number
of fetuses unspecified

80 review, letter, commentary or
editorial

— 51 Not a test accuracy study

11  Data not extractable separately for
singletons and multiples

3  Duplicate publication

2 Women with cervical cerclage

A4
15 Studies included in meta-analysis
11 Studies on asymptomatic women (1,009 women)
4 Studies on symptomatic women (212 women)

Figure 1. Study selection process.

Two-hundred thirty-six studies were excluded, mainly
because they did not include multiple pregnancies (37%)
or lacked original data (34%). A total of 15 studies (11
providing data on asymptomatic women and 4 on women
with symptoms of preterm labor) involving 1221 women
with multiple pregnancies (1133 twins, 57 triplets, 2
quadruplets, and 29 unspecified) met the inclusion criteria
for the review [27-41]. Agreement regarding inclusion of
the studies was 100% (x =1.00).

The main characteristics of included studies are depicted
in Table I. Ten studies (67%) were performed in the
United States [28,29,32,33,35-39,41], and one each in
Italy [27], Sweden [30], Brazil [31], United Kingdom [34],
and France [40]. The sample size ranged from 29 [28] to
169 [36] in asymptomatic women and from 38 [38] to 87
[41] in symptomatic women. Cervicovaginal fetal fibro-
nectin was measured using enzyme-linked immunoabsor-
bent assay quantitative method (nine studies [28-
30,33,35-39]), membrane immunoassay qualitative meth-
od (three studies [27,31,34]), and rapid TLi system
qualitative method (one study [41]). Two studies [32,40]
did not report their method for measuring fetal fibronectin.
All studies considered a cervicovaginal fetal fibronectin
concentration of 50 ng/ml or greater a positive test result.
Of the 11 studies in asymptomatic women, 9 (82%) looked
at serial testing at 22—-34 weeks’ gestation, weekly or every
2-3 weeks [27-32,35-37]. Two studies in asymptomatic
women [33,34] and four in symptomatic women [38-41]
examined single testing at 20-35 weeks’ gestation. In

women without symptoms, three studies evaluated cervi-
covaginal fetal fibronectin tests to predict preterm birth
before 32 weeks’ gestation [29,33,37], nine evaluated
preterm birth before 34 weeks’ gestation [27-31,34-37],
and six evaluated preterm birth before 37 weeks’ gestation
[27,29-32,37]. In women with symptoms of preterm labor,
three studies evaluated preterm birth within 7 days of
testing [38,39,41], and two each evaluated preterm birth
within 14 days of testing [38,41], and before 34 [40,41]
and 37 [38,40] weeks’ gestation.

The methodological quality of included studies is shown
in Figure 2. Only six studies (40%), five among asympto-
matic women and one among symptomatic women,
fulfilled all four methodological criteria. The remaining
10 studies had at least one methodological flaw. The most
common shortcomings were the failure to blind investiga-
tors to fetal fibronectin test results and the report of loss to
follow-up or exclusions.

Figures 3-5 show summary ROC curves of cervicova-
ginal fetal fibronectin for the prediction of spontaneous
preterm birth in asymptomatic women with multiple and
twin pregnancies, and symptomatic women with twin
pregnancies. Among asymptomatic women with multiple
pregnancies, the area under the summary ROC curve to
predict spontaneous preterm birth before 37 weeks’
gestation (0.82) was larger than the area under the
summary ROC curves to predict spontaneous preterm
birth before 32 (0.78) and 34 (0.71) weeks’ gestation,
although the differences were not statistically significant
(Figure 3). Similar summary ROC curves were obtained
for asymptomatic women with twin pregnancies (Figure 4).
Among women with twin pregnancies and threatened
preterm labor, the area under the summary ROC curve was
greatest for the prediction of spontancous preterm birth
within 7 days of testing (0.85), followed by preterm birth
within 14 days of testing (0.74), preterm birth before 34
weeks (0.70), and preterm birth before 37 weeks (0.57)
(Figure 5). Only the difference between the areas under the
summary ROC curves for the prediction of preterm birth
within 7 days of testing and preterm birth before 37 weeks
was statistically significant (p =0.03).

Tables II and III show pooled estimates of sensitivity,
specificity, and positive and negative likelihood ratios of
cervicovaginal fetal fibronectin for the prediction of
spontaneous preterm birth in women with multiple
pregnancies. Among asymptomatic women with multiple
pregnancies, the pooled sensitivities and specificities
ranged between 35% and 45%, and 81% and 94%,
respectively. The best summary likelihood ratio for a
positive test result was 5.5 for predicting preterm birth
before 32 weeks’ gestation, with corresponding summary
likelihood ratio for a negative test result of 0.69. The test
was less accurate to predict preterm birth before 34 and
37 weeks’ gestation (summary positive and negative
likelihood ratios around 2.5 and 0.70, respectively).
Similar pooled estimates of predictive accuracy were
obtained for studies in asymptomatic women with twin
pregnancies (Table II). Among women with twin
pregnancies and threatened preterm labor, cervicovaginal
fetal fibronectin was most accurate in predicting sponta-
neous preterm birth within 7 days of testing (pooled
sensitivity, specificity, and positive and negative like-
lihood ratios of 85%, 78%, 3.9, and 0.20, respectively)
(Table III). For delivery within 14 days of testing, and
preterm birth before 34 and 37 weeks’ gestation, the test
had a minimal predictive accuracy (summary positive
and negative likelihood ratios between 1.8 and 2.7, and
0.48 and 0.73, respectively).
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Asymptomatic women (n=11)
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Figure 2. Methodological quality of studies included in the systematic review. Data presented as percentages across all included studies.
Figures in the stacks represent number of studies.
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Figure 3. Summary receiver operating characteristic (ROC) curves of cervicovaginal fetal fibronectin for the prediction of spontaneous
preterm birth in asymptomatic women with multiple pregnancies. The area of each circle, rectangle and diamond is proportional to study’s
sample size.
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Figure 4. Summary receiver operating characteristic (ROC) curves of cervicovaginal fetal fibronectin for the prediction of spontaneous
preterm birth in asymptomatic women with twin pregnancies. The area of each circle, rectangle and diamond is proportional to study’s
sample size.
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Figure 5. Summary receiver operating characteristic (ROC) curves of cervicovaginal fetal fibronectin for the prediction of spontaneous
preterm birth in women with twin pregnancies and threatened preterm labor. The area of each circle, rectangle and diamond is proportional
to study’s sample size.
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Table II. Pooled estimates for cervicovaginal fetal fibronectin in predicting spontaneous preterm birth in asymptomatic women with multiple

pregnancies.
Pooled Pooled

No. of  sensitivity (%)  specificity (%)  Positive likelihood  Negative likelihood
Outcome No. of studies women (95% CI) (95% CI) ratio (95% CI) ratio (95% CI)
Multiple pregnancy (twins, triplets and quadruplets)
Preterm birth <32 weeks 3 [29,33,37] 391 35 (17-59) 94 (86-97) 5.5 (2.8-11.1) 0.69 (0.47-1.06)
Preterm birth <34 weeks 9 [27-31,34-37] 842 45 (35-57) 81 (76-86) 2.4 (1.6-3.2) 0.68 (0.55-0.85)
Preterm birth <37 weeks 6 [27,29-32 ,37] 588 40 (32-52) 85 (78-93) 2.7 (1.5-4.9) 0.71 (0.55-0.85)
Only twin pregnancy
Preterm birth <32 weeks 2 [29,37] 302 33 (14-60) 94 (85-97) 5.1 (2.7-10.0) 0.71 (0.41-1.27)
Preterm birth <34 weeks 6 [29-31,34,35,37] 576 39 (29-51) 80 (74-86) 2.0 (1.2-2.8) 0.76 (0.52-1.06)
Preterm birth <37 weeks 5 [29-32,37] 520 33 (25-45) 87 (80-94) 2.6 (1.4-7.1) 0.76 (0.47-0.93)

Table III. Pooled estimates for cervicovaginal fetal fibronectin in predicting spontaneous preterm birth in women with twin pregnancies and

threatened preterm labor.

Pooled

Pooled

No of  sensitivity (%) specificity (%) Positive likelihood Negative likelihood

Outcome No of studies women (95% CI) (95% CI) ratio (95% CI) ratio (95% CI)
Delivery within 7 days of testing 3 [38,39,41] 168 85 (51-98) 78 (66-90) 3.9 (2.5-5.6) 0.20 (0.05-0.72)
Delivery within 14 days of testing 2 [38,41] 125 64 (27-95) 76 (62-89) 2.7 (1.4-4.7) 0.48 (0.21-1.08)
Preterm birth <34 weeks 2 [40,41] 131 53 (31-76) 71 (55-87) 1.8 (1.2-2.9) 0.67 (0.44-0.97)
Preterm birth <37 weeks 2 [38,40] 82 41 (24-61) 81 (51-97) 2.2 (0.5-5.9) 0.73 (0.54-1.13)

Pooled estimates of pretest and post-test probabilities of
having spontaneous preterm birth after a negative and
positive test result are summarized in Table IV. The overall
prevalences (pretest probabilities) of spontaneous preterm
birth before 32, 34 and 37 weeks’ gestation in studies that
included asymptomatic women with multiple pregnancies
were 8.7% (range, 7.9%-9.0%), 22.8% (range, 16.1%—
54.2%), and 48.5% (range, 35.6%—-54.4%), respectively.
Among women with twin pregnancy and threatened
preterm labor, the overall prevalences of spontaneous
preterm birth within 7 and 14 days of testing, and before 34
and 37 weeks’ gestation were 7.7% (range, 2.6%-18.6%),
8.8% (range, 8.0%-10.5%), 30.5% (range, 28.7%—
34.1%), and 74.4% (range, 55.3-90.9%), respectively. In
asymptomatic women with multiple pregnancies, the
pretest probability of preterm birth before 32 weeks’
gestation increased from 8.7% to 34.4% with a positive
result and decreased to 6.2% with a negative result. Similar
results were obtained for asymptomatic women with twin
pregnancies. In women with twin pregnancies and symp-
toms of preterm labor, the pretest probability of delivery
within 7 days of testing increased from 7.7% to 24.5% with
a positive result and decreased to 1.6% with a negative
result. For preterm birth before 34 and 37 weeks’ gestation
in both asymptomatic and symptomatic women, and
preterm birth within 14 days of testing in symptomatic
women, the likelihood ratios only produced moderate to
minimal changes in the pretest probabilities.

There was graphical and statistical heterogeneity of
predictive performance among studies as confirmed by I
values greater than 50% in almost all meta-analyses
performed. An explanation for heterogeneity was not
provided by the study setting, sample size, study’s year of
publication, pregnancy plurality, method for measuring
fetal fibronectin, or sampling frequency. In addition,

pooled predictive accuracy estimates obtained from studies
that met <4 methodological criteria did not differ sig-
nificantly from those obtained from studies that met all
four criteria.

All funnel plots showed no asymmetry, either visually or
in terms of statistical significance (p > 0.10 for all, by
Egger test), indicating that publication and related biases
were not present.

Discussion

In this systematic review, we found evidence that
cervicovaginal fetal fibronectin has limited accuracy in
predicting spontaneous preterm birth in both asympto-
matic and symptomatic women with multiple pregnancies
because the likelihood ratios for positive and negative test
results generated only minimal to moderate changes in the
pretest probabilities of preterm birth. The test was most
accurate in predicting spontaneous preterm birth before 32
weeks’ gestation in asymptomatic women with multiple or
twin pregnancies, and spontaneous preterm birth within 7
days of testing in women with twin pregnancies and
threatened preterm labor.

The strength of our review and the validity of its findings
lie in compliance with stringent criteria for performing a
rigorous systematic review of predictive test accuracy.
These included, among others, the use of a prospective
protocol designed to address a research question; the
methods used in the identification of relevant studies; no
language restrictions; the strict assessment of methodolo-
gical quality of included studies; the use of techniques
recently recommended for meta-analysis of diagnostic and
predictive tests, the investigation of sources of hetero-
geneity; and the quantitative summarization of the
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Table IV. Pooled estimates of pre-test probabilities, likelihood ratios, and post-test probabilities for cervicovaginal fetal fibronectin in the
prediction of spontaneous preterm birth in women with multiple pregnancies.

Summary likelihood ratio

Post-test probability (%)

Pretest

Outcome probability (%)

Positive test result

Negative

Negative test result Positive test result test result

Asymptomatic women with multiple pregnancy

Preterm birth <32 weeks 8.7
Preterm birth <34 weeks 22.8
Preterm birth <37 weeks 48.5
Asymptomatic women with twin pregnancy

Preterm birth <32 weeks 8.9
Preterm birth <34 weeks 24.7
Preterm birth <37 weeks 48.5

Women with twin pregnancy and symptoms of threatened labor

Delivery within 7 days of testing 7.7
Delivery within 14 days of testing 8.8
Preterm birth <34 weeks 30.5
Preterm birth <37 weeks 74.4

5.5
2.4
2.7

5.1
2.0
2.6

3.9
2.7
1.8
2.2

0.69 34.4 6.2
0.68 41.5 16.7
0.71 71.8 40.1
0.71 33.3 6.5
0.76 39.6 20.0
0.76 71.0 41.7
0.20 24.5 1.6
0.48 20.7 4.4
0.67 44.1 22.7
0.73 86.5 68.0

evidence. In addition, there was no evidence of publication
and related biases in our review.

Only one previous systematic review evaluated the
predictive accuracy of cervicovaginal fetal fibronectin for
spontaneous preterm birth in multiple pregnancies. In
2003, Leitich and Kaider [14] reported pooled sensitivities
of 68% (95% CI, 52-83%) and 72% (95% CI, 36-100%),
and pooled specificities of 55% (95% CI, 23-87%) and
63% (95% CI, 40-87%), for predicting preterm birth
before 34 and 37 weeks of gestation, respectively, in
asymptomatic women with multiple pregnancies and serial
sampling. However, this review did not mention the
number of studies and the total number of women
included in the meta-analyses, did not describe methods
used to assess the quality of the included studies, did not
address publication and related biases, and did not appear
to have made any attempts to contact original authors
regarding the methods for their studies or for other
additional information. In addition, no results were
reported for women with multiple pregnancies and
symptoms of preterm labor.

The results of this systematic review are in agreement
with those obtained in meta-analyses of cervicovaginal fetal
fibronectin to predict preterm birth in women with
singleton pregnancies, especially in women with symptoms
of preterm labor. The meta-analysis by Honest et al. [13]
reported that, among asymptomatic women, the best
summary likelihood ratios for positive and negative test
results were 4.0 and 0.78, respectively, for predicting
preterm birth before 34 weeks’ gestation. Among sympto-
matic women, the best summary likelihood ratios for
positive and negative test results were 5.4 and 0.25,
respectively, for predicting delivery within 7-10 days of
testing. Similar results were reported in the meta-analyses
by Revah et al. [11], and Leitich and Kaider [14].

Some potential limitations of our review must be
considered. First, like any systematic review, it is limited
by the quality of included studies. This concern applies
even more for studies on predictive accuracy in which
deficiencies in methodologic quality have an impact on
estimates of test performance. The quality of the included
studies was good in some areas and poor in others,
allowing introduction of different types of bias. The main
areas where quality was poor were in the areas of blinding

of test results and reporting of withdrawals. There is
evidence to suggest that these biases can lead to a
significant  overestimation of predictive accuracy
[16,42,43]. However, both subgroup and meta-regression
analyses did not show the blinding of test results or reporting
of withdrawals to significantly affect predictive performance.
Second, there was considerable heterogeneity in most of the
meta-analyses performed. Despite the fact that potential
sources of heterogeneity were investigated with advanced
statistical techniques planned a priori, we were not able to
explain the heterogeneous results for the pooled estimates. In
view of the lack of satisfactory explanations for heterogeneity
among studies, it may be reasonable to avoid meta-analysis.
However, we used a random-effects meta-regression model
that provides the most useful estimate for informing practice
in the presence of unexplained heterogeneity. Third, the
statistical power of some of our meta-analyses was limited by
the small number of studies within each subgroup and the
relatively small sample size of most included studies. Taking
into account all of these methodological issues, results must
be interpreted with caution.

Our meta-analysis suggests that only 1.6% of women
with twin pregnancies and threatened preterm labor who
test negative for cervicovaginal fetal fibronectin will deliver
within the next week. This finding could be clinically
important because these women could be cared for at a
primary care center rather than transferred to a tertiary care
center. Nevertheless, more rigorous studies evaluating
predictive accuracy of this test and effects of its imple-
mentation on health service costs are needed before
recommending its use in women with twin pregnancies.

Cervicovaginal fetal fibronectin is commonly used in
labor and delivery units to help in the management of
women with symptoms of preterm labor. A recent
systematic review [44] including five controlled trials that
randomized 474 pregnant women (23 twin pregnancies)
with symptoms of preterm labor found that preterm birth
before 37 weeks of gestation was significantly decreased
among women with management based on knowledge of
cervicovaginal fetal fibronectin results (15.6%) wversus
controls without such knowledge (28.6%; risk ratio 0.54;
95% CI, 0.34-0.87). Further well-designed randomized
controlled trials are required to evaluate the effectiveness of
management of women with multiple or twin pregnancies



and threatened preterm labor based on knowledge of

cervicovaginal fetal fibronectin testing results for the
prevention of preterm birth.
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