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Abstract

Introduction. Prediction models may contribute to personalized risk-based

management of women at high risk of spontaneous preterm delivery. Although

prediction models are published frequently, often with promising results,

external validation generally is lacking. We performed a systematic review of

prediction models for the risk of spontaneous preterm birth based on routine

clinical parameters. Additionally, we externally validated and evaluated the

clinical potential of the models. Material and methods. Prediction models based

on routinely collected maternal parameters obtainable during first 16 weeks of

gestation were eligible for selection. Risk of bias was assessed according to the

CHARMS guidelines. We validated the selected models in a Dutch multicenter

prospective cohort study comprising 2614 unselected pregnant women.

Information on predictors was obtained by a web-based questionnaire.

Predictive performance of the models was quantified by the area under the

receiver operating characteristic curve (AUC) and calibration plots for the

outcomes spontaneous preterm birth <37 weeks and <34 weeks of gestation.

Clinical value was evaluated by means of decision curve analysis and

calculating classification accuracy for different risk thresholds. Results. Four

studies describing five prediction models fulfilled the eligibility criteria. Risk of

bias assessment revealed a moderate to high risk of bias in three studies. The

AUC of the models ranged from 0.54 to 0.67 and from 0.56 to 0.70 for the

outcomes spontaneous preterm birth <37 weeks and <34 weeks of gestation,

respectively. A subanalysis showed that the models discriminated poorly (AUC

0.51–0.56) for nulliparous women. Although we recalibrated the models, two

models retained evidence of overfitting. The decision curve analysis showed

low clinical benefit for the best performing models. Conclusions. This review

revealed several reporting and methodological shortcomings of published

prediction models for spontaneous preterm birth. Our external validation

study indicated that none of the models had the ability to predict spontaneous

preterm birth adequately in our population. Further improvement of

prediction models, using recent knowledge about both model development and
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potential risk factors, is necessary to provide an added value in personalized

risk assessment of spontaneous preterm birth.

Abbreviations: AUC, area under the receiver operating characteristic curve;

BMI, body mass index; CHARMS, CHecklist for critical Appraisal and data

extraction for systematic Reviews of prediction Modelling Studies; CI,

confidence interval; PTB, preterm birth; sPTB, spontaneous preterm birth;

TRIPOD, transparent reporting of a multivariable prediction model for

individual prognosis or diagnosis.

Introduction

Preterm birth (PTB), usually defined as birth before

37 weeks of gestation, occurs in 5–10% of singleton preg-

nancies in Europe (1). The majority of preterm deliveries,

approximately 70%, start spontaneously (sPTB) (2). As

both perinatal mortality and morbidity are inversely

related to gestational age, health benefits may be achieved

by increased monitoring and preventive interventions,

resulting in a prolongation of pregnancy (3,4).

Progesterone treatment has been reported to reduce the

risk of sPTB before 34 weeks of gestation in women at

high risk (5,6). Cervical cerclage or application of a pes-

sary may also protect against sPTB (7–9). Evidence on

which of the three interventions is most effective is lim-

ited (7–9).
Women with a history of sPTB, cervical surgery or a

mid-pregnancy short cervix are considered to be at high

risk (10). Without routine cervical length screening, the

majority of nulliparous women are regarded as low risk

and thus do not receive any preventive treatment. How-

ever, universal cervical length screening in women with-

out a history of sPTB results in relatively high numbers

needed to screen (1147 in low-risk nulliparous women)

(11,12). Universal cervical length screening is not per-

formed in Dutch obstetric care. Besides a history of sPTB,

other risk factors have been associated with PTB, includ-

ing socioeconomic status, psychological characteristics,

family history, height, weight, and smoking (13). Early

risk assessment may be useful to identify women at risk

who may benefit from effective follow-up management

strategies.

In the past, several risk assessment tools for sPTB based

on a list of single risk factors were developed showing

low accuracy rates (14). In the last decade, a number of

promising prediction models based on multivariable

regression analysis for the risk of sPTB have been pub-

lished (15). Prediction models may be more accurate in

identifying women at high risk, as regression allows for a

more fine-tuned estimation of the weight of multiple risk

factors and possible inter-relations (16). A review of all

existing models assessing their methodological quality is

lacking. Moreover, most models have not been externally

validated, an essential step before implementation in clin-

ical practice (17). In this article, we performed a system-

atic review of all existing models predicting sPTB based

on routine clinical parameters obtained in first 16 weeks

of pregnancy. We externally validated and compared the

selected models in a Dutch multicenter prospective

cohort of pregnant women.

Material and methods

Data sources

This systematic review is reported in accordance with the

recently published guidelines for systematic reviews and

meta-analyses of prediction model performance (18). We

systematically searched PubMed and EMBASE up to 26

June 2017. Keywords for prediction studies were com-

bined with synonyms for the outcome sPTB appearing in

the title, abstract or MeSH terms. Reference lists of

included studies and related articles (i.e. reviews) were

manually checked to identify additional eligible articles.

The detailed search strategy is provided as Supporting

Information Appendix S1.

Eligibility criteria

We aimed to identify all published prediction models for

the risk of sPTB that are applicable in the first 16 weeks

of pregnancy and are based on non-invasive predictors

(Appendix S1). Studies were eligible if they met the fol-

lowing criteria: (i) the article presented a newly developed

Key Message

Prediction models may contribute to personalized

risk-based management of women at high risk of

spontaneous preterm delivery. This systematic review

identified promising non-invasive prediction models.

However, external validation indicated that no model

could adequately predict spontaneous preterm birth.
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prediction model, or a validation or update of a previ-

ously developed model in pregnant women, (ii) the out-

come of the model was the risk of sPTB, (iii) the model

contained more than one predictor, (iv) predictors were

available in Dutch obstetric practice (maternal character-

istics, anthropometric measures or blood pressure mea-

surements), (v) predictor values were obtainable during

first 16 weeks of pregnancy, (vi) these predictor values

were based on regression coefficients. Authors of the orig-

inal articles were contacted if the model algorithm or def-

initions of predictors were not available. Studies were

excluded when the regression coefficients could not be

obtained, the paper was written in a language other than

English, German, French or Dutch, or if it was a non-ori-

ginal study (i.e. review). Two researchers (L.M., P.v.M.)

screened the retrieved titles and abstracts and assessed the

eligibility of the full-text papers independently. Discrep-

ancies were resolved by discussion. A third reviewer (L.S.)

was available in case no consensus was reached.

The risk of bias of the included studies was assessed

using the CHecklist for critical Appraisal and data extrac-

tion for systematic Reviews of prediction Modelling Stud-

ies (CHARMS) (19). The following data were extracted

for each included study: source of data, participants, out-

come(s) to be predicted, candidate predictors, sample

size, handling of missing data, model development, model

performance, model evaluation, model presentation and

model interpretation. The risk of bias was critically

assessed for eight risk domains: source of data, partici-

pant selection, predictor assessment, outcome assessment,

sample size, attrition, analysis, and presentation of the

model. Risk of bias was rated as low if bias was unlikely,

moderate if there were no fatal shortcomings, and high if

essential errors were made. Previously published risk of

bias criteria were used and slightly adapted (20). Data

extraction and critical appraisal were performed indepen-

dently by two reviewers (L.M., P.v.M.). Discrepancies

were resolved by discussion and a third reviewer (L.S.)

was available in case no consensus was reached.

Data collection and analysis

The included prediction models were externally validated

in the Expect Study I (21). The main purpose of the

Expect Study I was to validate published prediction mod-

els for several obstetric complications in an independent

population. A multicenter prospective cohort study was

performed in 36 midwifery practices (primary care) and

six hospitals (secondary and tertiary care) in the south-

eastern part of The Netherlands between 1 July 2013 and

1 January 2015. The patients were followed up until 31

December 2015. All pregnant women up to 16 weeks of

gestation and aged 18 years or older were eligible. Eligible

pregnant women were asked to complete two web-based

questionnaires (a paper version was available upon

request), one before 16 weeks of gestation and the other

6 weeks after the estimated due date. The online ques-

tionnaires were accessible via the study website using a

unique login code provided with the study information.

Automatic reminders were sent in the case of incomplete-

ness or nonresponse. Medical records and discharge let-

ters were requested from caregivers. Pregnancies ending

in a miscarriage or termination before 24 weeks of gesta-

tion, and women lost to follow up, were excluded. For

this study, we also excluded multiple pregnancies and

cases of iatrogenic preterm onset of parturition.

Predictors in the included prediction models were

assessed by the pregnancy questionnaire completed before

16 weeks of gestation. We used the same definitions as

defined in the original articles (Supporting Information

Appendix S2).

The primary outcome sPTB was defined as a delivery

before 37 weeks of gestation with spontaneous onset of

parturition (primary contractions or preterm premature

rupture of membranes). Secondly, we defined early sPTB

as a spontaneously delivery before 34 weeks of gestation.

The outcome was obtained from a combination of the

medical record and postpartum questionnaire. Cause of

labor onset (i.e. spontaneous or not) was available in

both data sources. Duration of pregnancy was also avail-

able in both data sources and was moreover calculated

based on estimated due date and date of birth. Discrepan-

cies between the two variables and data sources were

checked. In the absence of the postpartum questionnaire

(n = 421 sPTB <37 weeks and n = 424 sPTB <34 weeks),

the medical record was used as reference standard and

vice versa (n = 16 for both sPTB <37 weeks and sPTB

<34 weeks).

A sample size of 2500 women was expected to provide

a minimum of 100 cases and 100 non-cases, assuming a

4.5% incidence rate of sPTB <37 weeks of gestation (22).

We imputed missing data for predictors using stochas-

tic regression imputation with predictive mean matching

as the imputation model (23). Characteristics of the vali-

dation cohort were described as an absolute value (per-

centage) for categorical variables and as mean � standard

deviation (SD) for continuous variables. We evaluated the

relatedness of development samples and validation cohort

by comparing the distribution of population characteris-

tics.

The original formulas were used to calculate individual

predicted probabilities for each model (Appendix S2). We

assessed the predictive performance of each model by means

of discrimination and calibration for the outcomes sPTB

<37 and <34 weeks of gestation, as described in the frame-

work reported by Steyerberg et al. (16). Discrimination
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indicates the ability of the model to distinguish between

women who will have a sPTB and those who will not. For

each model, we computed the area under the receiver

operating characteristic curve (AUC) with a 95% confi-

dence interval (CI). A subgroup analysis was performed

among nulliparous women, as a history of sPTB is a

strong risk factor for recurrent sPTB. Calibration refers to

the agreement between the actual outcomes and predicted

probabilities by the model. We constructed calibration

plots in which women were divided into 10 groups with

similar predicted risks, and calculated calibration-in-the-

large and the slope. Calibration-in-the-large (intercept),

which compares the mean predicted probabilities with

mean observed risk, indicates the extent to which predic-

tions are systematically too low or too high. The slope

refers to the average strength of predictor effects. Perfect

predictions have an intercept of zero and a slope of one

(17). The prediction models were recalibrated by adjusting

the intercept and slope using the linear predictor as the

only covariate. Discriminative performance (AUC) of the

models is not affected, as this recalibration method does

not change the ranking of the predicted probabilities (24).

A discriminative performance below 0.70 is generally con-

sidered moderate (16).

Lastly, we performed decision curve analysis to evaluate

the potential clinical utility of the models. Decision curve

analysis assesses the net benefit (proportion of true-posi-

tives and false-positives) of the prediction models over a

range of risk thresholds compared with considering all

and no women to be at high risk for sPTB (25). Sensitiv-

ity, specificity, and positive and negative predictive values

at certain risk thresholds were calculated for the model

with the highest overall net benefit.

Statistical analyses were performed with R version

3.4.1, packages rms, pROC, and DecisionCurve.

Results

General characteristics of the studies

The search identified 2018 unique articles. After title and

abstract screening, full text assessment was performed for

47 articles. Four articles fulfilled the eligibility criteria

(26–29). Reference cross-checking provided no additional

articles. An overview of the systematic study selection is

shown in Appendix S1.

The four included studies were all development studies

describing five models predicting the risk for sPTB based

on maternal characteristics. The studies were conducted

in four different countries and published between 2011

and 2014. Two studies used a prospective cohort design

and the other two were based on registry data. The num-

ber of predictors in the published prediction models

varied between 2 and 16. Common predictors were body

mass index (BMI), smoking and previous PTB. The

prevalence of sPTB, defined as sPTB <34 weeks of gesta-

tion by two studies and <37 weeks of gestation by the

other two studies, ranged from 0.9 to 1.1% for sPTB

<34 weeks of gestation and from 3.7 to 5.7% for sPTB

<37 weeks of gestation. Discriminative performance

(AUC) varied from 0.62 to 0.70. Only one study per-

formed internal validation by bootstrapping and the study

of Sananes et al. (26) performed an external validation of

which the results were not reported. The key characteris-

tics of the included studies are shown in Table 1.

A summary of potential bias per domain is shown in

Figure 1. Two studies used registry data for model devel-

opment, which may be less effective for research purposes

due to the likelihood of missing data on promising pre-

dictors. Moreover, the outcome was extracted at the same

time as the predictors, which may lead to bias. Neverthe-

less, sPTB is an objective outcome, so assessment may be

less biased. The domain participants was rated as liable to

a moderate to high risk of bias due to selective reporting

of patient characteristics. Parra-Cordero et al. (28) used

criteria which are not available at the intended moment

of prediction. Besides, women may be treated for sponta-

neous onset of PTB. Only Alleman et al. (27) explicitly

reports exclusion of women undergoing cerclage or tocol-

ysis from their study population. Parra-Cordero et al.

(28) merely excluded women with a history of cerclage.

Sample size was scored at moderate risk for the model of

Parra-Cordero et al. (28) because the overall number of

cases was low (n = 31), which probably led to the inclu-

sion of only two predictors. The domains attrition and

analysis had the highest risk of bias for all included mod-

els. All studies either had incomplete data (lost-to-follow-

up or missing predictor values), or did not report any

information about missing data [Parra-Cordero et al.

(28)]. The other three studies were scored as moderate

risk because they had a substantial amount of missing

data and performed a complete case analysis. Methods of

analysis were not reported in enough detail by Parra-Cor-

dero et al. (28). All studies selected predictors based on

statistical significance and only one study performed

shrinkage of the regression coefficients. For the models of

two studies, only odds ratios were available. As the inter-

cept was unavailable, no initial calibration plots could be

drawn. Alleman et al. (27) reported their final model

including serum markers. The algorithm consisting only

maternal characteristics was provided after contacting the

authors. Overall, the study of Beta et al. (29) showed the

lowest risk of bias. A detailed description of the data

extraction and risk of bias assessment according to the

CHARMS checklist is provided in Supporting Informa-

tion Appendix S3.
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Synthesis of the results

The validation cohort consisted of 2540 women of which

118 (4.6%) had an sPTB <37 weeks of gestation (Fig-

ure 2). Patient characteristics are shown in Table 2. There

were ≤1.2% missing values per predictor and the cohort

was generally similar after imputation of incomplete pre-

dictor variables. Supporting Information Appendix S4

provides an overview of complete cases and the imputed

validation cohort. The study population for the outcome

sPTB <34 weeks of gestation comprised 2576 women,

since fewer women were excluded because of an iatro-

genic preterm onset of labor, of which 34 women (1.3%)

delivered spontaneously before 34 weeks of gestation.

The distribution of predictors and predictor effects in

the original cohorts and our validation cohort are available

in Supporting Information Appendix S5. In contrast to the

original cohorts, women in our validation cohort were

nearly all of Caucasian origin. Almost all population char-

acteristics of Sananes et al. (26) differed considerably com-

pared with the validation cohort. Women in the cohort of

Alleman et al. (27) had a higher BMI and higher preva-

lence of pre-existing diabetes mellitus. The populations of

Parra-Cordero et al. (28) and Beta et al. (29) were more

comparable, but Parra-Cordero et al. (28) had a higher

prevalence of smoking during pregnancy and women in

the cohort of Beta et al. (29) were shorter and had a higher

prevalence of previous fetal loss. The prevalence of sPTB

<37 weeks of gestation was higher in Alleman et al. (27)

(5.7%) and lower in the overall population of Sananes

et al. (26) (3.7%) compared with the validation cohort

(4.6%). The outcome sPTB <34 weeks of gestation was

comparable with our prevalence.

The discriminative performance of the included models

is shown in Table 3. For the primary outcome sPTB

<37 weeks of gestation, the AUC ranged from 0.54 to

0.67. The AUC of the model of Alleman et al. (27)

decreased considerably from 0.70 to 0.57 [95% CI

0.52,0.62]. The model of Sananes et al. (26) had a slightly

higher discrimination compared with the original cohort.

All models performed better for the outcome sPTB

<34 weeks of gestation. Model 2 of Beta et al. (29)

yielded the highest discriminative performance [AUC

0.70, 95% CI 0.61–0.78]. Wide confidence intervals were

observed due to the low number of cases for sPTB

<34 weeks of gestation. The subgroup analysis among

nulliparous women showed a drastic decrease towards

almost no discriminative performance for all models. The

receiver operating characteristic (ROC) curves in the

overall cohort are presented in Figure 3.

Calibration plots of the two models that provided a

complete algorithm are provided in Figure 4. The model

of Alleman et al. (27) underestimated the risk of sPTB

and was overfitted (slope <1). Besides the difference in

baseline risk, Sananes et al. (26) fitted well with our pop-

ulation (slope = 1). Recalibration showed closer fitting to

the ideal calibration line (Supporting Information

Appendix S6). The models of Alleman et al. (27) and

Beta et al. (29) retained some overfitting.

The decision curve analysis of the two best performing

models is presented in Figure 5. The models had a posi-

tive net benefit compared with classifying all or no

women as high risk over a small range of probability

thresholds (2.5–10%). However, net benefit remained low

throughout this range. This low clinical usefulness is also

shown in Table 4. Choosing a high sensitivity leads to a

Figure 1. Risk of bias assessment of the four included studies according to CHARMS checklist (19). [Color figure can be viewed at

wileyonlinelibrary.com]
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large proportion of women who will be indicated unnec-

essarily as having a high risk of sPTB <37 weeks of gesta-

tion. Conversely, a higher specificity leads to a minimal

amount of true-positives. The model was especially insuf-

ficient among nulliparous women. The moderate perfor-

mance is predominantly determined by a history of sPTB

or term delivery.

Ethical approval

The Medical Ethical Committee of the Maastricht

University Medical Center evaluated the study protocol

and declared that no ethical approval was necessary

(MEC 13-4-053). All participating women gave informed

consent via the Internet. The study was registered at The

Netherlands Trial Registry on 21 August 2013 (NTR4143,

www.trialregister.nl).

Discussion

In this systematic review we provide an overview of the

currently available prediction models of sPTB based on

routine clinical parameters. We identified four articles

describing five models fulfilling the eligibility criteria.

Assessment of methodological quality revealed several

shortcomings in the reporting of models. Furthermore,

there is a moderate to high risk of bias in the develop-

ment of the models according to the CHARMS criteria.

External validation resulted in a decreased discriminative

ability for all models. Model 2 of Beta et al. (29) had

the highest AUC (sPTB <37 weeks: 0.67, and sPTB

<34 weeks: 0.70) after validation. This model was based

on age, ethnicity, height, method of conception, nulli-

parous fetal loss, nulliparous late miscarriage, prior PTB

(subcategories), prior iatrogenic PTB, prior term delivery

and smoking. The model of Sananes et al. (26) showed

the best calibration (slope of one) for sPTB <37 weeks of

gestation.

Our systematic review identified a moderate reporting

quality of most studies according to the CHARMS crite-

ria. Reporting shortcomings were also noted in a general

systematic review of obstetric prediction models (15). The

recently published transparent reporting of a multivari-

able prediction model for individual prognosis or

Figure 2. Flowchart validation cohort spontaneous preterm birth (sPTB).

ª 2018 The Authors Acta Obstetricia et Gynecologica Scandinavica published by John Wiley & Sons Ltd

on behalf of Nordic Federation of Societies of Obstetrics and Gynecology (NFOG), 97 (2018) 907–920

913

L.J.E. Meertens et al. Prediction of spontaneous preterm birth

http://www.trialregister.nl


diagnosis (TRIPOD) statement, may lead to improve-

ments in the reporting quality of future studies (30).

Risk of bias assessment revealed a moderate to high

risk of bias in three of four studies. The main sources of

bias were in the domains of analysis, attrition and

modeling. All studies selected predictors on the basis of

statistical significance, which leads to a model that fits the

data too closely (24,31). Next, continuous variables were

often dichotomized, for example age and BMI in two of

our selected models, leading to loss of information (32).

Table 2. Baseline characteristics of the validation cohort (Expect Study I).

Characteristics

Missing values,

n (%)

Observed validation cohort (Expect Study I)a

Overall

(n = 2540)

sPTB <37 weeks

(n = 118)

No sPTB ≥37 weeks

(n = 2422)

Age, years 0 (0.0) 30.2 (3.9) 30.1 (3.8) 30.2 (3.9)

Ethnicity

Caucasian 0 (0.0) 2462 (96.9) 115 (97.5) 2347 (96.9)

Afro-Caribbean 3 (0.1) 1 (0.8) 2 (0.1)

South Asian 4 (0.2) 0 (0.0) 4 (0.2)

East Asian 4 (0.2) 1 (0.8) 3 (0.1)

Other Asian 11 (0.4) 1 (0.8) 10 (0.4)

Hispanic 11 (0.4) 0 (0.0) 11 (0.5)

Mixed 45 (1.8) 0 (0.0) 45 (1.9)

Tertiary level of education 3 (0.1) 1380 (54.3) 69 (58.5) 1311 (54.1)

Height, cm 3 (0.1) 168.8 (6.4) 167.3 (6.6) 168.9 (6.4)

Weight, kg 5 (0.2) 68.9 (13.0) 65.6 (11.5) 69.0 (13.0)

Body mass index, kg/m2 5 (0.2) 24.1 (4.3) 23.4 (3.8) 24.2 (4.3)

Smoking during pregnancy 1 (0.0) 149 (5.9) 8 (6.8) 141 (5.8)

Diabetes mellitus 0 (0.0) 10 (0.4) 1 (0.8) 9 (0.4)

Type 1 8 (0.3) 1 (0.8) 7 (0.3)

Type 2 1 (0.0) 0 (0.0) 1 (0.0)

Other 1 (0.0) 0 (0.0) 1 (0.0)

History of chronic hypertension 0 (0.0) 24 (0.9) 0 (0.0) 24 (1.0)

Parity

Nulliparous 0 (0.0) 1284 (50.6) 77 (65.3) 1207 (49.8)

Primiparous 1003 (39.5) 35 (29.7) 968 (40.0)

Multiparous 253 (9.9) 6 (5.0) 247 (10.2)

Conception

Spontaneous 0 (0.0) 2375 (93.5) 114 (96.6) 2261 (93.4)

Ovulation induction 88 (3.5) 3 (2.5) 85 (3.5)

IVF/ICSI 77 (3.0) 1 (0.8) 76 (3.1)

History of fetal loss <16 weeks

of gestation

0 (0.0) 702 (27.6) 24 (20.3) 678 (28.0)

History of recurrent miscarriages

(≥3)

0 (0.0) 49 (1.9) 1 (0.8) 48 (2.0)

Vaginal bleeding (≥2 days) 0 (0.0) 277 (10.9) 27 (20.3) 250 (10.3)

History of sPTB 30 (1.2) 76 (3.0) 16 (13.6) 60 (2.5)

16–23 weeks of gestation 4 (0.2) 1 (0.8) 3 (0.1)

24–27 weeks of gestation 7 (0.3) 1 (0.8) 6 (0.2)

28–30 weeks of gestation 2 (0.1) 2 (1.7) 0 (0.0)

31–33 weeks of gestation 13 (0.5) 3 (2.5) 10 (0.4)

34–36 weeks of gestation 52 (2.0) 9 (7.6) 43 (1.8)

History of iatrogenic preterm

delivery ≥24 weeks of gestation

29 (1.1) 44 (1.7) 0 (0.0) 44 (1.8)

History of term delivery 29 (1.1) 1130 (44.5) 29 (24.6) 1101 (45.5)

History of live birth 18 (0.7) 1221 (48.1) 40 (33.9) 1181 (48.8)

ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization; sPTB, spontaneous preterm birth.
aOriginal data (not imputed) presented as mean (SD) or absolute number (%).
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Moreover, only one study, Beta et al. (29), applied the

regression shrinkage technique and only Alleman et al.

(27) performed an internal validation by bootstrapping.

The methodological limitations mentioned could have

been one of the reasons why the reported model perfor-

mance was not achieved in our validation cohort.

Only Sananes et al. (26) mentioned that they validated

their model in another population, but the results were

not reported. To our knowledge, no other independent

external validation study of prediction models for sPTB

exists. External validation is recommended to assess the

generalizability to other ‘related’ populations (24). Our

comprehensive independent validation study indicated

that all models overestimated performance measures. This

illustrates the need for external validation of models

before clinical implementation.

Nevertheless, performance measures do not indicate

whether a model is clinically useful. Assessment of the

clinical utility of the best discriminating model showed a

very high false-positive rate at acceptable sensitivity rates.

These cut-off points result in a major proportion of nulli-

parous women being unnecessarily considered to be at

Table 3. Discrimination of selected prediction models for spontaneous preterm birth.

Study, Author (year)

Discrimination

C-Statistic [95% CI]

Original publication

Discrimination

C-Statistic [95% CI]

Validation cohort

sPTB <37

weeks (n = 2540)

Discrimination

C-Statistic [95% CI]

Validation cohort sPTB

<34 weeks (n = 2576)

Discrimination

C-Statistic [95% CI]

Validation cohort,

nulliparous sPTB

<37 weeks (n = 1284)

Discrimination

C-Statistic [95% CI]

Validation cohort,

nulliparous sPTB

<34 weeks (n = 1305)

Parra-Cordero

et al. (2014)

NR 0.54 [0.50,0.57] 0.56 [0.49,0.63] 0.52 [0.50,0.54] 0.51 [0.46,0.55]

Sananes et al. (2013) 0.618 [0.595,0.641] 0.64 [0.60,0.68] 0.68 [0.59,0.76] 0.53 [0.48,0.57] 0.53 [0.43,0.63]

Alleman et al. (2013) 0.703 [NR] 0.57 [0.52,0.62] 0.61 [0.51,0.71] 0.55 [0.49,0.60] 0.51 [0.39,0.63]

Beta et al. (2011) Model 1: 0.668

[0.639,0.698]

Model 2: NR

0.65 [0.60,0.70]

0.67 [0.62,0.72]

0.68 [0.59,0.77]

0.70 [0.61,0.78]

0.51 [0.45,0.57]

0.54 [0.48,0.60]

0.52 [0.39,0.65]

0.56 [0.44,0.68]

CI, confidence interval; NR, not reported; sPTB, spontaneous preterm birth.

Figure 3. ROC curves of externally validated first trimester prediction models for spontaneous preterm birth (sPTB) <37 weeks of gestation and

<34 weeks of gestation.
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high risk. Furthermore, for multiparous women the most

important predictors are derived from a previous sPTB.

In summary, we think that the clinical utility of currently

available models is low.

This systematic review demonstrates shortcomings in

the quality and performance of existing non-invasive pre-

diction models for sPTB. Improvement of non-invasive

models is necessary. The currently available prediction

models mainly rely on previous PTB as predicting vari-

able. However, models mainly relying upon a prior event

as the discriminative factor do not add much clinical

value, since caregivers are already aware that these women

are at high risk. Obstetric care would benefit from valid

prediction of sPTB in nulliparous women (11).

Future research should focus on the variety of published

association studies when selecting candidate predictors.

Another important well-known risk factor is cervical sur-

gery (10,33). However, only a minority of women will be

identified as high risk by adding this predictor (11). Other

routine clinical parameters that may contribute to the pre-

diction of sPTB in nulliparous women are: socioeconomic

status, psychological characteristics, family history, medical

history, and smoking status (10). Predictive performance

of a model might be improved by taking into account

biomarkers or ultrasound imaging (for example, cervical

length). A few models based on cervical length measure-

ments and biomarkers such as pregnancy-associated

plasma protein A (PAPP-A) or alpha-fetoprotein (AFP)

have been published (29,34,35). The reported discrimina-

tive performance of these models was only slightly better

than the performance of models using maternal character-

istics alone. We focused in this review on routine clinical

Figure 4. Calibration plots of externally validated first trimester prediction models for spontaneous preterm birth (sPTB) <37 weeks of gestation

and <34 weeks of gestation. The gray line is the reference line with intercept = 0 and slope = 1 (perfect calibration). Triangles correspond to

grouped predicted risks with 95% confidence intervals (vertical lines).
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parameters, as these ‘specialized’ tests are not always rou-

tinely performed or readily available in general care, and

may generate substantial additional costs (36). Lastly, dif-

ferent modeling methods can be employed as well. In

this review, all selected studies used a multiple logistic

regression model. Other methods that can be used are

machine learning methods using health records, such as

tree-based algorithms or neural networks (37,38). How-

ever, despite all efforts, sPTB may remain a tough outcome

to predict due to its heterogeneous and often unknown

causes (2).

Nevertheless, a future model with a moderate perfor-

mance may still be useful. The trade-off between the

benefit of identifying women at high risk and the false-

positive rate is important. Using cervical length screening

in all women results in the need to screen relatively high

numbers of women (11). A non-invasive model combined

with a high sensitivity cut-off point would be able to

identify women at very low risk of sPTB who could be

excluded from cervical length screening, resulting in the

need to screen a smaller number of women. Furthermore,

such an approach creates the opportunity to identify

women at high risk who might benefit from preventive

interventions such as progesterone treatment (3–5).
To our knowledge, this is the first systematic review of

studies reporting non-invasive prediction models for the

risk of sPTB. We had to exclude several published models

as three models contained predictors which are not avail-

able in the first 16 weeks of pregnancy, for example fetal

gender, since this is crucial for early prediction of sPTB.

Moreover, three other models did not provide the algo-

rithm, which is essential for independent external valida-

tion.

A strength of our study is that we validated all

included prediction models in a large independent multi-

center prospective cohort of unselected pregnant women.

The data were very complete, with a maximum of only

1.2% of missing values. However, although our cohort

contained a sufficient number of cases for sPTB

<37 weeks of gestation, there were only 34 cases for the

secondary outcome sPTB <34 weeks of gestation. An

inadequate sample size decreases the precision of external

validation measures (22,39).

Our cohort might suffer from treatment bias to a small

extent since we did not exclude women who had received

treatment such as a cerclage or tocolysis. This may have

resulted into the prevention of sPTB and thus an under-

estimation of model discrimination and calibration (40).

One of the selected studies, Alleman et al. (27), explicitly

reported exclusion of women undergoing cerclage or

tocolysis from their study population (27). Parra-Cordero

et al. (28) only excluded women with a history of cer-

clage (28).

Table 4. Sensitivities, specificities and predictive values at different risk thresholds for model 2 of Beta et al. (29), outcome sPTB <37 weeks of

gestation.

Risk

thresholda

(%)

High risk (%) Sensitivity (%) Specificity (%) PPV (%) NPV(%)

All

Nulli-

parous

Multi-

parous All

Nulli-

parous

Multi-

parous All

Nulli-

parous

Multi-

parous All

Nulli-

parous

Multi-

parous All

Nulli-

parous

Multi-

parous

2 98.3 100 96.5 99.2 100 97.6 1.8 0 3.5 4.7 6.0 3.3 97.7 100 97.7

3 70.8 98.5 42.5 89.8 100 70.7 30.1 1.6 58.4 5.9 6.1 5.4 98.4 100 98.3

4 51.7 83.3 19.3 76.3 89.6 51.2 49.5 17.1 81.7 6.9 6.5 8.6 97.7 96.3 98.0

5 28.1 41.4 14.6 50.0 49.4 51.2 72.9 59.1 86.7 8.3 7.1 11.5 96.8 94.8 98.1

6 15.2 20.3 9.9 26.3 16.9 43.9 85.3 79.5 91.3 8.1 5.0 14.5 96.0 93.7 98.0

7 10.7 13.9 7.3 19.5 9.1 39.0 89.8 85.7 93.7 8.5 3.9 17.4 95.8 93.7 97.9

NPV, negative predictive value; PPV, positive predictive value.
aPredicted risk at or above this level was considered high risk.

Figure 5. Decision curve analysis of three best performing models for

the risk of spontaneous preterm birth <37 weeks of gestation.

Decision curve analysis assesses the net benefit (vertical axis;

proportion of true-positives and false-positives) of the prediction

models over a range of risk thresholds compared with considering all

(solid gray line) and no women (horizontal solid black line) to be at

high risk for spontaneous preterm birth. [Color figure can be viewed

at wileyonlinelibrary.com]

ª 2018 The Authors Acta Obstetricia et Gynecologica Scandinavica published by John Wiley & Sons Ltd

on behalf of Nordic Federation of Societies of Obstetrics and Gynecology (NFOG), 97 (2018) 907–920

917

L.J.E. Meertens et al. Prediction of spontaneous preterm birth



Conclusion

This review revealed several reporting and methodological

shortcomings of published prediction models for sPTB.

Our external validation indicated that none of the models

had the ability to predict sPTB adequately in our popula-

tion. Obstetric care would benefit most from models pre-

dicting sPTB accurately among nulliparous women, since

most of these women are indicated as low risk in current

practice.
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Appendix S6. Recalibration plots: Figure 1. Calibration

plots of recalibrated first trimester prediction models for

spontaneous preterm birth (sPTB) <37 weeks of gesta-

tion. The gray line is the reference line with intercept = 0

and slope = 1 (perfect calibration). Triangles correspond

to grouped predicted risks with 95% confidence intervals

(vertical lines). CF, correction factor. Figure 2. Calibra-

tion plots of recalibrated first trimester prediction models

for spontaneous preterm birth (sPTB) <34 weeks of ges-

tation. The gray line is the reference line with inter-

cept = 0 and slope = 1 (perfect calibration). Triangles

correspond to grouped predicted risks with 95% confi-

dence intervals (vertical lines). CF, correction factor.
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