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Abstract 

 

Introduction 

Fetal fibronectin (fFN) is a validated test for assessing risk of preterm birth (PTB) for women 

presenting with symptoms. Our aim was to evaluate the accuracy of fFN to detect the risk of 

PTB in asymptomatic women.  

Material and methods 

Searches were conducted to identify studies where fFN was performed in asymptomatic 

women beyond 22 weeks’ gestation. EMBASE, MEDLINE, CINHAL, AMED and BNI were 

searched between 2005 and 2017. Studies before 2005 were identified from a published 

systematic review. Women were grouped as singleton pregnancies, with and without risk 

factors for PTB, and multiple pregnancy. Quality assessment was performed using 

QUADAS-2. When possible, data were pooled using a hierarchical, bivariate random effects 

model. 

Results 

Fifteen studies met the inclusion criteria: six studies of singleton pregnancies in women 

without risk factors (1,236 women), four in women with risk factors for PTB (2,628 women) 

and five studies were of multiple pregnancy (1,427 women). The pooled sensitivity and 

specificity of fFN in ‘no risk factors singletons’ were 0.48 (95% CI 0.20–0.77), and 0.96 

(95% CI 0.86–0.99) respectively. The likelihood ratio of a positive test result was 12 (95% CI 

4.70-30.68). The pooled sensitivity and specificity of fFN in ‘risk factors singletons’ were 

0.34 (95% CI 0.24–0.43), and 0.91 (95% CI 0.88–0.93). Accuracy of fFN in multiple 

pregnancies was inconclusive. 

Conclusion 

Our findings suggest in asymptomatic singleton pregnancies without risk factors a positive 

fFN result indicates a large shift from pre to post-test probability, possibly identifying women 

at increased risk of PTB. 
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Key Message  

Fetal fibronectin is an onsite test available evaluating the risk for preterm birth. Its 

performance in asymptomatic women is undetermined. A positive result in women carrying a 

singleton pregnancy without risk factors for preterm birth may predict early delivery.   



 
 

Introduction 

Preterm birth (PTB) is defined by the World Health Organisation as ‘birth occurring prior to 

37 completed weeks of gestation’ (1) and is the leading cause of perinatal morbidity and 

mortality worldwide, in both singleton and multiple pregnancies (2, 3).  Spontaneous preterm 

births occurs in 60-70% of all preterm births (4) with approximately 15 million babies born 

preterm in 2010 (1). The incidence of PTB varies widely ranging from 5-13% (3, 5). The 

neonatal morbidity, its long-term sequelae and the mortality associated with PTB have huge 

implications for clinical resources and convey a significant economic burden (4). Although 

the rates of survival have improved (3), the rate of disability for survivors has remained 

unchanged (4, 6). 

 

None of the available scoring systems accurately identify asymptomatic women at risk of 

spontaneous PTB (4, 7). Identifying asymptomatic women at risk of PTB could be beneficial, 

as it would allow for timely interventions to reduce perinatal morbidity, such as the 

administration of corticosteroids and access to neonatal intensive care facilities (5). An 

objective test for predicting risk of PTB is fetal fibronectin (fFN), an adhesion basement 

membrane protein found in cervicovaginal secretions (8, 9). fFN levels are routinely found in 

cervicovaginal secretions up to 20 weeks of gestation but after this, it is rarely found until late 

in pregnancy and can be an indication of impending labour (9). fFN has been developed as a 

bedside test for identifying women at risk of preterm labour and it is widely used in high-

income settings, such as the United Kingdom (10) for triaging women with symptoms. The 

aim of this review was to determine the accuracy of fFN for identifying the risk of PTB in 

asymptomatic pregnant women, as the published data in this area have not been 

systematically synthesised.  

 

Material and Methods 

This review was conducted in compliance with the current standards for test accuracy 

research (11, 12); reported according to the Preferred Reporting Items for Systematic 

Reviews (PRISMA) guidelines (13) and recommendations of reporting test accuracy 

systematic reviews (14). It was prospectively registered (PROSPERO number: 

CRD42015023779). 

 

 

 



 
 

Literature search 

A systematic search of primary studies in EMBASE, MEDLINE, CINHAL, AMED and BNI 

was undertaken prospectively and limited to studies published between 2005 and 2015. The 

initial search was performed on 29 January 2015 and then updated on 01 February 2017 with 

no language restrictions. The following terms, associated synonyms and right-hand truncation 

were used for the searches: ‘pregnancy’, ‘antenatal’, ‘fetal proteins’ and ‘fibronectins’ 

(Supporting Information, Table S1). The database search was complemented by the 

comprehensive reference check of the included studies. Relevant studies published prior to 

2005 were identified from a previous comprehensive search published in a Health 

Technology Assessment report in 2009 (4). Studies of cross-sectional, longitudinal and case-

control design studies were included.  

 

Study selection and data extraction 

Two reviewers (FDS and JD) independently reviewed titles and abstracts and identified 

citations fulfilling the pre-determined selection criteria. Full text versions of the selected 

citations were reviewed for their eligibility. Any disagreements were resolved through 

consensus. The inclusion criteria were: i) pregnant women carrying either singleton or 

multiple pregnancies without symptoms of PTB; ii) fFN sampling (index test) undertaken 

after 22 weeks of gestation using a validated method (15, 16); and, iii) the use of a threshold 

of 50 ng/ml for a positive test, as per the manufacturer’s instructions (15). When studies 

used serial testing, a woman was considered to have a positive fFN test if a level of 50 

ng/ml was documented at any point during the testing period. If a study reported multiple 

thresholds, the data for the ≥50 ng/ml cut-off were used. 

 

Studies including women identified as having symptoms of preterm labour (such as uterine 

contractions, preterm premature rupture of membranes or insertion of a rescue cervical 

cerclage) were excluded. The reference standard for PTB was defined as birth prior to 37 

weeks of gestation (3). 

 

Data were extracted onto a piloted data extraction sheet independently and in duplicate by 

two reviewers (FDS and JD). Data were collected on population characteristics (age, 

ethnicity, education, parity, smoking status, risk factors for PTB), description of the index 

test including the threshold used for a positive test, how the gestational age at testing was 



 
 

defined, the definition of PTB used by the study authors and the results of the index test (true 

positives, true negatives, false positives and false negative) to allow creation of a 2x2 table.  

Women with a singleton pregnancy were grouped according to the presence of risk factors 

for PTB (with or without). The third group comprised women with multiple pregnancies 

(twins or triplets). The considered risk factors for PTB were: previous PTB, smoking or other 

risk factors as defined in the primary studies. All data were tabulated, crosschecked and any 

discrepancies were discussed between reviewers, involving a third reviewer (ER) when 

necessary. The risk of bias and applicability of the included studies were assessed 

independently by two reviewers (FDS and JD) using the QUADAS-2 tool (12). The 

applicability is determined by how similar or different are the population, the index test and 

the reference standard to that of the review question (12).  

 

Data synthesis 

The data were plotted using RevMan (Version 5.3. Copenhagen: The Nordic Cochrane 

Centre, The Cochrane Collaboration, 2014) and, where possible, pooled using STATA 

software (StataCorp. 2011. Version 12. College Station, TX: StataCorp LP) within the 

predefined subgroups. When a sufficient number of studies were available, we pooled the 

accuracy parameters using a bivariate, hierarchical model (random effect) (17). If fewer than 

four studies were available, a univariate model was used (18). We calculated sensitivity, 

specificity and likelihood ratios for positive and negative test results with 95% confidence 

intervals (CIs). Heterogeneity was investigated visually from forest plots of sensitivity and 

specificity estimates derived from individual studies. Sensitivity analysis concerning the type 

of used analyser was conducted as a part of a post-hoc exploration. We did not attempt to 

assess publication bias due to the lack of consensus over the reliability of currently available 

methods (19, 20). Moreover, we did not have a sufficient number of studies in order to run a 

meaningful assessment of publication bias (21).   

 

Results  

There were 2,020 studies identified following the electronic search and 18 studies identified 

from the Health Technology Assessment report (4). After duplicates removal, 516 studies 

were identified and screened for their eligibility. Ninety full-text papers were reviewed, and 

15 studies were subsequently included (Figure 1) (16, 22-35). The inter-rater reliability for 

the study selection was good (=0.8).  



 
 

 

Included studies recruited women with a history of previous PTB (n = 5), (16, 22, 24, 25, 28) 

women who were smokers (n = 2), (22, 25) women with cervical cerclage or women who 

were being followed-up in preterm birth surveillance clinics for other risk-factors (n = 6) (16, 

22, 24, 25, 28, 29). There was variation in the devices used by studies included in this review 

for measuring fFN. Seven studies used Adeza Biomedical, Sunnyvale®, (16, 26-28, 32-34) 

five studies used Hologic® (22, 25, 30, 31, 35) and three studies (23, 24, 29) did not provide 

information regarding the device used. Ten studies collected samples for fFN testing 

according to the manufacturer’s instructions (‘standard’ fFN). Five studies used a blind 

method for obtaining samples for fFN testing (‘blind’ fFN) (Table 1).  

 

There was also variation in the timing of sampling. In singleton pregnancy studies, six used 

serial sampling (timing not specified in one study (28); every 2, 2-3, 2-4 or every 2-6 weeks 

in the five remaining studies (16, 25, 27, 32, 33) with samples collected between 22 and 36 

weeks of gestation. Three studies used a single sample of fFN taken between 22-28, 26-28 or 

at 28 weeks of gestation (22, 23, 26). For the twin studies, fFN testing was performed every 

2-4 weeks between 22-32 weeks of gestation in all three included studies. Two studies 

included women with a triplet pregnancy both used serial testing every 2-3 weeks from 22-32 

weeks of gestation. All the studies except one (22) used a pre-specified threshold of ≥50 

ng/ml to denote a positive test result. 

 

The reference standard used was gestation at birth. There was variation in the way the 

reference standard was calculated. Ten of studies used the last menstrual period to calculate 

the gestational age, which was confirmed by a first or second trimester ultrasound. The 

ultrasound result took precedence if there was a discrepancy (22-24, 26, 28, 30-34). Five 

studies did not specify how the gestational age was calculated (16, 25, 27, 29, 35). Full 

details of studies included in this systematic review are presented in Supporting Information, 

Table S2. 

 

Quality Assessment 

The risk of bias in all four domains of the QUADAS-2 tool was considered to be low in the 

majority of the studies. There were also low applicability concerns for most of the studies 

(Figure 2). Quality assessment for singleton pregnancy studies is presented for those studies 

included in the meta-analysis only.  



 
 

 

In the studies of fFN testing in women carrying singleton pregnancies without risk factors, 

the risk of bias due to the implementation of the index test and reference standard was 

assessed as low in the majority of the studies (5/6). In each QUADAS-2 domain, there was 

one study classified as at high risk of bias. The concern over the applicability of the studies 

was presented with respect to patient selection, index test and reference standard was 

assessed as low in the majority of the included studies.  

 

All three studies of women carrying singleton pregnancies with risk factors for PTB were 

classified as low risk of bias for the index test, reference standard, and flow and timing 

(Figure 2). In one study (28), the description of patient selection raised concerns; hence the 

study was classified as high risk of bias in this domain. There was no concern over the 

applicability in any of the studies with respect to patient selection or how the index test was 

taken. In two cases (25, 28) the description was insufficient to assess the studies applicability 

with respect to the reference standard.  

 

The majority of studies with twin or triplet pregnancies were classified as at low risk of bias 

and their applicability to the review question (Figure 2).  In one study (24) the description of 

patient selection raised concerns leading to its classification as at high risk of bias in this 

domain. Two out of five studies were labelled as high risk of bias due to the implementation 

of index test. One study was assessed to be at high risk of bias over applicability of the index 

test (24). 

 

Accuracy of fFN in asymptomatic singletons without risk factors for PTB 

Nine studies reported accuracy data for fFN in singleton pregnancies of which six (1,236 

women) (23, 26, 27, 32-34) included women without risk factors for PTB (Figure 3). The 

pooled sensitivity and the specificity were 0.48 (95% CI 0.20–0.77), and 0.96 (95% CI 0.86–

0.99) (Figure 4). The visual inspection of heterogeneity showed a greater variability in the 

sensitivity measures than the specificity. The 95% prediction region covered over half of the 

ROC space. The calculated likelihood ratio of a positive test result was 12.01 (95% CI 4.70-

30.68), the likelihood ratio of a negative test result was 0.54 (95% CI 0.30-0.97). The 

sensitivity analysis with studies that used only Adeza Biomedical analyser showed a change 

in fFN sensitivity 0.60 (95% CI 0.34–0.81) with a minor change in the pooled specificity 0.93 

(95% CI 0.83–0.97). 



 
 

 

 

 

Accuracy of fFN in asymptomatic singletons with risk factors for PTB  

Three studies included women carrying singleton pregnancy with risk factors for PTB 

contributed to our meta-analyses (22, 25, 28). One study (16), was excluded from the meta-

analyses due to the definition of the reference standard used (PTB prior to 34 weeks of 

gestation). The studies all included women with a previous history of PTB, two included 

women who were smokers and all included women with other risk factors such as previous 

second trimester miscarriage, previous cervical surgery, women with an incidental short 

cervix and women with a cervical cerclage in situ or history of a previous cerclage. The 

pooled sensitivity and the specificity were 0.34 (95% CI 0.24-0.43), and 0.91 (95% CI 0.88-

0.93). The likelihood ratio of a positive test result was 3.47 (95% CI 2.84-4.24). The 

likelihood ratio of a negative test result was 0.75 (95% CI 0.68-0.82). 

 

Accuracy of fFN in asymptomatic women with multiple pregnancy 

None of the studies that evaluated fFN in women with multiple pregnancies used a reference 

standard defined as birth before 37 weeks. The majority of included studies used less than 32 

weeks as the definition of PTB in multiple pregnancy, therefore this definition was adopted 

post hoc. Three studies (1,332 women) included women with twin gestations (24, 29, 31). 

The prevalence of PTB in these studies ranged from 6.9 - 30.0%. Sensitivity ranged from 

0.29-0.41 and specificity ranged from 0.92-0.96. Two studies (95 women) were conducted in 

women carrying triplet pregnancies (30, 35). The prevalence of PTB in this population 

ranged from 17.9-23.2%. Sensitivity ranged from 0.60 - 0.63 and specificity ranged from 

0.92-0.96 (Table 1). 

 

Discussion 

Summary of results  

This systematic review is the first to assess the performance of fFN in asymptomatic pregnant 

women without risk factors for preterm delivery. In singleton pregnancy without risk factors 

for PTB, a positive result can be indicative of an increased risk of premature delivery. Based 

on the findings of this review the test is unlikely to provide clinically useful information 

when used in women with documented risk factors for PTB (e.g. previous second-trimester 

miscarriage, previous cervical surgery). The accuracy of fFN in women with multiple 



 
 

pregnancy was inconclusive. 

  

 

Strengths and Limitations  

The main strengths of this review include the use of strict published criteria for performing 

test accuracy systematic reviews, using a prospective protocol and conducting a 

comprehensive literature search. We contacted authors of included studies where needed for 

clarifications and included responses within our assessment processes. 

 

The main limitations of this review are related to the heterogeneity of the data within the 

included studies. We included studies undertaken in the context of preterm birth surveillance 

clinics. Women in these clinics are a heterogeneous population, including some women 

having a history of PTB or having a cervical cerclage in situ and others with a different 

spectrum of risk factors. Including data collected in these clinics may have introduced 

selection bias into our analyses (4). Despite the risk of bias, we were keen not to exclude 

these data, as they reflection the current models of antenatal care for women with known risk 

factors for PTB in high income settings (5).   

 

In this review, we limited our inclusion criteria to studies where fFN was tested after 22 

weeks of gestation, based on the manufactures’ instructions (15). We chose 22 weeks 

gestation as the lowest gestational age for testing, based on how a positive result would be 

managed clinically (5).  There are a number of recently published studies where fFN testing 

has occurred before 22 weeks of gestation, however the performance of fFN in this context 

and the clinical management protocols for a positive result are not well established. We 

included studies where a ‘blind method’ for collecting fFN was used, where samples for fetal 

fibronectin measurement were taken without the insertion of a speculum and visualization of 

the posterior fornix (16). This technique has been validated and its performance deemed 

similar to the direct visualisation method (16) hence our decision to include primary studies 

using this technique in our review. However, we cannot exclude the possibility that inclusion 

of this alternative method alongside traditional sampling techniques may have introduced 

bias into the estimates of test performance in our meta-analyses. 

 

In twin pregnancies, fFN testing is known to have a low to moderate accuracy in predicting 

PTB (2), but is likely to be a stronger predictor than cervical length measurement (36). Birth 



 
 

before 32 weeks was the definition of PTB used in the studies of multiple pregnancies as the 

reference standard and was adopted by us post-hoc. This was a deviation from our study 

protocol which was necessary to allow pooling of study findings. We identified three studies 

meeting our inclusion criteria, however despite our efforts to widen inclusion there was 

insufficient data to permit meta-analyses in this subgroup. As a result, we cannot comment on 

the performance of fFN for predicting PTB in twin or triplet pregnancies.  

 

Interpretation 

Many primary studies looking into the accuracy of fFN for predicting PTB in asymptomatic 

pregnant women are inadequately powered to estimate the accuracy of the test. This is largely 

due to the varying prevalence of PTB in individual study samples (37).  

Our results show that fFN testing in asymptomatic women, without any risk factors had the 

highest likelihood ratio (12.01). As a general rule, a positive likelihood ratio >10 or a 

negative likelihood ratio <0.1, is associated with a large shift from pre-test to post-test 

probability (38) demonstrating that the test is useful in predicting the outcome. Likelihood 

ratios (sensitivity/(1-specificity) are also less dependent on the condition being present or not 

in the population by attributing equal weights to sensitivity and specificity. (39) When in a 

certain population there are a significant number of individuals without the condition being 

tested (such as in a low risk obstetric population), the number of those correctly identified as 

having the condition or not, is described by the specificity of the test (39). However, using 

fetal fibronectin as a single screening test in pregnant women without any risk factors for 

PTB is unlikely to be feasible or acceptable (40). It is more likely that fetal fibronectin could 

be used in combination with other predictors of PTB (for example cervical length 

measurement) to increase the odds of detecting women at risk of PTB (41). 

 

There were a number of studies in our review where fFN samples were collected at different 

gestational ages and many studies employed a serial fFN sampling strategy. In these 

instances, we used the latest gestational age of testing as our index test. It is beyond the scope 

of this review to suggest an optimal time for sample collection. Similarly, our review cannot 

suggest the optimum number of samples required within a serial sampling strategy  to 

identify those women at risk and allow for timely interventions. These questions will require 

further primary research to be addressed.  

 



 
 

A previous report (40) suggested that positive fFN results between 24 and 28 gestational 

weeks are helpful in identifying women at high-risk of PTB during the a period of time where 

the neonatal morbidity and mortality is high. Our systematic review did not look at testing of 

fFN within these gestational ages as a subgroup and therefore we cannot make any 

recommendations as to whether testing of women with risk factors at these gestations affects 

outcomes. A study by Jwala et al. in 2016 (42) suggested that quantitative fFN and and 

cervical length measurement in asymptomatic women without risk factors for PTB increase 

the sensitivity of fFN, but whether this is useful clinically has not been determined.  A recent 

prospective study comparing women with previous history of PTB to women without a 

history of PTB found that a positive fFN was the best predictor for recurrence of PTB,  

increasing the recurrence risk between two to four-fold compared to women without a 

positive fFN result (43). There are however, many conflicting data on whether fFN is useful 

for care delivery in women with risk factors for PTB (44), which we postulate is secondary to 

poor quality primary research in this area.  

 

Our systematic review showed that fFN is a useful test for identifying women at risk of PTB 

without any pre-existing risk factors. This is based on the accuracy measure obtained for the 

likelihood ratio of a positive test rather than the pooled sensitivity. fFN may also be useful in 

managing women with risk factors for PTB, however, it is likely that these women are cared 

for in specialist centres, where other strategies of risk identification such as cervical length 

measurement are employed, which may be more helpful in stratifying risk for women with 

risk factors for PTB (45). 

 

Conclusion  

There is currently no evidence supporting the use of fFN testing in asymptomatic women (3, 

46). Our systematic review suggests that in women with singleton pregnancies without risk 

factors for PTB, a positive fFN may be predictive of preterm birth, but should be used with 

caution. Further good quality research is needed to determine the usefulness of fFN testing in 

the pathway of care for women without risk factors who are asymptomatic for PTB.    

 

Acknowledgements 

We would like to thank Mrs Sue Meehan and Mr Timo Pilgrim for their help in sourcing 

articles included in this review. 

 



 
 

Funding 

None  

 

References 

 

1. Blencowe H, Cousens S, Chou D, Oestergaard M, Say L, Moller AB, et al. Born too soon: the 

global epidemiology of 15 million preterm births. Reprod Health. 2013;10 Suppl 1:S2. 

 

2. Fuchs F, Senat MV. Multiple gestations and preterm birth. Semin Fetal Neonatal Med. 

2016;21(2):113-20. 

 

3. Koullali B, Oudijk MA, Nijman TA, Mol BW, Pajkrt E. Risk assessment and management to 

prevent preterm birth. Semin Fetal Neonatal Med. 2016;21(2):80-8. 

 

4. Honest H, Forbes CA, Duree KH, Norman G, Duffy SB, Tsourapas A, et al. Screening to 

prevent spontaneous preterm birth: systematic reviews of accuracy and effectiveness literature with 

economic modelling. Health Technol Assess. 2009;13(43):1-627. 

 

5. National Institute for Health Care Excellence. Preterm Labour and Birth. Clinical guidelines 

(NG25). 2015. URL: https://www.nice.org.uk/guidance/ng25. [Accessed 1st October 2017] 

 

6. Petrou S. The economic consequences of preterm birth during the first 10 years of life. BJOG. 

2005;112 Suppl 1:10-5. 

 

7. Honest H, Bachmann LM, Sundaram R, Gupta JK, Kleijnen J, Khan KS. The accuracy of risk 

scores in predicting preterm birth--a systematic review. J Obstet Gynaecol. 2004;24(4):343-59. 

 

8. Wax JR, Cartin A, Pinette MG. Biophysical and Biochemical Screening for the Risk of 

Preterm Labor: An Update. Clin Lab Med. 2016;36(2):369-83. 

 

9. Goldenberg RL, Mercer BM, Meis PJ, Copper RL, Das A, McNellis D. The preterm 

prediction study: fetal fibronectin testing and spontaneous preterm birth. NICHD Maternal Fetal 

Medicine Units Network. Obstet Gynecol. 1996;87(5 Pt 1):643-8. 

 



 
 

10. Min J, Watson HA, Hezelgrave NL, Seed PT, Shennan AH. Ability of a preterm surveillance 

clinic to triage risk of preterm birth: a prospective cohort study. Ultrasound Obstet Gynecol. 

2016;48(1):38-42. 

 

11. Macaskill P, Gatsonis C, Deeks J. Cochrane Handbook for Systematic Reviews of Diagnostic 

Test Accuracy. 1st ed: The Cochrane Collaboration; 2010 2010. 

 

12. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al. QUADAS-2: 

a revised tool for the quality assessment of diagnostic accuracy studies. Ann Intern Med. 

2011;155(8):529-36. 

 

13. Higgins J. Green S. Cochrane handbook for systematic reviews of interventions Version 5.1. 

0 [updated March 2011]. The Cochrane Collaboration, 2011. www cochrane-handbook org. 2012. 

 

14. McGrath TA, Alabousi M, Skidmore B, Korevaar DA, Bossuyt PMM, Moher D, et al. 

Recommendations for reporting of systematic reviews and meta-analyses of diagnostic test accuracy: 

a systematic review. Syst Rev. 2017;6(1):194. 

 

15. Hologic. Rapid testing with fetal fibronectin Specimen Collection Kit. United 

Kingdom 2009. URL: http://www.ffntest.com/pdfs/rapid_ffn_speccollectkit_ifu.pdf. 

[Accessed 1st October, 2017] 

 

16. Roman AS, Koklanaris N, Paidas MJ, Mulholland J, Levitz M, Rebarber A. "Blind" vaginal 

fetal fibronectin as a predictor of spontaneous preterm delivery. Obstet Gynecol. 2005;105(2):285-9. 

 

17. Harbord R, Whiting P. metandi: Meta-analysis of diagnostic accuracy using hierarchical 

logistic regression. The Stata Journal2009. p. 211-29 

. 

18. Deeks JJ, Altman DG. Diagnostic tests 4: likelihood ratios. BMJ. 2004;329(7458):168-9. 

 

19. Deeks JJ, Macaskill P, Irwig L. The performance of tests of publication bias and other sample 

size effects in systematic reviews of diagnostic test accuracy was assessed. J Clin Epidemiol. 

2005;58(9):882-93. 

 



 
 

20. Song F, Khan KS, Dinnes J, Sutton AJ. Asymmetric funnel plots and publication bias in 

meta-analyses of diagnostic accuracy. Int J Epidemiol. 2002;31(1):88-95. 

 

21. Sterne JAC, Egger M, Smith GD. Investigating and dealing with publication and other biases 

in meta-analysis. BMJ. 2001;323(7304):101-5. 

 

22. Abbott DS, Hezelgrave NL, Seed PT, Norman JE, David AL, Bennett PR, et al. Quantitative 

fetal fibronectin to predict preterm birth in asymptomatic women at high risk. Obstet Gynecol. 

2015;125(5):1168-76. 

 

23. Arinami Y, Hasegawa I, Takakuwa K, Tanaka K. Prediction of preterm delivery by combined 

use of simple clinical tests. J Matern Fetal Med. 1999;8(2):70-3. 

 

24. Bergh E, Rebarber A, Oppal S, Saltzman DH, Klauser CK, Gupta S, et al. The association 

between maternal biomarkers and pathways to preterm birth in twin pregnancies. J Matern Fetal 

Neonatal Med. 2015;28(5):504-8. 

 

25. Bolt LA, Chandiramani M, De Greeff A, Seed PT, Kurtzman J, Shennan AH. The value of 

combined cervical length measurement and fetal fibronectin testing to predict spontaneous preterm 

birth in asymptomatic high-risk women. J Matern Fetal Neonatal Med. 2011;24(7):928-32. 

 

26. Chang TC, Chew TS, Pang M, Tan AC, Yeo GS. Cervicovaginal foetal fibronectin in the 

prediction of preterm labour in a low-risk population. Ann Acad Med Singapore. 1997;26(6):776-80. 

 

27. Di Stefano L, Carta G, Di Paolantonio L, Palermo P, Moscarini M. Preterm delivery: 

predictive value of cervico-vaginal fetal fibronectin. Clinical and experimental obstetrics & 

gynecology. 1999;26(3-4):187-9. 

 

28. Duhig KE, Chandiramani M, Seed PT, Briley AL, Kenyon AP, Shennan AH. Fetal 

fibronectin as a predictor of spontaneous preterm labour in asymptomatic women with a cervical 

cerclage. BJOG. 2009;116(6):799-803. 

 

29. Fox N, Bergh E, Oppal S, Saltzman D, Klauser C, Gupta S, et al. 823: The association 

between a short cervix, fetal fibronectin, and preterm birth in twin pregnancies, analyzed by cause of 

preterm birth: preterm labor, premature rupture of membranes, and indicated preterm birth. American 

Journal of Obstetrics & Gynecology. 2014;210(1):S400. 

 



 
 

30. Fox NS, Rebarber A, Roman AS, Klauser CK, Peress D, Saltzman DH. Combined fetal 

fibronectin and cervical length and spontaneous preterm birth in asymptomatic triplet pregnancies. J 

Matern Fetal Neonatal Med. 2012;25(11):2308-11. 

 

31. Fox NS, Rebarber A, Roman AS, Klauser CK, Saltzman DH. The significance of a positive 

fetal fibronectin in the setting of a normal cervical length in twin pregnancies. Am J Perinatol. 

2011;29(4):267-72. 

 

32. Garcia Alonso A, Ayala Mendez JA, Izquierdo Puente JC, Jimenez Solis G, Sanchez 

Martinez M. [Presence of fetal fibronectin in cervico-vaginal secretion as predictor of premature 

labor]. Ginecologia y obstetricia de Mexico. 1999;67:23-8. 

 

33. Greenhagen JB, Van Wagoner J, Dudley D, Hunter C, Mitchell M, Logsdon V, et al. Value of 

fetal fibronectin as a predictor of preterm delivery for a low-risk population. Am J Obstet Gynecol. 

1996;175(4 Pt 1):1054-6. 

 

34. Hellemans P, Gerris J, Verdonk P. Fetal fibronectin detection for prediction of preterm birth 

in low risk women. Br J Obstet Gynaecol. 1995;102(3):207-12. 

 

35. Roman AS, Pessel C, Fox N, Klauser CK, Saltzman D, Rebarber A. Vaginal fetal fibronectin 

as a predictor of spontaneous preterm delivery in triplet gestations. J Matern Fetal Neonatal Med. 

2012;25(10):1921-3. 

 

36. Fox NS, Saltzman DH, Fishman A, Klauser CK, Gupta S, Rebarber A. Gestational age at 

cervical length and fetal fibronectin assessment and the incidence of spontaneous preterm birth in 

twins. J Ultrasound Med. 2015;34(6):977-84. 

 

37. Honest H, Bachmann LM, Gupta JK, Kleijnen J, Khan KS. Accuracy of cervicovaginal fetal 

fibronectin test in predicting risk of spontaneous preterm birth: systematic review. BMJ. 

2002;325(7359):301. 

 

38. Khan KS, Khan SF, Nwosu CR, Arnott N, Chien PF. Misleading authors' inferences in 

obstetric diagnostic test literature. Am J Obstet Gynecol. 1999;181(1):112-5. 

 

39. van Stralen KJ, Stel VS, Reitsma JB, Dekker FW, Zoccali C, Jager KJ. Diagnostic methods I: 

sensitivity, specificity, and other measures of accuracy. Kidney Int. 2009;75(12):1257-63. 

 



 
 

40. Hux CH, Trolice MP, Kadar N. The Value of a Single Fetal Fibronectin Assay as a Screen for 

Preterm Labor and Delivery. Journal of Maternal-Fetal Medicine. 1995;4(3):100-4. 

 

41. Kuhrt K, Smout E, Hezelgrave N, Seed PT, Carter J, Shennan AH. Development and 

validation of a tool incorporating cervical length and quantitative fetal fibronectin to predict 

spontaneous preterm birth in asymptomatic high-risk women. Ultrasound Obstet Gynecol. 

2016;47(1):104-9. 

 

42. Jwala S, Tran TL, Terenna C, McGregor A, Andrel J, Leiby BE, et al. Evaluation of additive 

effect of quantitative fetal fibronectin to cervical length for prediction of spontaneous preterm birth 

among asymptomatic low-risk women. Acta Obstet Gynecol Scand. 2016;95(8):948-55. 

 

43. Iams JD, Goldenberg RL, Mercer BM, Moawad A, Thom E, Meis PJ, et al. The Preterm 

Prediction Study: recurrence risk of spontaneous preterm birth. National Institute of Child Health and 

Human Development Maternal-Fetal Medicine Units Network. Am J Obstet Gynecol. 

1998;178(5):1035-40. 

 

44. Romero J, Rebarber A, Saltzman DH, Schwartz R, Peress D, Fox NS. The prediction of 

recurrent preterm birth in patients on 17-alpha-hydroxyprogesterone caproate using serial fetal 

fibronectin and cervical length. Am J Obstet Gynecol. 2012;207(1):51.e1-5. 

 

45. Hezelgrave NL, Shennan AH. Quantitative fetal fibronectin to predict spontaneous preterm 

birth: a review. Womens Health (Lond). 2016;12(1):121-8. 

 

46. Blanc J, Bretelle F. [Predictive tools of preterm birth in asymptomatic high-risk pregnancy]. J 

Gynecol Obstet Biol Reprod (Paris). 2016;45(10):1261-79. 

 


