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Preterm birth is a global obstetrical problem with long-term consequences for 
individual women and children, and it is a major burden for society. Effective 
reduction of preterm birth is necessary to achieve the Millennium Development 
Goals for maternal and child health set by the World Health Organisation (WHO).
(1) There is no single strategy to reduce preterm birth because its aetiology is 
multifactorial with different phenotypes.(2–4) Keystones for adequate prevention 
of preterm birth are reliable identification and effective treatment of women with 
an increased risk of preterm birth. However, there are a number of caveats in the 
identification and treatment of women with an increased risk of preterm birth. Thus 
further improvement is necessary to achieve the goals set by the WHO.(5) The aims 
of the studies incorporated in this thesis were twofold, with the overall objective to 
improve the prevention of preterm birth. Focus of this thesis was on improvement 
of identification and of treatment of women with an increased risk of preterm birth. 

In the general introduction (chapter 1) we outlined the specifics research questions 
addressed in this thesis. This thesis was divided in two parts; part one addresses 
improvement of identification, part 2 dresses improvement of treatment of women 
with an increased risk of preterm birth. Valid identification is necessary to accurately 
distinguish women with an increased risk. Cervical length and fetal fibronectin (fFN) 
are two clinical parameters that are frequently applied to make a short and long-
term risk assessment for preterm birth.(6) However, despite frequent application of 
both tests in clinical practice there are still aspects of both tests that compromise 
applicability and validity of results. Our aims were to improve the applicability and 
validity of both tests. Besides valid identification, effective treatments are needed 
to able to reduce the incidence of preterm birth. In this thesis, we focussed on 
further evaluation of two treatment options for a specific group of women at risk of 
preterm birth for which is currently no treatment available. Our specific aims were 
to evaluate the effectiveness of treatment with progesterone and treatment with a 
cervical pessary for women who did not deliver after an episode of preterm labour. 
Below we summarise the main findings of the studies included in this thesis and will 
discuss the implications for clinical practice and further research. 

Part 1 Improving identification

The mechanism behind cervical shortening is unknown. Unravelling this mechanism 
contributes to the understanding of the aetiology of preterm birth. Secondly it can 
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help to identify women at risk of short cervical length. In chapter 2 we studied 
indicators that were associated with midtrimester cervical length to improve insight 
in the mechanism behind cervical shortening and preterm birth. We identified 10 
potential indicators that are known to be associated with an increased risk of preterm 
birth and/or which have a plausible mechanism resulting in a change of cervical 
length. A total of 1,447 women with a multiple pregnancy were studied who had a 
cervical length measurement between 16 and 22 weeks of gestation. Maternal age 
(+0.27 millimetres (mm)/year; 95% CI 0.16 to 0.39), use of assisted reproductive 
technologies (ART, in-vitro fertilization and intracytoplasmic sperm injection) (-1.42 
mm, 95% CI -2.6 to -0.25) and having delivered at term in a previous pregnancy 
(+1.32 mm, 95% CI 0.25 to 2.39) were significantly associated with cervical length. 
The results suggest that risk factors of preterm birth mediate the risk of preterm 
birth through cervical length in both a positive and a negative way.

In clinical practice a single cervical length measurement is performed for preterm 
birth risk assessment. This measurement must be reliable because you want to 
reassure women with a low risk of preterm birth and on the other hand it has 
important consequences for pregnancy management for women with short cervical 
length. Repeating a cervical length measurement for verification could increase 
precision. In chapter 3 we reanalysed a nationwide cohort of 12,358 women with a 
midtrimester cervical length measurement. Two hundred twenty-one women (2%) 
had a cervical length ≤ 30mm at the initial measurement. A second cervical length 
measurement was performed in 167 of these women, of which 84 (38%) had a 
positive verification (≤ 30mm), 83 (38%) had a negative verification (> 30mm). In 
54 (24%) of women the verification measurement was not performed. The risk of 
preterm birth was increased for women in all three groups with odds ratios (ORs) of 
5.2 (95% CI 3.0 to 9.2), 3.1 (95% CI 1.5 to 6.2), 2.5 (95% CI 0.97 to 6.2) for positive 
verification, negative verification, and verification not performed, respectively. The 
odds ratio of preterm birth based on the first cervical length measurement was 3.7 
(95% CI 2.5 to 5.6). We concluded that a second cervical length measurement to 
verify short cervical length does not improves the identification of short cervical 
length, thus a single measurement is currently sufficient.

In current literature reported cut-off points for short cervical length range between 15 
and 35 mm. This points out the need for standardization. In chapter 4 we presented 
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an exploratory study to assess distributions of cervical length and the relation to 
preterm birth in women with a multiple pregnancy in Europe. We used individual 
participant data of 2,026 European (Austria, Denmark, The Netherlands, Spain, and 
United Kingdom) women with a multiple pregnancy to assess distributions of cervical 
length and the association between cervical length and spontaneous preterm birth. 
Besides using cervical length as an absolute measure, we also standardized cervical 
length based on percentiles. We defined a dichotomous cut-off point based on the 
lowest quartile of cervical length. The absolute distribution of cervical length was 
different in all countries (ANOVA, p < 0,001). Cut-off points for the lowest quartile 
in Austria, Denmark, The Netherlands, Spain, and The United Kingdom were 32, 34, 
38, 36 and 29 mm, respectively. In all countries, cervical length was associated with 
spontaneous preterm birth. The relationship between standardized cervical length 
and preterm birth was consistent in all countries. Thus, standardization of cervical 
length using percentiles is the potential key to define a uniform cut-off point for 
short cervical length.

Concerns have been raised that external factors, such as transvaginal sonography, 
digital examination, vaginal bleeding, and sexual intercourse prior to testing can 
contribute to false positive, false negative or invalid fFN test results because it could 
lead to iatrogenic release of fFN. Furthermore, it is advised by the Manufacturer 
to avoid contamination with lubricants, soaps or disinfectants. However, in clinical 
situations it is sometimes inevitable to avoid these situations. Chapter 5 presents 
a study that investigated all these external factors on false positive, false negative 
and invalid test results for prediction of delivery within seven days. We studied 708 
women, of which 237 (33%) had a false positive result. None of the factors was 
associated with false positive, false negative or invalid test results. Vaginal bleeding 
increased the number of positive fFN results, however resulted in a lower risk of 
false positive test results. Ten women (1%) had a false negative result. None of 
the investigated factors was associated with a higher risk of false negative results. 
Twenty-one tests (3%) were invalid; only vaginal bleeding was associated with an 
invalid test result. This study supports the recommendation to avoid fFN testing 
in women with vaginal bleeding because interpretation of results is impaired. On 
the other hand, in case of any of the other situations (prior digital examination or 
transvaginal ultrasound) results of fFN can be relied on. 



10

172

Cervical length and fFN are frequently combined to predict the risk of short term 
delivery (within 48 hours or seven days) in women with symptoms of preterm 
labour. Besides short-term prediction it is also of value to assess the capacity for 
long term prediction of preterm birth of these test results because 90% of women 
with symptoms of preterm labour are still pregnant after seven days. In chapter 6 
we assessed the predictive capacity of cervical length fFN in women with preterm 
labour that remained pregnant after seven days. This study found that the risk 
of delivery between 7 and 14 days was significantly increased for women with a 
cervical length less than 15 mm, HR 22.3 (95% CI 2.6 to 191), or a cervical length 
between 15 and 30 in combination with a positive fFN, HR 14 (95% CI 1.8 to 118) 
compared to women with a CL of 30 mm or more. For spontaneous preterm birth 
before 34 weeks the risk was increased for women with a cervical length below 
15 mm or with a cervical length between 15 and 30 mm with either positive or 
negative fFN compared to women with of cervical length of 30 mm or more. Initial 
cervical length and fFN can also be used for long term risk assessment in women 
with symptoms of preterm labour, especially to identify and reassure women with 
a low risk of preterm birth. 

Part 2 Improving treatment

Women who experienced an episode of preterm labour and do not deliver remain 
at an increased risk of preterm birth in the following weeks of pregnancy. Studies 
on progesterone were inconclusive. The largest RCT on vaginal progesterone and 
women with preterm labour even suggested an increased risk for preterm birth 
women using progesterone. Chapter 7 was a reanalysis of this RCT with the objective 
to assess differences in women with preterm labour and susceptibility for vaginal 
progesterone. This RCT (n=385) was performed in Switzerland and Argentina. We 
found that Swiss and Argentinian women were significantly different on baseline 
characteristics as a result of different inclusion criteria. The overall risk of preterm birth 
was higher in Argentina compared to Switzerland, and progesterone had no effect 
on the risk of preterm birth in Argentinean women. In Switzerland, progesterone 
increased the risk for preterm birth compared to placebo. We concluded that 
differences in susceptibility for progesterone were caused by differences in a priori 
risk for preterm birth based on differences in baseline characteristics. Secondly, that 
in specific groups of women with preterm labour progesterone may even cause 
harm by increasing the risk of preterm birth. 
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At present, there is no effective treatment for women who do not deliver after 
an episode op preterm labour. However, whether a cervical pessary could be an 
effective strategy to prevent preterm birth in these women is unknown. In chapter 
8 we described a study protocol of an open label RCT to investigate the effectiveness 
of the cervical pessary compared to no treatment after preterm labour. Women 
between 24 and 34 weeks of gestation with a short cervical length (less than 15 
mm) or an intermediate cervical length (between 15 and 30 m) with a positive 
fFN were eligible for inclusion. Women were randomized between pessary and 
no treatment (current standard). The primary outcome was preterm birth before 
37 weeks. Secondary outcomes encompassed a composite adverse perinatal 
outcome. Between November 2013 and September 2016 this RCT was performed 
in 7 perinatal centres in the Netherlands. Chapter 9 described the result of this RCT. 
After recruitment of 166 women the trial was stopped for futility and significant 
patient discomfort on advice of the data monitoring and safety committee. Forty-
eight percent of women delivered before 37 weeks in the cervical pessary group 
compared to 39% in the control group (RR 1.2, 95% CI 0.83 to 1.8). There was 
also no difference in composite adverse perinatal outcome in the cervical pessary 
group (15%) compared to the control group (13%) (RR 1.2, 95% CI 0.49 to 2.9). 
Unfortunately, one woman in the cervical pessary group suffered from a cervical 
rupture requiring reconstructive surgery. The cervical pessary is not effective to 
reduce the risk of preterm birth for women who do not deliver after an episode of 
preterm labour. 

Implications for clinical practice and future research

The objective of this thesis was to improve the prevention of preterm birth by 
improving the identification and treatment of women with an increased risk of 
preterm birth. This thesis provides new insights on both aspects and this knowledge 
can be applied in clinical practice and it provides starting points for future research. 
In the next section, we will present our view how to incorporate the findings of this 
thesis, and which starting points should be targeted for future research. 

Improving identification

Screening strategies for preterm birth should accurately stratify between women 
with an increased risk of preterm birth and women who are unlikely to deliver in 
order to target care at those most likely to benefit. This applies for asymptomatic 
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women as well as for women with preterm labour. Current available tests are 
characterised by a high negative predictive value at the expense of the positive 
predictive value and vice versa.(7)

In asymptomatic women measurement of cervical length with transvaginal 
ultrasound is amongst those tests that are frequently applied to screen for an 
increased risk of preterm birth. Cervical length screening in a general obstetric 
population is debated because its effectiveness is low as a result of low prevalence of 
short cervical length, a high number of false positive screening results, and available 
treatments have a little effect in the overall groups.(8–11) Factors contributing to this 
are the lack of a uniform cut-off point for short cervical length and little knowledge 
about the mechanism of cervical shortening and thus of targeted screening. This 
pollutes the group of women with high risk of preterm birth with false positive 
test results (women with actual low risk of preterm birth), resulting in a poor 
performance of the screening test, and subsequently in the dilution of a potential 
treatment effect if these women are treated or enrol in a RCT. On the other 
hand, cervical length measurement is well tolerated by women, it has acceptable 
reproducibility if adhered to measurement criteria and it takes only a small amount 
of time to perform.(12–14) So there is a need to improve the performance of cervical 
length screening. 

In chapter 2 we found that risk factors associated with preterm birth also influenced 
cervical length. Increasing maternal age and women with a history of previous term 
birth had a longer cervical length compared to young and nulliparous women, who 
have a higher risk of preterm birth. This is in concordance with another study that 
found a shorter cervical length in women who were younger.(12) This study also found 
a shorter cervix in women with previous preterm birth and women with low pre-
pregnancy weight, two other risk factors of preterm birth.(15,16) In addition we found 
that cervical length was also shorter in women who conceived with ART, another 
group that is considered to have an increased risk of preterm birth.(17) This might 
be caused by cervical manipulation that is inherent to ART procedures leading to 
cervical damage, which is supported by a meta-analysis showing an increased risk 
of preterm birth in women who had a curettage for pregnancy loss.(18) We are not 
sure this is the causal mechanism because in women with cervical dysplasia cervical 
length was an independent predictor for preterm birth apart from loop excision or 
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conisation.(19) Having knowledge on factors that are associated with cervical length 
allows us to target cervical length screening to women who are more prone for an 
increased risk of preterm birth based on short cervical length. Future studies should 
further assess mechanisms behind cervical shortening by including other important 
factors such as bacterial vaginosis and develop and evaluate targeted screening 
strategies for women with an increased risk of short cervical length.(20)

Improvement of the cervical length measurement itself and accurate definition 
of short cervical length will also contribute to an improvement of cervical length 
screening. In chapter 3 we concluded that a single cervical length measurement to 
identify a short cervical length is currently sufficient. Reported variance of cervical 
length measurement is less than 10% and absolute differences for intra- and inter-
observer variance range between 3 and 5 mm.(13) Although this is considered as 
good, women will go back and forth from low to high risk when performing multiple 
measurements. If these test characteristics are improved than repeating a cervical 
length measurement may be of additional value and should be evaluated again. 
However, this is also conditional on better adherence to the uniform criteria of 
cervical length measurement and unbiased assessment by the sonographer.(14,21) 
Another point to improve cervical length measurement is to define a uniform cut-off 
point for short cervical length. This cut-off point is now based on absolute cervical 
length, however cervical length distributions are different leading to different 
prevalence rates of short cervical length and accompanying risk of preterm birth. 
In chapter 4 we standardized cervical length based on percentiles and defined a 
dichotomous cut-off point based on the lowest quartile in five European countries. 
Although absolute cervical length was different for all countries, the association 
between standardized cervical length and preterm birth was consistent in all 
countries. Thus, standardization is the potential key to define a uniform cut-off 
point. We performed this study only in multiple pregnancies and predefined a cut-
off point. Future studies have to repeat this analysis for singleton pregnancies and 
further evaluate the optimal cut-off point with a receiver operating characteristics 
(ROC) curve. There is also relationship between gestational age and cervical length, 
thus it would be interesting to incorporate the optimal timing of cervical length 
measurement in to this as well.(22)
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Fetal fibronectin is combined with cervical length to improve prediction in women 
with preterm labour. We have demonstrated in this thesis that fFN is a reliable test 
(chapter 5) in all circumstances except for women who experience vaginal bleeding. 
The combination of cervical length and fFN is besides short-term prediction also 
suitable for prediction beyond seven days, especially to identify women with a low 
risk of preterm birth (chapter 6). A downside of standalone fFN or in combination 
with cervical length remains the relative poor positive predictive performance, 
resulting in overtreatment of women.(23) The fFN test that was used in our study 
provided a quantitative result (positive or negative). A new available fFN test 
quantifies the amount of fFN. Despite that the level of fibronectin concentration 
provides more information on the likelihood of delivery, in combination with 
cervical length quantitative fFN did not result in a better classification of women 
in comparison with qualitative fFN.(24) Other biomarkers may provide the solution 
for this problem. A promising biomarker is placental alpha macroglobulin 1 (PAMG-
1). This is a protein produced by the decidua and is mainly found in the amniotic 
fluid. Based on the first results PAMG-1 looks promising, with a high negative and 
positive predictive value for delivery within 7 days of 97% and 78%, respectively.(25) 
In comparison with fFN PAMG-1 was superior in positive predictive value.(26) Both 
studies have included only a small number of women, thus further evaluation in 
larger studies and direct comparisons with fFN and cervical length are necessary to 
confirm clinical applicability. 

Improving treatment

After we have accurately identified women with an increased risk, effective 
treatments should be available to reduce the risk of preterm birth. In this thesis 
we focused specifically on the risk group of women who did not deliver after an 
episode of preterm labour. 

Progesterone is a treatment that has shown effectiveness in asymptomatic women 
with a singleton pregnancy and a history of preterm birth or with a short cervical 
length.(27,28) However, once women have developed clinical symptoms of preterm 
labour it is hard to prevent preterm birth because they are already on the final 
common pathway towards delivery. Based on the results in chapter 8 (progesterone) 
and chapter 10 (cervical pessary) we have to conclude that there is currently no 
effective treatment to reduce the risk of preterm birth for these women. A meta-
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analysis of vaginal progesterone in women who did not delivered after an episode 
of preterm labour suggested a reduction in the risk of preterm birth (relative 
risk (RR), 0.71; 95% CI, 0.57 to 0.90).(29) This meta-analysis covered a total of 441 
women; however, quality of the included studies was low. The trial (chapter 8) we 
reanalysed was placebo controlled and included 385 women with preterm labour.(30) 
In the women who were selected with cervical length measurement and fFN, that 
is comparable to us, we found even an increased risk of preterm birth in women 
using progesterone (hazard ratio (HR) 8.7 (95% CI 2.0 to 38). Also with the cervical 
pessary we were not able to reduce the risk preterm birth (RR 1.2, 95% CI 0.83 to 
1.8). An important question that comes forth from this is whether prolongation 
of pregnancy is of actual benefit, especially since there might be an underlying 
pathological mechanism. For example, tocolysis has shown to prolong pregnancy 
from 48 hours to 7 days; however, an effect on neonatal outcomes was never found.
(31) Other studies even suggest a potential harm from pregnancy prolongation.(32,33) 
Future studies on strategies to prevent preterm birth should therefore always be 
powered for neonatal outcomes and include long-term follow-up. As these studies 
require a higher power, international collaboration and uniform outcome criteria 
are required.(34,35) 

It is clear that there are still many difficulties in the prevention of preterm birth. 
Besides the points mentioned in this thesis there are different other points that 
need to be resolved but these are beyond the current scope. To further reduce the 
incidence of preterm birth in the future, we need to be able to identify only those 
women with a true increased risk. This can only be achieved through individual 
risk assessment based on multiple characteristics rather than a single characteristic. 
Secondly, this risk assessment has to be made early in pregnancy as women are still 
in a subclinical phase without symptoms. Because only in this early phase of the 
preterm birth cascade potential treatments will be able to slow down the cascade 
and reduce the risk of preterm birth. After we have accurately identified women 
with an increased risk, we have to develop and apply targeted treatment aimed 
at the specific mechanism behind preterm birth in these women. Finally, we have 
to accept that we will not be able to prevent all preterm births, for these cases we 
have optimize perinatal care to minimize the impact of it.
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