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ABSTRACT 
 

OBJECTIVE: To assess whether patient characteristics add to the fetal fibronectin test and cervical 

length measurement in the prediction of preterm delivery in symptomatic women.

STUDY DESIGN:  A nationwide prospective cohort study was conducted in all ten perinatal 

centres in the Netherlands. Women with symptoms of preterm labour between 24 and 34 weeks 

gestation with intact membranes were invited. In all women qualitative fibronectin testing 

(0.050μg/mL cut-off ) and cervical length measurement were performed.  Logistic regression 

analyses were used to construct two multivariable models to predict spontaneously delivery 

within seven days: a model including cervical length and fetal fibronectin as predictors, and 

an extended model including all potential predictors. The models were internally validated 

using bootstrapping techniques.  Predictive performances were assessed as the area under the 

receiver operator characteristic curve (AUC) and calibration (calibration plot). We compared the 

models’ capability to identify women with a low risk to deliver within seven days. A risk less 

than 5%, corresponding to the risk for women with a cervical length of at least 25 mm, was 

considered as low risk.

RESULTS: Ninety-six of 708 included women (14%) had delivered spontaneously within seven 

days. The extended model included maternal age, multifetal gestation, parity, previous preterm 

delivery, vaginal bleeding, C-reactive protein, cervical length, dilatation and fibronectin status. 

Both models had high discriminative performances (AUC of 0.90 (95%CI 0.87-0.93) and 0.94 

(95%CI 0.91-0.96) respectively). Compared to the model with fibronectin and cervical length, our 

extended model identified an additional 28 (4%) women as high risk, of whom 2 (7%) delivered 

within seven days, and 63 women (9%) as low risk, of whom 2 (3%) delivered within seven days.

CONCLUSION: In women with symptoms of preterm labour before 34 weeks gestation, a model 

that integrates maternal characteristics, clinical signs and laboratory tests predicts delivery 

within seven days better than a model with only fibronectin and cervical length.
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INTRODUCTION

Spontaneous preterm delivery occurs in 5 to 13 % of all deliveries and remains the main cause 

of perinatal mortality and neonatal morbidity in the developed world.1 Most women with 

symptoms of preterm labour before 32 weeks gestational age are transferred to a perinatal 

centre and receive treatment, such as tocolysis, magnesiumsulphate and corticosteroids. Yet, 

about 80-95% will not deliver within one week after presentation, and half of these women 

deliver at term.2-5 Consequently, many women are unnecessarily transferred and exposed to the 

potential side effects of tocolysis and corticosteroids in both mother and child.6-8 

 To reduce overtreatment and costs of unnecessary referrals and treatment, accurate 

identification of those women who will not deliver on the short term - i.e. within seven days - is 

of the utmost importance. On the other hand, knowledge about the short term risk to deliver 

helps to identify women with symptoms of preterm labour who need immediate treatment 

and referral to a perinatal centre in order to optimize circumstances if preterm delivery occurs. 

Despite many different predictors and risk factors of preterm delivery known in the literature, it 

remains difficult to assess this risk in individual women.1;9;10 

 Several studies, including our nationwide cohort study, have reported promising results 

of the combination of cervical length and fetal fibronectin measurements to predict preterm 

delivery within seven days in symptomatic women.2;11;12 It is possible that predictions will 

improve even further when other prognostic features are added to these two measures. The aim 

of this study was to evaluate whether patient characteristics, when added to cervical length and 

fetal fibronectin, improve the prediction of delivery within seven days in symptomatic women 

between 24 and 34 weeks of gestational age. 

METHODS

Setting

We used data collected in the APOSTEL-I study, a nationwide cohort study conducted in all ten 

perinatal centres in the Netherlands between December 2009 and August 2012. The objective of 

this study was to evaluate the predictive value of the fetal fibronectin test in addition to cervical 

length measurement in women with symptoms of preterm labour. The study design and main 

results are presented in detail elsewhere.13;14

 In short, we included women with symptoms of preterm labour between 24 and 34 weeks of 

gestational age with intact membranes. Exclusion criteria were cervical dilatation of more than 

three centimetres, previous treatment with tocolysis within seven days before inclusion, and 

contra-indications for tocolysis, such as suspected intra-uterine infections, fetal distress or lethal 

congenital abnormalities. Women who had iatrogenic delivery within seven days after inclusion 

were also excluded. All women provided written informed consent before entering the study. 



72    |    Chapter 5

 We obtained fetal fibronectin and cervical length measurement in all participating women. 

Cervical length measurement in symptomatic women until 34 weeks is standard care in the 

Netherlands  and  is performed by clinically active physicians, who are trained in transvaginal 

sonography and perform cervical length measurements themselves. In order to standardize 

these measurements, all participating physicians were given a set of instructions and a 

pocket card with illustrated examples of accurate cervical length measurements. We used the 

qualitative Rapid fetal fibronectin TLI
IQ

 analyser (Hologic) with a 0.050 μg/mL cut-off for the fetal 

fibronectin test. In addition, data collection included maternal characteristics, results from digital 

examination and laboratory tests, treatment related to preterm labour, and details of delivery 

and neonatal outcomes. 

Data analysis

The outcome of interest was spontaneous preterm delivery within seven days. We developed 

two prediction models using logistic regression: the first model with cervical length and 

fibronectin as predictors and a second model with candidate predictors added to cervical length 

and fetal fibronectin.

 These candidate predictors were selected based on medical literature, and can be found 

in Table 1.1;9;10 The variables parity and previous preterm delivery were combined in a new 

categorical variable because nulliparous women cannot have had a previous preterm delivery; 

we used nulliparous women as the reference and multiparous with and without a history of 

previous preterm delivery as the other categories. 

 Approximately 1,870 data points (14%) for the predictors were missing, ranging from 0% 

missing values for maternal age to 41% for C-reactive protein. Missing data were interpreted as 

missing at random (MAR). Since it is well documented that exclusion of  incomplete cases can 

yield biased results, we corrected the missing values using multiple imputation (10 times).15-17 

The variables maternal age, BMI, number of contractions, C-reactive protein, cervical length and 

dilatation were analysed as continuous variables, whereas all other variables were dichotomous. 

Before developing the logistic models, linearity between these continuous variables and the 

outcome were checked using cubic spline analyses.18 Variables were transformed in case of 

significant non-linearity.

 For the model including all candidate predictors univariable logistic regression analysis 

was used to evaluate the individual association between the candidate predictors and delivery 

within seven days. Because of the low incidence of spontaneous preterm delivery within seven 

days, we did a pre-selection of predictors for inclusion in the multivariable logistic regression 

analysis. We used the Akaike Information Criterion, meaning that predictors with a level of 

significance smaller than 0.157 were selected.19 We used backwards elimination to arrive at a 

parsimonious model using the same Akaike Information Criterion.19 We performed this selection 

in each imputation set separately to account for differences between imputation sets. Predictors 
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for the final multivariable model were selected using the majority method, which means that 

predictors were selected if in at least five out of ten imputed data sets.20

 The estimates for the regression coefficients of both multivariable models were based on a 

combination of the regression coefficients in each imputation set separately, using Rubin’s rules. 

To avoid a too optimistic performance of the model with overestimated regression coefficients, 

we used bootstrapping techniques in which the predictor selection was repeated as well. One 

hundred bootstrap samples of equal size as the original data (n=708) were drawn from the 

original dataset with replacement, allowing for multiple sampling of the same individual. This 

resulted in a shrinkage factor that we applied to the regression coefficients.18;21

 The two models were compared in terms of overall fit, discrimination and calibration. Model 

fit of the models was expressed with Nagelkerke R2 . Improvement in model fit by adding patient 

characteristics to the fibronectin test and cervical length was tested with the X2 test.  The area 

under the receiver operating characteristics curve (AUC) was used to express the models’ ability 

to discriminate between women who delivered within seven days and those who delivered 

after seven days. We studied the calibration of the models with a calibration plot, showing the 

agreement between the observed and the predicted risks of delivery within seven days. 

 To evaluate whether adding patient characteristics to cervical length and fibronectin 

improves the capability of the model to identify low-risk patients we compared the two models 

in terms of reclassification.22  A low risk was defined as a risk of preterm delivery within seven 

days below 5%, which corresponds with a cervical length of at least 25 mm. The reclassification 

table summarizes the number of women who were correctly reclassified from high risk to low 

risk and from low risk to high risk in the prediction model, when compared to the model using 

only cervical length and fetal fibronectin.22 Data analyses were performed in R version 2.10.0 (The 

R foundation for Statistical Computing, 2009) and SPSS version 20.0 (Chicago, IL, USA).

RESULTS

We included 714 women in our nationwide cohort. We excluded 6 women who underwent 

labour induction or had an elective caesarean section within seven days after study entrance, 

leaving 708 women in the study group. Ninety-six women (14%) delivered within seven days 

after presentation. Baseline characteristics of the study population are presented in Table 1, 

which shows summary statistics after imputation. BMI and C-reactive protein showed a non-

linear relationship with the risk of preterm delivery, and we applied a logarithmic transformation 

to better approach linearity. 
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TABLE 1 - Baseline demographic and clinical characteristics of the total study population 

Missings 
(before 

imputation)
n (%)

Delivery 
within 
7 days 

N=96 (14%)*

Delivery 
beyond 
7 days 

N=612 (86%)*

Total  
N=708 

(100%)*

Age – yr (mean ± SD) 0 31.3 ± 5.2 29.5 ± 5.3 29.7 ± 5.3

Caucasian race (n (%)) 0 58 (60) 355 (58) 413 (58)

Body-Mass Index kg/m2 (median (IQR)) 83 (12) 22.4
 (20.7 – 25.5)

22.4 
(20.3 – 25.2)

22.4 
(20.3 – 25.2)

Nulliparous (n (%)) 0 72 (75) 297 (49) 369 (52)

Previous preterm birth <37 wks 0 13 (14) 141 (23) 154 (22)

Multifetal gestation (n (%)) 0 23 (24) 85 (14) 108 (15)

Smoking (n (%)) 54 (8) 12 (12) 91 (15) 102 (14)

Vaginal bleeding (n (%)) 16 (2)

     None 52 (55) 556 (91) 608 (86)

     Minimal  29 (30) 49 (8) 77 (11)

     Active  15 (16) 7 (1) 22 (3)

Contractions (nr per 30 min, median (IQR)) 150 (21) 6.0 (3.0 – 9.0) 6.0 (4.0 – 9.0) 6.0 (4.0 – 9.0)

Laboratory examination at study entry

C-reactive protein (mg/L) (median (IQR)) 291 (41) 13.5 (5.0 – 28.3) 4.0 (2.0 – 8.0) 5.0 (2.0 – 10.0)

Urinary tract infection (n (%)) 131 (19) 16 (17) 98 (16) 114 (16)

Fibronectin status positive (n (%)) 30 (4) 85 (89) 245 (40) 330 (46)

Vaginal examination at study entry

Cervical length – mm (mean ± SD) 13 (2) 10.2 ± 9.0 27.5 ± 11.3 25.2 ± 12.5

Dilatation – cm (median (IQR)) 165 (23) 1.0 (1.0 – 2.0) 0.0 (0.0 – 1.0) 0.0 (0.0 – 1.0)

Effacement (n (%)) 200 (28)

      0% 7 (7) 200 (33) 207 (29)

      25% 3 (4) 124 (20) 128 (18)

      50% 21 (22) 196 (32) 217 (31)

      75% 14 (15) 62 (10) 76 (11)

      100% 51 (53) 30 (5) 81 (11)

Position cervix (n (%)) 240 (34)

      Posterior 32 (34) 352 (58) 385 (54)

      Median 50 (52) 212 (35) 262 (37)

      Anterior 14 (14) 48 (8) 61 (9)

Consistency (n (%)) 227 (32)

       Firm 6 (6) 123 (20) 129 (18)

       Moderately soft 40 (42) 336 (55) 376 (53)

       Very soft 50 (52) 153 (25) 203 (29)

Engagement (fetal station) (n (%)) 270 (38)

        Hodge 1 69 (71) 456 (75) 524 (74)

        Hodge 2 10 (10) 43 (7) 53 (7)

        Hodge 3 18 (18) 113 (19) 131 (19)

Data are presented as number of patients (%) of the total study population for categorical and dichotomous 
variables and mean ± standard deviation (SD) or median (IQR) for continuous variables. *, after multiple 
imputation
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TABLE 2 - Results of the univariable and multivariable analyses of predictors of spontaneous preterm 
delivery within seven days in symptomatic women

 Univariable Multivariable*

OR 95% CI OR 95% CI

Age  (yr) 1.06 1.02 – 1.11 1.09 1.02 – 1.16

Caucasian race 1.11 0.71 – 1.72     N/A N/A

Log Body-Mass Index (kg/m2) 1.87 0.55 –6.41 N/A N/A

Parity and previous PTD

     Nulliparous Reference Reference

     Multiparous noPTD 0.28 0.15 – 0.53 0.45 0.19 – 1.09

     Multiparous PTD 0.36 0.19 – 0.68 0.44 0.17 – 1.13

Multifetal gestation 1.95 1.16 – 3.29 1.49 0.68 – 3.26

Smoking 0.77 0.37 – 1.59 N/A N/A

Vaginal bleeding 

     None Reference Reference

     Active  22.02 8.60 – 56.35 16.82 4.05 – 69.75

     Minimal 6.25 3.62 – 10.78 3.98 1.74 – 9.13

Contractions (nr per 30 min) 0.96 0.89 – 1.03 N/A N/A

Laboratory examination at study entry

Log C-reactive protein (mg/L) 2.05 1.64 –2.58 1.90 1.31 – 2.77

Urinary tract infection 1.07 0.55 – 2.08 N/A N/A

Fibronectin status positive 11.87 5.99 – 23.50 2.87 1.23 – 6.72

Vaginal examination at study entry

Cervical length (mm) 0.84 0.82 – 0.87 0.89 0.85 – 0.93

Dilatation  (cm) 2.92 2.21 – 3.86 1.53 1.04 – 2.25

Effacement

      0% Reference

      25% 0.81 0.18 – 3.66 N/A N/A

      50% 3.32 1.30 – 8.48 N/A N/A

      75% 7.23 2.34 – 22.35 N/A N/A

      100% 51.08 20.21 – 129.1 N/A N/A

Position cervix

      Posterior Reference

      Median 2.60 1.5 – 4.4 N/A N/A

      Anterior 3.60 1.2 – 11 N/A N/A

Consistency

       Firm Reference

       Moderately soft 2.41 0.93 – 6.24 N/A N/A

       Very soft 6.64 2.54 – 17.37 N/A N/A

Engagement (fetal station)

        Hodge 1 Reference

        Hodge 2 1.78 0.34 – 9.31 N/A N/A

        Hodge 3 1.03 0.45 – 2.35 N/A N/A

Pooled estimates based on imputed data.  PTD, preterm delivery; *, if the variable had p-value < 0.157 in the 
univariable analysis, it was considered in the final (multivariable) model
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In the prognostic model with cervical length and fetal fibronectin, each as sole predictors, longer 

cervical length was associated with a lower risk of preterm delivery (OR 0.86 per mm (95% CI 

0.83 – 0.89); regression coefficient -0.15). A positive fibronectin test was associated with a higher 

risk of preterm delivery (OR 4.34 (95% CI 2.06 – 9.16);  regression coefficient 1.47). Coefficients are 

presented after shrinkage with an average shrinkage factor of 0.99.  The model’s AUC was 0.90 

(95% CI 0.87 – 0.93). The calibration plot of the model is shown in Figure 1a. Considering a risk 

equal or greater than 5% as a positive test result, the model showed a positive predictive value 

of 28%, and a negative predictive value of 98%.

 Table 2 shows the results of the univariable and multivariable analyses performed to create 

a model based on all potential predictors. According to the predefined rules for backwards 

elimination parity and previous preterm delivery and multifetal gestation would have been 

eliminated from the model, but since these are well known predictors we included them into 

the model. 

 The final multivariable model is shown in Table 3. It includes the variables maternal age, 

parity and previous preterm delivery, multifetal gestation, vaginal bleeding, cervical length, 

dilatation, log C-reactive protein and positive fetal fibronectin test. The model is presented after 

shrinkage with an average shrinkage factor of 0.86. 

TABLE 3 - Final multivariable model for predicting spontaneous preterm delivery within seven days in 
symptomatic women

 Beta* OR (95% CI)

Intercept -4.45

Age (yr) 0.073 1.08 (1.01 – 1.15)

Parity and previous PTD

     nulliparous Reference

     multiparous noPTD -0.68 0.51 (0.21 – 1.21)

     multiparous PTD -0.70 0.50 (0.20 – 1.26)

Multifetal gestation 0.34 1.41 (0.65 – 3.05)

Vaginal bleeding 

     None Reference

     Active 2.42 11.27 (2.80 – 45.30)

     Minimal 1.19 3.27 (1.46 – 7.35)

Log C-reactive protein (mg/L) 0.55 1.74 (1.23 – 2.45)

Fibronectin status positive 0.91 2.47 (1.07 – 5.70)

Cervical length (mm) -0.099 0.91 (0.87 – 0.95)

Dilatation (cm) 0.37 1.44 (1.00 – 2.07)

AUC = 0.94 (95% CI 0.91 - 0.96) PTD, preterm delivery before 37 weeks gestation; *, coefficients were shrunken 
with an average shrinkage factor 0.86 
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FIGURE 1 - Calibration plots of the multivariable model, including only cervical length and fetal fibronectin 
as predictors (above) and the final multivariable model, including all significant predictors (below), 
demonstrating the agreement between the risks of delivery within seven days as predicted by multivariable 
analysis and the observation of delivery within seven days.

Adding patient characteristics to a model with cervical length and fibronectin significantly 

increased model fit (chi-square 716, 8 degrees of freedom; p < 0.001). The model’s AUC was 0.94 

(95% CI 0.91 to 0.96). The calculated probabilities derived from our multivariable model ranged 

from 0% to 99%. The calibration plot of the model is shown in Figure 1b. Considering a risk equal 
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or greater than 5% as a positive test result, the multivariable model showed a positive predictive 

value of 31%, and a negative predictive value of 98%. 

 A total of 91 women (13%) were reclassified by using patient characteristics in the prediction 

of preterm delivery in addition to fibronectin and cervical length; 28 women (4%) were 

reclassified from low risk (risk < 5% of delivery within seven days) to high risk and 63 women (9%) 

were reclassified from high risk to low risk. Preterm delivery within seven days occurred in two of 

the 28 women reclassified as high-risk (7%) and in two of the 63 women reclassified as low-risk 

(3%). Thus, in total, 35 women (5%) could be saved from unnecessary referral and overtreatment 

using our multivariable model, without compromising the number of women that incorrectly 

was not classified as high risk (Table 4). 

TABLE 4 - Reclassification table, showing the number of women reclassified from high risk to low risk and 
vice versa using the final multivariable model compared to the model with only cervical length and fetal 
fibronectin as predictors.

Final model

Low risk High risk Total

Model CL & 
fFN 

Low risk 358 (5 PTD – 1%) 28 (2 PTD – 7%) 386 (6 PTD – 2%)

High risk 63 (2 PTD – 3%) 259 (88 PTD – 34%) 322 ( 90 PTD – 28%)

Total 421 (7 PTD – 2%) 287 (89 PTD – 31%) 708 (96 PTD – 14%)

CL, cervical length; fFN, fetal fibronectin; PTD, preterm delivery within 7 days

COMMENT

In this study we assessed whether a prognostic model that integrates patient characteristics, 

cervical length and fetal fibronectin predicts preterm delivery more accurately than the 

combination cervical length and fetal fibronectin. The model consisted of the variables maternal 

age, multifetal gestation, parity and previous preterm delivery, vaginal bleeding, C-reactive 

protein, a positive fetal fibronectin result, cervical length and dilatation. The model showed 

excellent discriminative ability, with an AUC of 0.94. Furthermore, the model identified five 

percent additional women with a low risk to deliver within seven days compared to the model 

including only cervical length and fetal fibronectin. 

 We used a well-described, large, nationwide cohort for developing this prediction model. 

Relatively few data were missing, and especially the information of cervical length and fibronectin 

status, which was known in almost all cases, adds an important value to this study. A limitation 

of this study is the relatively small number of events, which limited our ability for building a 

multivariable model. Even though it has been suggested that for each candidate predictor 

studied at least ten events are required, Vittinghoff and McCulloch described that this number 

could be lower in certain circumstances.23 The small number of events reduces power, and 

known predictors might not act as a predictor in our model. For example, multifetal gestation 



5

Chapter

Prediction model for preterm delivery on the short term in symptomatic women   |    79

appeared not to be significant as a predictor for preterm delivery. Nevertheless, we retained the 

variable in our final model because of the well-known association between multifetal gestation 

and preterm delivery. Many studies showed that twins are more likely to be delivered preterm 

than singletons.10 The low number of events also precluded tests for interaction in the developed 

prediction models. We also regret that we were not yet able to perform an external validation of 

the developed prediction models.

 Several studies have reported promising results of combining cervical length and fetal 

fibronectin measurements to predict spontaneous preterm delivery in symptomatic women, 

including our own APOSTEL-I study.2;11;14 Measuring cervical length and fetal fibronectin has 

been shown cost-effective by reducing unnecessary healthcare costs without compromising 

neonatal outcome.24;25 The study presented here addressed the question whether prediction of 

preterm delivery in symptomatic women can be further improved by adding predictors. Previous 

studies have mainly reported risk assessment in early pregnancy as a screening method for the 

general or high risk pregnant population, whereas we concentrated on women with symptoms 

of preterm labour.1;9;10

 In our model, both multiparity and a history of preterm delivery appeared to have a protective 

effect on delivering preterm compared to nulliparous women as the reference group. The relation 

is inconsistent with what is known from the literature, as several studies have showed that 

women with a previous preterm delivery have a greater change to deliver preterm.10 Yet, women 

who have experienced a previous preterm delivery may be more sensitive to any complaints 

indicating another preterm delivery, as are their clinicians. These women may visit the hospital 

with less severe complaints than women without a history of preterm delivery, because they are 

more worried about their pregnancy or as they have been advised by their physician.

  Additional patient characteristics in our final model resulted in a more precise prediction 

of women who are at low risk (<5%) of spontaneous preterm delivery. All data required for the 

use of the model can be available within an hour, which could make this model clinically useful 

to facilitate clinical decision-making regarding admission, in utero transfer and administration 

of antenatal corticosteroids and/or tocolysis. High risk patients may benefit from longer 

hospitalization, and other treatment possibilities for preterm labour. On the other hand, it allows 

clinicians to avoid unnecessary transfers and interventions in low-risk groups, and thereby 

reduce medical costs. It also reduces the dilemma of repeated steroids administration later in 

pregnancy.26  Moreover, the model could be used in counselling parents for which preterm 

labour is anticipated. 

 Individual risk assessment of preterm delivery remains challenging and we should focus on 

expanding the development, validation and implementation of prediction models. Quantitative 

fetal fibronectin might add to the prediction of preterm delivery.27;28 We need to standardise the 

collection of well-defined variables, since they proved to have a good predictive value in de 

prediction of preterm delivery. Cost-effectiveness analyses are needed to evaluate whether the 

use of prediction models leads to a reduction of unnecessary healthcare costs. 
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 In conclusion, a prediction model with various patient characteristics added to fetal 

fibronectin and cervical length leads to a more precise prediction of women who will not deliver 

within seven days after presentation. Prediction models like these should be implemented 

after external validation to save as many women as possible from unnecessary transferral and 

overtreatment.
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