
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Long-term follow-up of obstetric studies

Teune, M.J.

Publication date
2013
Document Version
Final published version

Link to publication

Citation for published version (APA):
Teune, M. J. (2013). Long-term follow-up of obstetric studies. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/longterm-followup-of-obstetric-studies(2611e0a9-0dee-447d-95ac-3516ec2fdffd).html


Margreet Teune

M
argreet Teune  

 
Long-term

 follow
-up of obstetric studies

Long-term follow-up of
obstetric studies

Uitnodiging

Voor het bijwonen van de openbare  
verdediging van het proefschrift

Long-term follow-up of
obstetric studies

door Margreet Teune

Vrijdag 14 juni om 11.00 uur
 in de Lutherse Kerk, Aula van de 

Universiteit van Amsterdam,
Singel 411 te Amsterdam

Na afloop bent u van harte welkom 
op de receptie ter plaatse.

Paranimfen

Floortje Vlemmix
f.vlemmix@amc.uva.nl

06-24586969

Katrien Oude Rengerink
k.ouderengerink@amc.uva.nl

06-22229021

Margreet Teune

Proostdijstraat 28
1391 VA Abcoude

m.j.teune@amc.uva.nl
06-47134234

Teune_Omslag.indd   1 21-05-13   12:08



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Long-term follow-up of obstetric studies

Margaretha Jolanda Teune

proefschrift Teune.indb   1 16-5-2013   13:01:14

Teune_PROEF (all).ps Front - 1     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Long-term follow-up of obstetric studies

Thesis, University of Amsterdam, The Netherlands

© M.J. Teune, 2013.

All rights reserved. No part of this thesis may be reproduced, stored, or, transmitted in any 

form or by any means, without written permission of the author. 

This study was facilitated by grant 80-82325-98-9010 from ZonMW, The Netherlands- 

Organization for Health Research and Development, The Hague, The Netherlands.

The printing of this thesis was supported by:

Academic Medical Center of the University of Amsterdam, Department of Obstetrics and 

Gynecology AMC Amsterdam, Medical Dynamics, AbbVie BV, BMA BV (Mosos), Chipsoft. 

Sculpture cover: Sjaak Smetsers, “generatie na generatie” 

Cover design and lay-out:  Ridderprint BV, Ridderkerk

Lay-out:   Chris Bor

Printed by: Ridderprint BV, Ridderkerk

ISBN: 978-90-5335-695-1

proefschrift Teune.indb   2 16-5-2013   13:01:14

Teune_PROEF (all).ps Back - 1     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Long-term follow-up of obstetric studies

ACADEMISCH PROEFSCHRIFT

Ter verkrijging van de graad van doctor 

aan de Universiteit van Amsterdam

 op gezag van de Rector Magnificus 

prof. dr. D.C. van den Boom 

ten overstaan van een door het college 

voor promoties ingestelde commissie,

 in het openbaar te verdedigen 

in de Aula der Universiteit 

op vrijdag 14 juni 2013, te 11.00 uur

door

Margaretha Jolanda Teune

geboren te ’s Gravenhage

proefschrift Teune.indb   3 16-5-2013   13:01:14

Teune_PROEF (all).ps Front - 2     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Promotiecommissie

Promotor Prof. dr. B.W.J. Mol

Co-promotores Dr. B.C. Opmeer

Dr. A.G. van Wassenaer

Overige leden Prof. dr. J.A.M. van der Post

Prof. dr. J.H. Kok

Prof. dr. R.J.P.M. Scholten

Prof. dr. C.J. de Groot

Prof. dr. A.L. van Baar

Prof. dr. Z. Alfirevic

Faculteit der Geneeskunde

proefschrift Teune.indb   4 16-5-2013   13:01:14

Teune_PROEF (all).ps Back - 2     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contents

Chapter 1 General introduction 7

Chapter 2 Long-term health-related and economic consequences of 

short-term outcomes in evaluation of perinatal interventions. 

BMC Pregnancy & Childbirth, 2010 Aug 10;10:42.

15

Chapter 3 Long-term child follow-up after large obstetric RCTs 

for evaluation of perinatal interventions: a systematic 

review of the literature. BJOG, 2013 Jan;120(1):15-22.

25

Chapter 4 A systematic review for severe morbidity in infants 
born late preterm. AJOG, 2011 Oct;205(4):374.

49

Chapter 5 Perinatal risk-indicators for long-term neurological morbidity 

among preterm neonates. AJOG, May 2011;204(5):396.
65

Chapter 6 Perinatal risk-indicators for long-term respiratory 

morbidity among preterm or very low birth weight 

neonates. EJOG, 2012 Aug;163(2):134-41.

87

Chapter 7 Different follow-up strategies after obstetric studies 109

Chapter 8 Summary and general discussion 123

Chapter 9 Nederlandse samenvatting en algemene discussie 133

Portfolio 143

Curriculum vitae 149

Acknowledgments (Dankwoord) 153

proefschrift Teune.indb   5 16-5-2013   13:01:14

Teune_PROEF (all).ps Front - 3     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

proefschrift Teune.indb   6 16-5-2013   13:01:14

Teune_PROEF (all).ps Back - 3     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

General introduction

1Chapter

proefschrift Teune.indb   7 16-5-2013   13:01:14

Teune_PROEF (all).ps Front - 4     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

proefschrift Teune.indb   8 16-5-2013   13:01:14

Teune_PROEF (all).ps Back - 4     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

General introduction

9

Chapter

1General introduction

Obstetric randomized controlled trials (RCTs) are performed to evaluate the effectiveness 

of perinatal interventions. At the start of such trials, trialists have to determine the primary 

outcome. As the ultimate goal of many perinatal interventions is to prevent morbidity 

in later life and to optimise neurodevelopmental outcome, long-term outcome is rarely 

used as a primary end-point in perinatal randomised controlled trials (RCTs)1,2. There 

are some obstetric studies that had a long-term child outcome as primary outcome, for 

example, studies evaluating the effect of MgSO4 given for preterm birth to protect infant 

brain 3-5, but the large majority of studies on perinatal interventions does not report 

long-term child outcomes, as it is thought to be expensive, time consuming and a logistic 

challenge. 

Nevertheless, knowledge of long-term outcomes is important because serious sequelae 

from perinatal complications frequently manifest themselves only after several years 6. If 

known, these outcomes can change the overall conclusion regarding the optimal diagnostic 

or treatment strategy in a pregnant woman. The administration of diethylstilbestrol during 

the fifties or more recently, the administration of antenatal thyrotropin-releasing hormone 

for prevention of neonatal respiratory disease or antibiotics for spontaneous preterm 

labour are prime examples of interventions that turned out to have important negative 

long-term effects 7-14.

As stated, the difficulty of long-term follow-up is that it is thought to be expensive, 

logistically difficult and time-consuming. Long-term child follow-up increases the duration 

of a study, and it takes longer before the study results are known. This increases the cost of 

a study and it is therefore for obstetricians less attractive to perform. However, follow-up 

is sometimes necessary as it can demonstrate that a perinatal intervention is not effective 

on the long-term and should not be implemented in current clinical practice. Another 

factor that hampers long-term child follow-up is the fact that usually an obstetrician plans 

the RCT. Obstetricians often have less knowledge of child development and they are less 

aware of the importance of this matter. This complicates the planning of appropriate child 

follow-up.

From practical, ethical and economic considerations, long-term child follow-up of all 

children participating in the original RCT is often not feasible and in some situations also 

not necessary. Several alternative follow-up strategies could be explored. Firstly, the exact 

content of long-term follow-up could be decided on later, for example, based on the 

short-term results that are observed in an intervention study. One can decide to follow only 

children long-term with abnormal short-term outcomes. A disadvantage of this strategy is 

that abnormal long-term outcomes of children with normal short-term outcomes can be 

missed. A second alternative is to send questionnaires out to all families included, as sole 
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10

Chapter 1

outcome measure or as step up for selection of certain groups, identified by scores on such 

questionnaires. Only children with abnormal outcomes, for example, can then be invited for 

further assessments. Questionnaires, like the Ages-and-Stages questionnaire (ASQ), have 

the advantage that they are relatively inexpensive and easy to organise. A disadvantage 

is that they are designed as developmental screening tools and therefore are less useful 

to detect mild problems, that tend to be common in (preterm born) children 15. Thirdly, 

representative random samples of the cohort could be assessed. Nevertheless, trialists 

have to consider a power calculation for the long-term outcome because enough children 

have to be followed long-term to be able to detect a significant difference between two 

groups of a study. 

When more information about long-term child outcomes becomes available, one can also 

explore the association between short-term and long-term child outcomes and perhaps 

prediction models for long-term child outcomes based on these short-term outcomes 

can be developed 16-17. As far as we know, such prediction models for long-term child 

outcome do not exist. The development of such models requires large birth cohorts, in 

which data surrounding pregnancy, delivery and short-term outcomes are available, as 

well as follow-up data on various health related outcomes. Acquiring this information is 

expensive, but can be cost-effective on the long-term because with the help of these 

prediction models future trialists would be able to extrapolate short-term outcomes to a 

long-term horizon and less children have to be followed long-term. 
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Chapter

1Outline of the thesis

In this thesis, we will address the extent to which long-term child outcomes of perinatal 

interventions have been included in major obstetric randomized trials in the literature, 

explore possibilities for development of prediction models using existing long-term cohort 

data, and discuss the possibilities to formulate a brief guideline to determine whether and 

in which neonates follow-up needs to be performed to allow adjustment of trial conclusion 

based on long-term outcomes. The study protocol is published in BMC Pregnancy & 

Childbirth in 2010 17. The contents of this thesis will be discussed in more detail below.

For the development of prediction models for different long-term outcomes, we choose to 

use a Dutch cohort study of preterm (< 32 weeks) and/or small for gestational age infants 

(< 1500 g) (POPS study). These infants were born in The Netherlands in 1983 and followed 

until they reached the age of 19 18-22.

Chapter 2 presents our study protocol “Long-term health-related and economic 

consequences of short-term outcomes in evaluation of perinatal interventions”. 

Chapter 3 describes the results of a systematic review on the frequency of long-term 

follow-up after large perinatal RCTs and whether or not this was planned before the start 

of the RCT. If follow-up was performed, we documented the percentage of children that 

was followed after discharge from the hospital and the follow-up methods that were used.

Chapter 4 describes the result of a systematic review to access the short- and/or long-term 

morbidity of late-preterm infants. Late preterm infants (34 0/7-36 6/7 weeks gestation) 

represent the largest proportion of singleton preterm births. This review summarizes all 

relevant studies on this subject between January 2000 to July 2010.

Chapter 5 describes the development of prediction models for neurological development 

at 2 and 5 years of age. Furthermore, different perinatal risk-indicators for long-term 

neurological morbidity were identified. We think that the development of prediction 

models for long-term child outcomes based on short-term neonatal outcomes might be an 

alternative to expensive and often underpowered follow-up studies.

Chapter 6 presents prediction models for long-term respiratory morbidity at 2, 5 and 

19 years of age. Again different perinatal risk-indicators were identified, but now for 

long-term respiratory morbidity. Also is explored if respiratory distress syndrome really is a 

risk-indicator for long-term respiratory morbidity. 
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12

Chapter 1

Chapter 7 describes three different follow-up strategies derived from three large obstetric 

randomized controlled trials. Systematically, pros and cons of these three different follow-

up strategies will be discussed, and a brief guideline that can facilitate future perinatal 

trialist in their decision on follow-up is presented.

In Chapter 8 and 9 we summarize our results, and make recommendations for current 

research as well as for future developments.
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Chapter 2

Abstract

BACKGROUND Many perinatal interventions are performed to improve long-term 

neonatal outcome. To evaluate the long-term effect of a perinatal intervention follow-

up of the child after discharge from the hospital is necessary because serious sequelae 

from perinatal complications frequently manifest themselves only after several years. 

However, long-term follow-up is time-consuming, is not in the awareness of obstetricians, 

is expensive and falls outside the funding-period of most obstetric studies. Consequently, 

short-term outcomes are often reported instead of the primary long-term end-point. With 

this project, we will assess the current state of affairs concerning follow-up after obstetric 

RCTs and we will develop multivariable prediction models for different long-term health 

outcomes. Furthermore, we would like to encourage other researchers participating 

in follow-up studies after large obstetric trials (> 350 women) to inform us about their 

studies so that we can include their follow-up study in our systematic review. We would 

invite these researchers also to join our effort and to collaborate with us on the external 

validation of our prediction models. 

METHODS/DESIGN A systematic review of neonatal follow-up after obstetric studies 

will be performed. All reviews of the Cochrane Pregnancy and Childbirth group will be 

assessed for reviews on interventions that aimed to improve neonatal outcome. Reviews 

on interventions primary looking at other aspects than neonatal outcome such as labour 

progress will also be included when these interventions can change the outcome of the 

neonate on the short or long-term. Our review will be limited to RCTs with more than 350 

women. Information that will be extracted from these RCTs will address whether, how and 

for how long follow-up has been performed. However, in many cases long-term follow-up 

of the infants will not be feasible. An alternative solution to limited follow-up could be to 

develop prediction models to estimate long-term health outcomes of the newborn based 

on specific perinatal outcomes and other covariates. For the development of multivariable 

prediction models for several health outcomes, we will use data available from a Dutch 

cohort study of preterm (< 32 weeks) and/or small for gestational age infants (< 1500 g). 

These infants were born in The Netherlands in 1983 and followed until they reached the 

age of 19. 

DISCUSSION The systematic review will provide insight in the extent and methods used for 

follow-up assessments after obstetric RCTs in the past. The prediction models can be used 

by future studies to extrapolate short-term outcomes to a long-term horizon or to indicate 

for which neonates long-term follow-up is required, as their outcomes (either absence 

or presence of sequelae) cannot be adequately predicted from short-term outcomes and 

clinical background characteristics. 
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Chapter

2

Background

Many perinatal interventions are performed to improve long-term neonatal outcome. To 

evaluate the long-term effect of a perinatal intervention follow-up of the child after discharge 

from the hospital is necessary because serious sequelae from perinatal complications 

frequently manifest themselves only after several years 1. However, long-term follow-up 

is time-consuming, is not in the awareness of obstetricians, is expensive and falls outside 

the funding-period of most obstetric studies. Consequently, short-term outcomes are often 

reported instead of the primary long-term end-point. 

The relevance of long-term outcomes is illustrated by the following two Cochrane 

reviews. In the first Cochrane review the implications of antibiotics for preterm rupture of 

membranes (erythromycin and/or amoxicillin-clavulanate) were evaluated. However, none 

of the 22 studies included in this review reported on long-term outcomes, but these data 

supported the routine use of antibiotics in premature rupture of membranes 2. Recently, 

the results of the 7-year follow-up of one of these included studies were published. The 

prescription of antibiotics for women with preterm rupture of the membranes seems to 

have little effect on the health of children at 7 years of age, so the findings of decreased 

short-term morbidity from antibiotics have not translated in long-term benefits 3. 

A second Cochrane review where women at risk for preterm labour with intact membranes 

were given prophylactic antibiotics (erythromycin and/or amoxicillin-clavulanate) identified 

11 studies, without any study reporting long-term follow-up 4. This review failed to 

demonstrate any overall benefit from prophylactic antibiotic treatment for preterm labour 

with intact membranes. Also recently, the long-term results of one of these included 

studies were published. The use of erythromycin by women at risk for preterm labour and 

with intact membranes was associated with an increase in functional impairment among 

their children at 7 years of age. The risk of cerebral palsy was increased by either antibiotic, 

although the overall risk of this condition was low 5. These results support the advice that 

antibiotics are not recommended in spontaneous preterm labour with intact membranes 

and that the description of antibiotics can even be harmful in these circumstances. 

If long-term follow-up of the infants is not feasible, an alternative is to model the 

long-term consequences based on short-term neonatal outcomes. This could be realised by 

developing prediction models, in which the association between short-term and long-term 

outcomes is determined statistically, and adjusted for relevant covariates. Models are a 

way of representing the complexity of the real world in a more simple and comprehensible 

form where true data are infeasible or impracticable to obtain. Modelling should be used 

as a last resource when RCTs or cohort studies do not provide all required information 

because they did not incorporate long enough follow-up 6-8. Modelling has real 

strengths. It can be inexpensive, free of ethical concerns over treatment allocation and 
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Chapter 2

fast: a computer model can simulate in minutes a trial lasting years. Modelling has some 

less obvious benefits too, as the process of constructing the model promotes systematic 

thought and generated insights about the nature of its components and how they interact, 

which may help to identify areas in which empirical research is most needed, help generate 

new epidemiological or clinical hypotheses, and help produce novel ideas for useful 

interventions. Of course, modelling has its weak points. Failings in model theory or logic, 

inaccuracies in model parameters, or omission of key factors can all invalidate results 9.  

Prediction models for long-term morbidity of infants could be used to extrapolate 

short-term outcomes or to indicate for which neonates long-term follow-up is required, 

as their outcomes (either absence or presence of sequelae) cannot be predicted from 

short-term outcomes and clinical background characteristics. The development of such 

models requires a longitudinal approach, in which data surrounding pregnancy, delivery 

and short-term outcomes are available, as well as follow-up data on various health 

related outcomes. The Dutch POPS cohort is one of the few birth cohorts in which this 

information has been systematically assessed. Data of infants born alive with a gestational 

age below 32 completed weeks and/or with a birth weight of 1500 gram were collected 

prospectively. A total of 1338 infants were included in this cohort, constituting 94% of 

the eligible infants born in 1983 in the Netherlands. Follow-up assessments were done at 

2, 5 and 19 years of age 10-14. This birth cohort could provide insight in the long-term 

consequences of perinatal outcomes and provides us with the necessary longitudinal data 

for developing prediction models for long-term health outcomes. 

Objectives of the project

In this project we aim to assess the current state of affairs on long-term follow-up after 

obstetric randomized controlled trials (RCTs). A systematic review will be performed 

to assess how often follow-up of infants after discharge of the hospital is carried out.   

Furthermore, we will develop multivariable prediction models for different long-term health 

outcomes which can be used by future studies to extrapolate their short-term outcomes 

to a long-term horizon. We would like to encourage other researchers participating in 

follow-up studies after large obstetric trials (> 350 women) to inform us about their studies 

so that we can include their follow-up study in our systematic review. Furthermore, we 

would invite these researchers to join our effort and to collaborate with us on the external 

validation of our prediction models. 
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Chapter

2

Methods/ Design

Systematic review

We will search all reviews of the Cochrane Pregnancy and Childbirth group. Pubmed 

searches did not provide us with enough relevant studies on long-term outcomes, because 

of a lack of good MeSH terms. Therefore, we decided that we will search for these studies 

in the Cochrane library. We assumed that all important obstetric studies published will be 

included in one of the reviews of the Cochrane Pregnancy and Childbirth group. All reviews 

on perinatal interventions that aimed to improve neonatal outcome will be included. 

Reviews on interventions primary looking at other aspects than neonatal outcome such 

as labor progress will also be included when these interventions can change the outcome 

of the neonate on the short or long-term. Cochrane reviews of perinatal interventions 

that have no potentional health benefit for the neonate will be excluded (for example 

the Cochrane review “antibiotics regimens for endometritis after delivery”). All studies 

included in the relevant Cochrane reviews will be considered and only studies reporting 

RCTs with more than 350 women are included for subsequent analysis. Every included 

RCT will be screened for statements on long-term follow-up. RCTs without statements on 

long-term follow-up will be cross-checked in Web of Science to see if long-term effects 

are reported in subsequent publications. We assume that articles reporting on long-term 

effects of a specific perinatal intervention will refer to the original article reporting this 

RCT. Two independent reviewers will extract relevant information from these selected 

RCTs using a data collection sheet. The following characteristics will be extracted from 

included RCTs: general study characteristics (country, sample size, type of intervention, 

primary and secondary outcomes), whether long-term follow-up has been performed, and 

whether this follow-up was planned before the start of the RCT. If follow-up has been 

performed, we will also document duration of follow-up, follow-up rate and methods and 

instruments used during this follow-up. All information will be entered and analysed using 

SPSS 17.0 (SPSS Inc., Chicago, IL, USA).

Multivariable prediction models

Study design
For the development of prediction models for several long-term health outcomes, we will 

use data available from a Dutch cohort study of preterm and/or small for gestational age 

infants (POPS study). In this cohort all live born infants were included, that were delivered 

in The Netherlands between January and December 1983, either before 32 completed 

weeks of gestation and/or with a birth weight of less than 1500 gram. In total 1338 live 

born infants were included, 94% of all eligible infants. Follow-up assessments were done 

at 2, 5 and 19 years of age 10-14. The follow-up rate after 2 years was 97%, after 5 
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years 96% and after 19 years 72%. This cohort provides valuable information on long-term 

consequences of perinatal outcomes.

Short-term outcomes

For each prediction model candidate predictors will be selected based on existing literature, 

combined with consulting experts in the field and the availability of these variables in the 

POPS cohort. Examples of these candidate predictors are social class, ethnicity, pregnancy 

induced hypertension, pre-eclampsia, diabetes gravidarum with diet or insulin, maternal 

smoking during the pregnancy, prolonged rupture of membranes, multiple pregnancy 

and caesarean section, gestational age at birth, birth weight, low Apgar scores, umbilical 

cord academia, respiratory distress syndrome (RDS), bronchopulmonary dysplasia (BPD), 

necrotizing enterocolitis (NEC), intraventricular haemorrhage (IVH), periventricular 

leukomalacia (PVL) and retinopathy of prematurity (ROP).

Long-term outcomes

Prediction models for the following long-term outcomes will be developed: respiratory and 

neurological morbidity, visual and hearing problems, intestinal morbidity and the costs 

associated with these medical conditions. 

Statistical analysis

We will develop multiple multivariable logistic regression models in which the association 

between short-term and long-term outcomes is determined statistically, and adjusted for 

relevant covariates. A power calculation is not possible at this stage because we have not 

yet defined our long-term outcomes and the potential predictors, and are unfamiliar with 

plausible distribution and association assumptions for the specific long-term outcomes.

We will use a multiple imputation approach to deal with missing values. Uncertainty 

about imputed values is reflected in differences between different imputed datasets, 

and incorporated in the estimated standard errors and associated p-values for each fitted 

model based on the pooled datasets. 

For each prediction model a different selection of candidate predictors will be used. 

Univariable and multivariable regression analysis will be performed to estimate odds 

ratios (ORs), 95% confidence intervals (95% CI) and corresponding p-values for candidate 

predictors. As the use of too stringent p-values for variable selection is more deleterious 

for a model than including too many factors, all candidate predictors that showed a 

significance level of < 50% in univariable analyses will be entered in the multivariable 

logistic regression model 15. Furthermore, we used a stepwise backward selection 

procedure, using a predefined significance level of > 20% for removing predictors from the 

models 8. Discriminative capacity of the models will be evaluated by estimating the area 
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under the receiver operating characteristic (ROC) curve. Calibration of the models will be 

assessed by comparing estimated probabilities with the observed proportion of respiratory 

morbidity. Goodness-of-fit will be tested formally with the Hosmer and Lemeshow test 

statistic. Data will be analysed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA). 

Validation

Prediction models are known to be optimised for the specific dataset in which they have 

been derived. Internal and external validation is required to correct for this overfit bias, 

also known as optimism. Internal validation will be performed by uniform shrinkage or by 

bootstrapping of observations within the same dataset 8.

Furthermore, the models will be externally validated in other datasets available from 

ongoing or recently completed studies. For this validation, we will consider data from 

two Dutch studies (PETRA and TRUFFLE). In the PETRA-study, temporizing management 

with or without plasma volume expansion is compared for 216 women included between 

1 April 2000 and 31 May 2003 16. Their infants will undergo neurological examination 

after 1, 5 and 10 years follow-up 17. The TRUFFLE study currently investigates the best 

timing of delivery in preterm pregnancies complicated by intrauterine growth restriction, 

with neurological outcome measured at 2 years of age. In addition, we want to encourage 

researchers participating in other follow-up studies (longitudinal registries/ birth cohorts) 

to contact us and to collaborate with our study to further explore the external validity 

and international generalizability of our prediction models for long-term outcomes. One 

important question to be addressed is whether these prediction models are also applicable 

to full-term neonates. 

Discussion

At the moment, it is not standard policy to do follow-up of the neonate after an obstetric 

RCT to evaluate long-term effects of a perinatal intervention. Main reasons for this 

limited follow-up are as follows; long-term follow-up is time-consuming, expensive and 

does not fall within the funding-period of most obstetric RCTs. It is also hypothesised 

that obstetricians may not be aware of important long-term consequences of their 

interventions. However, long-term follow-up is very important, as it can change the overall 

verdict regarding the optimal diagnostic or treatment strategy in a pregnant woman. 

The systematic review will provide insight in the extent and methods used for follow-

up assessments after obstetric RCTs in the past. The different prediction models can be 

used by future studies to extrapolate their short-term outcomes to a long-term horizon or 

to indicate for which neonates long-term follow-up is required, as their outcomes (either 

absence or presence of sequelae) cannot be predicted from short term outcomes and 

clinical background characteristics.
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Overall, the aim of this project is to increase international awareness of the importance 

of and to stimulate research on long-term follow-up after obstetric RCTs when evaluating 

perinatal interventions. We would like to encourage other researchers participating in large 

follow-up studies to join our effort and to collaborate with us on the external validation of 

our prediction models. 
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Abstract

BACKGROUND Although the hope is that many perinatal interventions are performed 

with an ultimate aim to improve the long-term health and development of the child, 

long-term outcome is rarely used as a primary end-point in perinatal randomized controlled 

trials (RCTs).

OBJECTIVE We performed a systematic review to evaluate how often and with which 

tools long-term follow-up is performed after large obstetric RCTs.

SEARCH STRATEGY We searched the Cochrane Library for Cochrane reviews published 

by the Cochrane Pregnancy and Childbirth Group for reviews on interventions that aimed 

to improve neonatal outcome. 

SELECTION CRITERIA Reviews on perinatal interventions that were not performed to 

improve the condition of the neonate were excluded. We limited our review to RCTs with 

more than 350 participating women. For each included study, we checked in Web of 

Science whether in subsequent publications the researchers had reported on follow-up.

MAIN RESULTS We studied 212 reviews including 1,837 RCTs on perinatal interventions, 

of which 249 (14%) included 350 participants. Only 40/249 RCTs (16%) followed the 

children after discharge from the hospital to evaluate the effect of a specific perinatal 

intervention. The number of RCTs with long-term follow-up remained stable with 10 out 

67 RCTs (15%) that reported follow-up before 1990, 17 out 115 (15%) between 1990-2000 

and 13 out 67 (19%) after 2000 (p=0.68).

CONCLUSIONS Only a small minority of large perinatal RCTs reports on long-term follow-

up of the child. Future obstetric RCTs should consider performing long-term follow-up at 

the start of the trial.
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Introduction

The hope is that many perinatal interventions are performed to improve long-term child 

outcome. Nevertheless, most primary outcomes of RCTs are still short-term outcomes. 

We think that continuous follow-up of children who take part in perinatal RCTs long 

after discharge from the hospital is necessary, because serious sequelae from perinatal 

complications frequently manifest themselves only after several years 1. However, long-term 

follow-up is time-consuming, expensive, often beyond obstetricians’ main research interest 

and falls outside the funding-period of most perinatal RCTs. Consequently, the primary 

end-point tends to be selected from outcomes that occur before initial hospital discharge 2. 

Long-term follow-up is crucial, as perinatal interventions often aim to prevent morbidity 

in later life and to optimize neurodevelopmental outcome, thus changing the overall 

conclusion regarding the optimal diagnostic or treatment strategy in a pregnant woman. 

The administration of diethylstilbestrol during the fifties or more recently, the administration 

of antenatal thyrotropin-releasing hormone for prevention of neonatal respiratory disease 

or antibiotics for spontaneous preterm labour are prime examples of interventions that  

turned out to have important negative long-term effects 3-10.

The aim of this systematic review was to evaluate how often long-term follow-up is 

performed in large perinatal RCTs and whether this was planned before the start of the 

RCT or not. If follow-up has been performed, we documented the percentage of children 

that has been followed after discharge of the hospital and the follow-up methods that 

have been used. We think that this information can provide guidance to future clinical 

trialists  and will encourage setting up follow-up at start of perinatal RCTs. In case of 

limited funding or lack of infrastructure it will help choosing follow-up tools, appropriate 

for those circumstances. 

Methods

We searched the Cochrane Library 2008 issue 4 for Cochrane reviews published by the 

Cochrane Pregnancy and Childbirth Group for reviews on interventions that aimed to 

improve neonatal and/or child outcome. We assumed that all important perinatal RCTs 

published are included in one of the reviews of the Cochrane Pregnancy and Childbirth 

group. All reviews on perinatal interventions that aimed to improve neonatal and/or child 

outcome were included. Reviews on interventions primarily looking at other aspects than 

neonatal and/or child outcome such as labour progress were also included when these 

interventions could affect neonatal and/or child outcome. Cochrane reviews of perinatal 

interventions that have no potential health benefit for the neonate or child were excluded 

(for example the Cochrane review “antibiotics regimens for endometritis after delivery”). 
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From the relevant Cochrane reviews, we selected studies reporting on RCTs with more 

than 350 women. Every included RCT was screened for statements on long-term child 

follow-up. RCTs without statements on long-term follow-up were cross-checked with 

Web of Science to see if long-term effects were reported in subsequent publications. We 

assumed that articles reporting on long-term effects of a specific perinatal intervention will 

refer to the original article reporting this RCT. 

Relevant information was extracted from these selected RCTs by two reviewers using 

a predefined data collection sheet. The following characteristics were extracted from 

included RCTs: general study characteristics (country of investigation, year of publication, 

journal of publication, sample size, primary outcome if mentioned, effect of intervention, 

power calculation), whether long-term follow-up was performed, whether this follow-

up was planned before the start of the RCT, and whether the overall verdict regarding 

the effect of an intervention was changed after long-term follow-up. If follow-up was 

performed, the duration of follow-up, follow-up rate and methods and instruments used 

was documented. All information was entered and analysed using SPSS 17.0 (SPSS Inc., 

Chicago, IL, USA).

Results

Of 304 reviews of the Cochrane Pregnancy & Child birth group, 212 contained potentially 

relevant information as they reported on the interventions to improve neonatal and/or 

child outcome. These relevant reviews included 1,837 studies on obstetrical interventions 

of which 249 (14%) reported on more than 350 women. Of these 249 studies, only 40 

studies (16%) followed the children after discharge from the hospital to evaluate the effect 

of a specific perinatal intervention (figure 1) 3-10, 11-49, 50-95  and 209 studies performed 

no long-term follow-up (see appendix S1 for references: https://cadpddci6g96l2s10l-h4y-

8jf.sec.amc.nl/doi/10.1111/j.1471-0528.2012.03465.x/full). 

Table 1 shows the study characteristics of included studies. Before 1990 follow-up was 

performed in 15% (10/67) of the RCTs, versus 15% (17/115) between 1990-2000 and 

19% (13/67) after 2000 (p=0.68). Large perinatal trials were most often performed in 

the United States (74/249), closely followed by United Kingdom (47/249) and mainland 

Europe (48/249).

RCTs with follow-up after discharge hospital (table 2)

Table 2 shows the characteristics of the follow-up studies. As mentioned above, 40 large 

RCTs performed follow-up of the child after discharge of the hospital. The duration of 
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Figure 1: Flow chart

Reviews Cochrane Pregnancy & Childbirth Group
to improve long - term neonatal outcome

N= 212 reviews  

Studies included in these reviews

N= 1837 studies

RCTs > 350 women  

N= 249 studies  (14%)  

RCTs with child follow-up after discharge hospital

N= 40  studies  (16%)  

Total number of r eviews  
Cochrane Pregnancy & Childbirth Group 

N= 304 reviews

Table 1: Study characteristics

RCTs without long-term 
follow-up N= 209

RCTs with long-term 
follow-up N= 40

Published 

     < 1990 57 (85%) 10 (15%)

     1990-2000 98 (85%) 17 (15%)

     > 2000 54 (81%) 13 (19%)

Country of investigation

     US 61 (82%) 13 (18%)

     UK 45 (96%) 2 (4%)

     Mainland Europe 40 (85%) 7 (15%)

     Canada 5 (71%) 2 (29%)

     Australia/ New Zealand 11 (65%) 6 (35%)

     African country 17 (89%) 2 (11%)

     Asian country 9 (75%) 3 (25%)

     South America 11 (85%) 2 (15%)

     Global studies 10 (77%) 3 (23%)

Global=recruitment takes place in more than one country. Long-term=follow-up after discharge from the hospital
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follow-up varied from 3 months to 40 years. Intentions for these long-term follow-up were 

mentioned in 21 of the 40 initial reports (53%). 

There were 145 out of 249 RCTs that reported a power calculation for the primary outcome 

in the initial report, but an adequate power calculation for long-term child outcome was 

reported in only 6 of the 40 RCTs (15%) in which long-term follow-up was studied. Not all 

live born infants included in the RCT were always approached for follow-up. The following 

Table 2: RCTs with follow-up

First author + year of 
publication

Subject RCT Intention for 
follow-up 

mentioned in 
RCT article
(yes/no)

RCT powered
for follow-up

(yes/no)

Duration 
follow-up 
(months)

No of children 
randomized in RCT 

and included in 
the analysis/ no of 

children available for 
follow-up *

No of children 
approached for 
follow-up (A)

No of children 
included in 
follow-up 

analysis (B)
(follow-up rate 

=B/A))

Conclusion effect 
intervention

after short-term vs 
long-term follow-up

Bakketeig 1984 / Eik-Nes 
2000 11,12 

Effect of ultrasonographic screening in pregnancy No No 8-9 yr (4 
articles)

2664 /  2521 2428 2167 (89%) Unclear / No effect

Belizan 1991 13 Ca supplementation to prevent hypertensive disorders of pregnancy No No 84 1167 / 1154 591 518 (88%) Positive / Positive

Ceesay 1997 14 Effects of maternal micronutrient supplements on low birth weight/
mortality

Yes No 12 2082 / 1982 1982 1982 (100%) Positive / No effect

Chaparro 2006 15 Effect of timing umbilical cord clamping on iron status Yes Yes 6 476 / 476 476 358 (75%) Positive / Positive

Christian 2003 16 Effects of maternal micronutrient supplements on low birth weight Yes No 6 4960 / 4130 4130 4122 (99,8%) Positive / Unclear

CLASP Collaborative Group 
1994 17

Low-dose aspirin for the prevention and treatment of preeclamsia Yes No 12+18 9631 /  9230 5098 4382 (86%) No effect / No effect

Collaborative group 1981 18 Antenatal dexamethasone to prevent RDS Yes No 9+18+36 739 / 718 718 478 (67%) Positive / No effect

Crowther 1995 3 Antenatal thyrotropin-releasing hormone for prevention of RDS Yes No 12 1400 / 1281 1262 1042 (83%) Negative / Negative

Crowther 1999 19 Ca supplementation to prevent PIH, preeclampsia and preterm birth No No 48 456 / 453 414 179 (43%) Positive / No effect

Crowther 2003 20 Effect of MgSO4 given for neuroprotection before preterm birth Yes Yes 24 1255 / 1067 1067 1053 (99%) No effect / Unclear

Crowther 2006 21 RDS after repeat exposure to antenatal corticosteroids Yes No 24 1146 / 1090 1090 1047 (96%) Positive / No effect

Czeizel 1994 22 Effect of periconceptional multivitamin supplementation No No 8-21, 24+72 4704 / 4122 4122 / 800 3713 (90%), 
632 (79%)

No effect / No effect/ 
No effect

Dieckmann 1953 5 Effect of diethylstilbestrol during pregnancy No No 15, 23, 25-
28, 28, 35, 
37-39 years

1653 / NA NA NA No effect / Negative

Goldenberg 1995 23 Effect of zinc supplementation on pregnancy outcome No No 60 580 / 576 576 355 (62%) Positive / No effect

Hannah 2000 23 Planned caesarean section vs vaginal birth for breech presentation Yes No 24 2083 / 2062 1159 923 (80%) Positive / No effect

Haverkamp 1978 25 Effect of electronic fetal monitoring vs auscultation in labor Yes No 9 695 / 692 692 492 (71%) Unclear / No effect

Italian study group 1993 26 Low-dose aspirin in prevention of IUGR and PIH No No 18 1161 / 1124 1083 788 (73%) No effect / No effect

Kenyon 2001 27 Antibiotics for preterm, prelabour rupture of membranes: Oracle I Yes Yes 84 5107 / NA 4378 3298 (75%) Unclear / No effect

Kenyon 2001 9 Antibiotics for spontaneous preterm labour: Oracle II No No 84 NA / NA 4473 3219 (72%) No effect / Negative

Kumwenda 2002 28 Vit A to increase birth weight & decrease anemia in HIV infected 
women

Yes Yes 12+24 648 / 590 562 562 (100%) Positive / Positive

Levine 1997 29 Calcium to prevent preeclampsia No No 3+24 4589 / 4449 497 57 (11%) No effect / Positive

Luthy 1987 30 Effect of electronic fetal monitoring vs periodic auscultation in 
preterm labour

No No 4+8+18 376 / 212 212 173 (82%) No effect/ No effect

MacDonald 1985 31 Effect of intrapartum fetal monitoring vs intermittent auscultation Yes No 48 13084 / 13065 183 170 (93%) Positive / No effect

Magpie Collaborative Group 
2002 32

Do women with preeclampsia, and their babies benefit from MgSO4 Yes No 18 9024 / 7890 4095 2895 (71%) Positive / No effect

Makrides 2003 33 Efficacy and tolerability of low-dose iron supplements in pregnancy No No 6+48, 48 435 /432 432 213 (49%) / 
302 (70%)

Positive / No effect / 
No effect
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reasons were often mentioned for not approaching all children; exclusion of children born 

in hospitals in specific countries or states, exclusion of children born before or after a 

specific date of birth, parents declining participation before start follow-up, only inclusion 

of children born in hospitals with a follow-up rate > 80%, only inclusion of children with 

a high a priori probability of abnormalities (for example, only inclusion of children with 

Table 2: RCTs with follow-up

First author + year of 
publication

Subject RCT Intention for 
follow-up 

mentioned in 
RCT article
(yes/no)

RCT powered
for follow-up

(yes/no)

Duration 
follow-up 
(months)

No of children 
randomized in RCT 

and included in 
the analysis/ no of 

children available for 
follow-up *

No of children 
approached for 
follow-up (A)

No of children 
included in 
follow-up 

analysis (B)
(follow-up rate 

=B/A))

Conclusion effect 
intervention

after short-term vs 
long-term follow-up

Bakketeig 1984 / Eik-Nes 
2000 11,12 

Effect of ultrasonographic screening in pregnancy No No 8-9 yr (4 
articles)

2664 /  2521 2428 2167 (89%) Unclear / No effect

Belizan 1991 13 Ca supplementation to prevent hypertensive disorders of pregnancy No No 84 1167 / 1154 591 518 (88%) Positive / Positive

Ceesay 1997 14 Effects of maternal micronutrient supplements on low birth weight/
mortality

Yes No 12 2082 / 1982 1982 1982 (100%) Positive / No effect

Chaparro 2006 15 Effect of timing umbilical cord clamping on iron status Yes Yes 6 476 / 476 476 358 (75%) Positive / Positive

Christian 2003 16 Effects of maternal micronutrient supplements on low birth weight Yes No 6 4960 / 4130 4130 4122 (99,8%) Positive / Unclear

CLASP Collaborative Group 
1994 17

Low-dose aspirin for the prevention and treatment of preeclamsia Yes No 12+18 9631 /  9230 5098 4382 (86%) No effect / No effect

Collaborative group 1981 18 Antenatal dexamethasone to prevent RDS Yes No 9+18+36 739 / 718 718 478 (67%) Positive / No effect

Crowther 1995 3 Antenatal thyrotropin-releasing hormone for prevention of RDS Yes No 12 1400 / 1281 1262 1042 (83%) Negative / Negative

Crowther 1999 19 Ca supplementation to prevent PIH, preeclampsia and preterm birth No No 48 456 / 453 414 179 (43%) Positive / No effect

Crowther 2003 20 Effect of MgSO4 given for neuroprotection before preterm birth Yes Yes 24 1255 / 1067 1067 1053 (99%) No effect / Unclear

Crowther 2006 21 RDS after repeat exposure to antenatal corticosteroids Yes No 24 1146 / 1090 1090 1047 (96%) Positive / No effect

Czeizel 1994 22 Effect of periconceptional multivitamin supplementation No No 8-21, 24+72 4704 / 4122 4122 / 800 3713 (90%), 
632 (79%)

No effect / No effect/ 
No effect

Dieckmann 1953 5 Effect of diethylstilbestrol during pregnancy No No 15, 23, 25-
28, 28, 35, 
37-39 years

1653 / NA NA NA No effect / Negative

Goldenberg 1995 23 Effect of zinc supplementation on pregnancy outcome No No 60 580 / 576 576 355 (62%) Positive / No effect

Hannah 2000 23 Planned caesarean section vs vaginal birth for breech presentation Yes No 24 2083 / 2062 1159 923 (80%) Positive / No effect

Haverkamp 1978 25 Effect of electronic fetal monitoring vs auscultation in labor Yes No 9 695 / 692 692 492 (71%) Unclear / No effect

Italian study group 1993 26 Low-dose aspirin in prevention of IUGR and PIH No No 18 1161 / 1124 1083 788 (73%) No effect / No effect

Kenyon 2001 27 Antibiotics for preterm, prelabour rupture of membranes: Oracle I Yes Yes 84 5107 / NA 4378 3298 (75%) Unclear / No effect

Kenyon 2001 9 Antibiotics for spontaneous preterm labour: Oracle II No No 84 NA / NA 4473 3219 (72%) No effect / Negative

Kumwenda 2002 28 Vit A to increase birth weight & decrease anemia in HIV infected 
women

Yes Yes 12+24 648 / 590 562 562 (100%) Positive / Positive

Levine 1997 29 Calcium to prevent preeclampsia No No 3+24 4589 / 4449 497 57 (11%) No effect / Positive

Luthy 1987 30 Effect of electronic fetal monitoring vs periodic auscultation in 
preterm labour

No No 4+8+18 376 / 212 212 173 (82%) No effect/ No effect

MacDonald 1985 31 Effect of intrapartum fetal monitoring vs intermittent auscultation Yes No 48 13084 / 13065 183 170 (93%) Positive / No effect

Magpie Collaborative Group 
2002 32

Do women with preeclampsia, and their babies benefit from MgSO4 Yes No 18 9024 / 7890 4095 2895 (71%) Positive / No effect

Makrides 2003 33 Efficacy and tolerability of low-dose iron supplements in pregnancy No No 6+48, 48 435 /432 432 213 (49%) / 
302 (70%)

Positive / No effect / 
No effect
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abnormal neurological signs during neonatal period), only a random sample of the study 

population was followed after the neonatal period. Overall, the follow-up rate varied 

between 11 and 100 %.

The effect of a perinatal intervention was judged positive on the short-term in 18 of 40 

RCTs, negative in 2 of 40 RCTs, no effect in 13 of 40 RCTs and unclear in 7 of 40 RCTs. 

Overall conclusion on the treatment effects has changed in the majority of RCTs after 

long-term follow-up (24 of 40 RCTs). Of the 13 RCTs judged as having no effect after 

short-term analysis, 6 RCTs reported a different outcome after long-term follow-up of the 

child (46%).

Table 2 (continued): RCTs with follow-up

First author + year of 
publication

Subject RCT Intention for 
follow-up 

mentioned in 
RCT article
(yes/no)

RCT powered
for follow-up

(yes/no)

Duration 
follow-up 
(months)

No of children 
randomized in RCT 

and included in 
the analysis/ no of 

children available for 
follow-up *

No of children 
approached for 
follow-up (A)

No of children 
included in 
follow-up 

analysis (B)
(follow-up rate 

=B/A))

Conclusion effect 
intervention

after short-term vs 
long-term follow-up

Marret 2006 34 MgSO4 given for preterm birth to protect infant brain No No 24 688 / 616 616 606 (98%) Unclear / Positive

Meis 2003 35 Prevention of recurrent preterm delivery by progesterone No No 48 463 / 429 348 278 (80%) Positive / No effect

Moutquin 1992 36 Treatment of preterm labour with beta-adrenergic ritrodine Yes No 18 771 / 723 246 246 (100%) No effect / No effect

Newnham 1993 37 Effect of frequent ultrasound during pregnancy No No 12,24+36
+60+96

2801 / 2743 2714 2042 (75%) Negative / No effect

Olds 1986 38 Nurse visitation to improve outcomes of pregnancy Yes No 48, 180 400 / 372 372 315 (85%) Positive /  Positive / 
Positive

Olsen 1992 39 Effect of fish-oil supplementation on pregnancy duration No No 192 533 / 531 531 528 (99%) Positive / Positive

Osendarp 2000 40, 41 Effect of zinc supplementation on pregnancy outcome No No 6, 13 566 / 547 420 / 240 405 (96%) / 
181 (75%)

No effect / Positive / 
Unclear

Rouse 2008 42 MgSO4 for the prevention of cerebral palsy Yes Yes 24 2431 / 2267 2267 2172 (96%) No effect / Unclear

Rush 1980 43 Effect of prenatal nutritional supplementation Yes No 12 823 /768 768 624 (81%) Unclear / Unclear

Sexton 1984 44 Change in maternal smoking and its effects on birth weight Yes No 36, 36 945 / 880 802 / 491 714 (89%), 
366 (75%) 

Positive / Positive / 
Positive

Shankaran 1997 45 Effect of antenatal Phenobarbital on neonatal intracranial 
haemorrhage

Yes No 18-22 668 / 624 578 443 (77%) No effect / No effect

Thorp 1995 46 Vit K and phenobarbital to prevent intracranial haemorrhage No No 24, 84 414 / 375 375 / 375 121 (32%), 
299 (80%)

No effect / Negative /
No effect

Waldenstrom 1988 47 Effects of routine one-stage ultrasound screening in pregnancy No No 84 5039 / 4847 4637 3265 (70%) Unclear / No effect

Wapner 2006 48 Single vs weekly courses of antenatal corticosteroids No No 24 592 / 583 560 486 (87%) Unclear / Unclear

West 1999 49 Effect of supplementation with Vit A and β carotene on mortality Yes Yes 3+6 NA / NA 14823 13677 (92%) Positive / Unclear

Abbreviations: RDS=Respiratory distress syndrome, IUGR=Intrauterine growth retardation, PIH=Pregnancy 
induced hypertension, Ca=Calcium, MgSO4= Magnesium sulphate, NA=not applicable
* Children available for follow-up= No of children randomized in RCT and included in the analysis minus
stillbirths and neonatal deaths
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Methods used for follow-up (table 3)

In table 3 the long-term outcomes and the methods used for follow-up are shown. The 

table shows that there is no overall consensus which methods and types of questionnaires 

or assessments should be used to measure specific long-term outcomes. In total, 28 

studies have evaluated long-term neurological development of the child. Of these 28 

studies 4, 8, 14, 64, 213, 217, 258-286, 4 studies only used questionnaire(s), 8 studies only used 

assessment(s), 15 studies used a combination of questionnaire(s) and assessment(s) and 1 

study performed only a neurological examination. 

Table 2 (continued): RCTs with follow-up

First author + year of 
publication

Subject RCT Intention for 
follow-up 

mentioned in 
RCT article
(yes/no)

RCT powered
for follow-up

(yes/no)

Duration 
follow-up 
(months)

No of children 
randomized in RCT 

and included in 
the analysis/ no of 

children available for 
follow-up *

No of children 
approached for 
follow-up (A)

No of children 
included in 
follow-up 

analysis (B)
(follow-up rate 

=B/A))

Conclusion effect 
intervention

after short-term vs 
long-term follow-up

Marret 2006 34 MgSO4 given for preterm birth to protect infant brain No No 24 688 / 616 616 606 (98%) Unclear / Positive

Meis 2003 35 Prevention of recurrent preterm delivery by progesterone No No 48 463 / 429 348 278 (80%) Positive / No effect

Moutquin 1992 36 Treatment of preterm labour with beta-adrenergic ritrodine Yes No 18 771 / 723 246 246 (100%) No effect / No effect

Newnham 1993 37 Effect of frequent ultrasound during pregnancy No No 12,24+36
+60+96

2801 / 2743 2714 2042 (75%) Negative / No effect

Olds 1986 38 Nurse visitation to improve outcomes of pregnancy Yes No 48, 180 400 / 372 372 315 (85%) Positive /  Positive / 
Positive

Olsen 1992 39 Effect of fish-oil supplementation on pregnancy duration No No 192 533 / 531 531 528 (99%) Positive / Positive

Osendarp 2000 40, 41 Effect of zinc supplementation on pregnancy outcome No No 6, 13 566 / 547 420 / 240 405 (96%) / 
181 (75%)

No effect / Positive / 
Unclear

Rouse 2008 42 MgSO4 for the prevention of cerebral palsy Yes Yes 24 2431 / 2267 2267 2172 (96%) No effect / Unclear

Rush 1980 43 Effect of prenatal nutritional supplementation Yes No 12 823 /768 768 624 (81%) Unclear / Unclear

Sexton 1984 44 Change in maternal smoking and its effects on birth weight Yes No 36, 36 945 / 880 802 / 491 714 (89%), 
366 (75%) 

Positive / Positive / 
Positive

Shankaran 1997 45 Effect of antenatal Phenobarbital on neonatal intracranial 
haemorrhage

Yes No 18-22 668 / 624 578 443 (77%) No effect / No effect

Thorp 1995 46 Vit K and phenobarbital to prevent intracranial haemorrhage No No 24, 84 414 / 375 375 / 375 121 (32%), 
299 (80%)

No effect / Negative /
No effect

Waldenstrom 1988 47 Effects of routine one-stage ultrasound screening in pregnancy No No 84 5039 / 4847 4637 3265 (70%) Unclear / No effect

Wapner 2006 48 Single vs weekly courses of antenatal corticosteroids No No 24 592 / 583 560 486 (87%) Unclear / Unclear

West 1999 49 Effect of supplementation with Vit A and β carotene on mortality Yes Yes 3+6 NA / NA 14823 13677 (92%) Positive / Unclear

Abbreviations: RDS=Respiratory distress syndrome, IUGR=Intrauterine growth retardation, PIH=Pregnancy 
induced hypertension, Ca=Calcium, MgSO4= Magnesium sulphate, NA=not applicable
* Children available for follow-up= No of children randomized in RCT and included in the analysis minus 
stillbirths and neonatal deaths
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Table 3: Follow-up methods

First Author + year 
of publication

Long-term child outcome Follow-up methods used

Bakketeig 1984 / Eik-
Nes 2000  11,12, 50-53

Reading (dyslexia) & 
writing skills, vision & 
hearing, dominant hand, 
neurodevelopment, growth

Questionnaire: sociodemographic data, child’s health 
(hearing, vision, development), questions about dominant 
hand (modified version of a questionnaire developed by 
Rackzowski) and immune disorders. 

Teacher’s questionnaire: to assess reading, spelling, and 
arithmetic achievement and to give a child’s overall school 
performance. 

Subsample of infants was selected for examination with 
specific tests for dyslexia. 

Medical records from maternal & child health centers at 
3,6,12 months and 2,4,7 years; Visual acuity tests, pure tone 
audiometry (7 years), anthropometric measurements (3,6,12 
months & 2,4,7 years).

Modified version of the Denver developmental screening test

Belizan 13, 54 Blood pressure Anthropometric measurements

Blood pressure

Health questionnaire: questions about major illnesses, 
hospital admissions or episodes of urinary stones or gall 
stones

Ceesay 1997 14 Mortality Mortality rate

Chaparro 2006 15, 55   Iron & lead status (blood) Morbidity and dietary intake data for the child were 
collected through hospital visit or phone, height and weight 
measurements if interview occurred in hospital.

Blood: iron and lead status (6 months).

Christian 2003 16, 56 Mortality Mortality

CLASP Collaborative 
Group 1994 17, 57

Hospital visits for congenital 
abnormalities, motor deficits, 
developmental delay, 
respiratory or bleeding 
problems. Growth. Delay in 
certain developmental skills

Information of health through general practitioners: 
mortality, frequency and nature of consultations, details 
hospital admissions and outpatient consultations, questions 
about bleeding disorders, motor impairment, congenital 
abnormalities, respiratory illness, developmental delay (12 
months).

Questionnaire based on the work of Sonnander: question 
about gross/fine motor functions, hearing and language, 
vision, social skills and behaviour, feeding and sleep 
patterns, respiratory problems, consultations with their 
general practitioner, hospital referrals and admissions, 
weight, height (18 months).

Collaborative group 
1981 18, 58

Growth, neurological, motor 
& intellectual development

Physical and neurological examination

Prechtl examination with a variation of the visual 
components of the Brazelton Neonatal Behavioural 
Assessment scale

Bayley’s scales of infant development (MDI and PDI)

McCarthy Scales of children’s abilities

Social Economic status and Social Support Systems 
questionnaire

Crowther 1995 3, 4 Sensory, motor, language and 
social development. Use of 
health services.

Questionnaire: child’s medical history and questions if their 
child could perform milestone tasks. 

Crowther 1999 19, 59 Blood pressure Anthropometric measurements

Blood pressure

Questionnaire; exercise, diet, smoking, alcohol consumption, 
illness, any current drug treatment, history of infant feeding.
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Crowther 2003 20 Mortality 2 year, neurological 
development, cerebral palsy

Bayley’s scales of infant development (MDI and PDI)

Visual & hearing tests

Evaluation gross motor function by criteria from Palisano et 
al.

Crowther 2006 21, 60 Growth, neurosensory 
disability

Anthropometric measurements

Blood pressure

Visual & hearing tests

Bayley’s scales of infant development (MDI and PDI)

Questionnaire on child’s history of illness (including 
respiratory illness), and the use of health services

Child Behaviour Checklist. 

Czeizel 1994 22, 61, 62 Growth, serious and chronic 
disorders, mental & behaviour 
development

Anthropometric measurements (11 months, 2 and 6 years)

Physical examination (11 months)

Reviewing medical records: congenital abnormalities and 
diseases, treatments and operations.

Popper-Szondy functional developmental test (11 months),

Budapest developmental test

Neurological examination (2 and 6 year)

Audiological & ophthalmological examinations (2 and 6 
years)

Brunet-Lezine method to determine developmental quotient 
(2 year)

Binet test to access IQ (6 years)

Goodenough man drawing test (6 year)

In questionable cases, the Raven-test measuring congenital 
intellect was used ( 6 year).

TDieckmann 1953  5-7, 
10, 63-69

23 years (Bibbo 1977, Gill 
1977): effects on genital 
tract, cancer.

25 years (Gill 1979)

25-28 years (Herbst 1980): 
reproductive history 
(infertility, stillbirth, neonatal 
death, miscarriage, ectopic 
pregnancy)

28 years (Herbst 1981): 
reproductive history, 
gynaecologic operations, 
cancer. 

35 years (Senekjian 1988): 
infertility

15 years (Wilcox 1992): 
performance on college 
entrance examinations

37-39 years (Hornsby 1994): 
effects on menstrual cycle

37-39 years (Hornsby 1995): 
premature ovarian failure, 
onset of menopause

40 years (Wilcox 1995)

23 years: Female: evaluation of medial history, general 
physical examination, gynaecologic and colposcopic 
examinations, FSH + LH (blood), Cytologic specimens from 
cervix, endocervix, vaginal walls, urine cytology. Male: 
evaluation of medical history, detailed physical examination 
including general physical + urological examinations, urine 
cytology, prostatic fluid cytology, radio-immunoassays of 
LH,FSH, testosterone in blood.

25 years: Anatomical abnormalities of the male genital tract 
were sought by; Physical examination, cytology of urine, 
prostatic fluid and aspirated epididymal cysts and biopsies 
of the epididymis or testes when feasible. Functional 
abnormalities of male genital tract were searched for by 
evaluation of medical history, blood hormone levels of FSH/
LH/ testosterone and semen analysis.

25-28 years: questionnaire completed during clinic visit, 
telephone interviews, or by mail. Medical records. 

28 years: questionnaire: competed during clinic visit, 
telephone interviews, or by mail. Medical records. 

35 years: questionnaire.

15 years: American College Testing test

37-39 years: menstrual diary, questionnaire: dieting, leisure-
time, physical activity, perceived stress

37-39 years: telephone interview: questions about ovarian 
failure & menopausal symptoms

40 years: telephone interview: questions about fertility
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Goldenberg 1995 
23, 70

Mental & psychomotor 
development

Questionnaire: Home Screening Questionnaire, Wide Range 
Achievement test, Peabody Picture Vocabulary Test. 

Children’s tests: Differential Ability scales (intelligence), 
Visual and Audiotory Sequentional Memory (visual and 
auditory memory span), Knox Cube (attention span test), 
Gross Motor Scale (development gross motor function), 
Grooved Pegboard tests (dominant and nondominant 
hands). 

Hannah 2000 24, 71 Mortality, 
neurodevelopmental 
outcome.

ASQ, followed by Bayley’s scales of infant development (MDI 
and PDI) if ASQ was abnormal. 

Haverkamp 1978 
25, 72

Growth, neurological 
development

Physical examination

Bayley’s scales of infant development (MDI and PDI)

Milani-Comparetti Developmental test

Medical and developmental history from mother and 
medical records

Italian study group 
1993 26, 73

Growth, respiratory problems, 
gross/fine motor function, 
hearing & visual function, 
language development

Questionnaire: vital status, height, weight, malformations, 
respiratory, hearing and visual problems, other major 
disorders and other questions derived from Sonnander’s 
questionnaire (gross and fine motor and language 
development)

Kenyon 2001 27, 74 General health, functional 
impairment & educational 
outcomes, neurological 
development

Questionnaire to assess child’s health status; comprised 
the Health Utilities Index from which the Multi-Attribute 
Health Status (MAHS) is derived, Strengths and Difficulties 
Questionnaire and specific questions on respiratory 
symptoms, hospital admissions, convulsions, other specific 
medical conditions, and demographic data. National 
curriculum test.

Kenyon 2001 8, 9 General health, functional 
impairment & educational 
outcomes, neurological 
development

Questionnaire to asses child’s health status; comprised 
the Health Utilities Index from which the Multi-Attribute 
Health Status (MAHS) is derived, Strengths and Difficulties 
Questionnaire and specific question on respiratory 
symptoms, hospital admissions, convulsions, other specific 
medical conditions, and demographic data. National 
curriculum test.

Kumwenda 2002 28 Perinatal HIV infection, 
growth

Blood: HIV status (12, 24 months), haemoglobin status (12 
months),

Anthropometric measurements

Levine 1997 29, 75 Blood pressure Blood pressure

Ultrasound to measure left ventricular wall mass

Luthy 1987 30, 76 Neurological development Neurological examination (18 months)

Bayley’s scales of infant development (MDI and PDI) (4, 8, 
18 months)

Movement Assessment of Infants (4, 8 months)

MacDonald 1985 
31, 77

Cerebral palsy Physical & neurological examination

Magpie Collaborative 
Group 2002 32, 78

Mortality, neurosensory 
disability, delayed speech, 
other disability, contact with 
health services

ASQ (18 months)

Bayley’s scales of infant development (MDI and PDI) for 
infants who failed ASQ + random sample of ASQ negative 
infants

Makrides 2003 33, 79 Iron status (blood), IQ, child 
behaviour

Blood: iron status (6 months and 4 years)

Anthropometric measurements (4 years)

Stanford-Binet Intelligence Scale (4 years)

Strength and Difficulties Questionnaire parent report form 
(4 years)

Home Screening Questionnaire
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Marret 2006 34, 80 Motor & cognitive functions Paediatricians evaluated motor and cognitive functions using 
a questionnaire with developmental items extracted from 
the Amiel-Tison and Denver scales and European Cerebral 
Palsy Network definitions (24 months)

Meis 2003 35, 81 General health, growth, 
neurodevelopmental 
outcomes

Health survey questionnaire

Anthropometric measurements

Physical examination, blood pressure

ASQ

Preschool Activities Inventory (gender-specific roles)

Moutquin 1992 36 Infant morbidity, neurological 
development

Health history

Physical examination

Bayley’s scales of infant development (MDI and PDI)

Questionnaire for parents

Minnesota Child development Inventory

Newnham 1993 37, 
82-83

Growth, neurological 
development, speech, 
language, behaviour. 

Anthropometric measurements

Modified toddler temperament scale (12 months)

Early language milestone scale (12 months)

Questionnaire: infant/child monitoring questionnaires (1,2,3 
years)

Denver developmental screening test (1, 2 years)

Language development survey (2 years)

Child behaviour checklist (2,5,8 years)

Peabody picture vocabulary test (5 years). 

Olds 1986 38, 84, 85 Intellectual impairment, 
antisocial behaviour (15 
years)

Assessment of home environment; Caldwell and Bradley’s 
Home Observation for Measurement of the Environment 
(HOME) (6,10, 22, 34, 46 months)

Bayley’s scales of infant development (MDI) (12 months)

Cattell Scales (24 months)

Stanford-Binet (36 and 48 months)

Children’s self report of running away, arrest, convictions, 
being sentenced to youth corrections, initiation of sexual 
intercourse, number of seks partners, use of illegal 
substances; school records of suspension; teachers’ reports 
of children’s disruptive behaviour in school; and parents’ 
reports of the children’s arrests and behavioural problems 
related to the children’s use of alcohol and other drugs (15 
years).

Olsen 1992 39, 86 Asthma Data extraction from National Patient Registry Denmark

Osendarp 2000 40, 
41, 87

Growth, zinc status Anthropometric measurements

Blood: zinc status

Interviews during home visits: history of respiratory 
infections, diarrhoea, fever, skin infections, and other 
illnesses

Rouse 2008 42 Mortality 1 year, neurological 
development, cerebral palsy

Neurological examination (1, 2 years)

Diagnosis of cerebral palsy by paediatrician (2 years): Gross 
Motor Function Classification System to assess severity of 
cerebral palsy.

Bayley’s scales of infant development (MDI and PDI) (2 
years)
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Discussion

We found that out of 249 large RCTs on perinatal interventions, only 40 RCTs (16%) 

followed the children after discharge from the hospital to evaluate the effect of a specific 

perinatal intervention. Intentions to carry out for long-term child follow-up were stated 

in 21 of the 40 in the initial reports. Although there is an increasing awareness of the 

importance of long-term follow-up after perinatal RCTs, we found no clear trend indicating 

more long-term follow-up in studies over time. 

This review shows also that there is no consistency in the methods used for children’s 

follow-up. Some differences may be justifiable. When, for example, one is evaluating the 

effect of an intervention on growth, such as zinc supplementation, one is particularly 

interested in differences in anthropometric measurements later in life and the neurological 

development of a child may not be the primary concern. Nevertheless, the studies evaluating 

Rush 1980 43 Growth, psychosocial 
measurements

Anthropometric measurements

Bayley’s scales of infant development (MDI and PDI)

Object permanence test, observation of free play & visual 
habituation test.

Sexton 1984 44, 88, 89 Growth, cognitive functioning Anthropometric measurements

Questionnaire: sociodemography of the family and home, 
her smoking history since labour, subsequent reproductive 
history, child’s exposure to tobacco, child’s history of 
morbidity (3 years)

Pre-school version of the Minnesota Child Development 
History

McCarthy Scales of children’s abilities (36 months)

Shankaran 1997 45, 90 Neurodevelopmental 
outcome

Anthropometric measurements

Neurological examination

Bayley’s scales of infant development (MDI and PDI)

Visual & hearing tests

Thorp 1995 46, 91, 92 Neurodevelopmental 
outcome (2 years), 
intelligence, achievement, 
behaviour, growth (7 years)

Bayley’s scales of infant development (MDI and PDI) (2 
years)

Wechsler Intelligence Scale for children (7 years)

Wide Range Achievement Test (7 years)

Achenbach Teacher’s Report Form (7 years)

Child Behavioral Check List (7 years)

Waldenstrom 1988 
47, 93

Growth, vision & hearing Questionnaire: hearing & vision function, weight, height 
(1,4,7 years). They were asked to use the data reported 
from the child’s health record. 

Wapner 2006 48, 94 Growth, neurodevelopmental 
outcome, cerebral palsy

Detailed medical history, evaluation of developmental 
milestones

Physical & neurological examination

Blood pressure

Bayley’s scales of infant development (MDI and PDI)

West 1999 49, 95 Mortality Mortality
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neurological development used very different methods with assessments performed at very 

different ages. This finding led to the recognition of the need to improve standardization 

and comparability of methodology and data collection for long-term outcomes in perinatal 

RCTs so that future RCTs with comparable research question will have the same primary 

outcome and subsequently will use the same long-term follow-up tools. 

A relative limitation of this review could be the search strategy that we used. We have 

decided to search for relevant RCTs on long-term outcome in the Cochrane library. The 

Medline search did not provide us with enough relevant RCTs due to a lack of good MeSH 

terms. It is, therefore, possible that some large perinatal RCTs with follow-up are missing 

in this review because these trials were not included in published reviews by the Cochrane 

Pregnancy & Childbirth group. Another relative limitation is that we have restricted our 

search to RCTs with > 350 women. The cut-off point of 350 women has been selected 

because large RCTs have the power to detect significant differences in short-term outcomes, 

as well as significant differences in long-term outcomes. As a consequence of this cut-off 

point, smaller RCTs with long-term follow-up are not included in our analysis. Therefore 

our results may not be applicable to smaller size RCTs, and future reviews comparable to 

ours’ may find out whether sample size  leads to other results 

Follow-up studies aimed at finding child outcomes must be carefully designed. Choosing 

the appropriate child outcome measure should be in line with the original study question. 

As also follows from our results, these outcome measures most often are related to 

brain development or therefore concern neuromotor or developmental measures. Also 

child growth measure, child health or metabolic outcomes may be relevant to the study 

question.

For all of these outcome measures, development of prediction models for long-term child 

outcomes based on short-term neonatal outcomes might be an alternative to expensive 

and often underpowered follow-up studies 96-98. To explore the validity of those models, 

a first step would be to study this validity in studies that indeed have long-term follow-

up. Modelling has several advantages. It is comparatively inexpensive and free of ethical 

concerns over consenting issues. It is also fast: a computer model can simulate in minutes 

while follow-up lasts years. Of course, modelling has also limitations. Failings in model 

theory or logic, inaccuracies in model parameters, or omission of key factors can all 

invalidate results 99.

Nevertheless, in the majority of studies (real-time) follow-up is inevitable to evaluate the 

effect of the intervention on the health of the child. This follow-up can be performed 

through questionnaires and/or assessments. Questionnaires, like the Ages-and-Stages 

questionnaire (ASQ), have the advantage that they are relatively inexpensive and easy to 
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organise. A disadvantage is that they are designed as developmental screening tools and 

therefore are less useful to detect mild problems, that tend to be common in preterm 

born children 100. Other disadvantages are that parents frequently over-and under report 

the health status of their child and that response rates vary considerably between studies 
101,102. 

While questionnaires like the ASQ are designed to identify severe developmental delay, the 

Bayley Scales of Infant Development (BSID) is the most widely used test to assess infant 

and toddler development on the areas of cognition, language, motor development  and 

behaviour in the child 3 years of age and under 1, 103. Developmental scores range from 

severe delay to accelerated development and comparison of mean scores per group can 

therefore show that one treatment is superior to another. However, at this young age 

mental and motor development are still intermingled, and delays may not reflect impaired 

development. Moreover, at the age of five and beyond, disabilities become apparent in the 

different developmental domains and therefore at this age developmental outcomes have 

a greater predictive value for later in life 104, 105. 

It would be a step forward if RCTs around the world would use a similar follow-up 

protocol. Choices to be made will then be whether to use questionnaires and if so for 

which aims. Also the age at which an assessment of child development is carried out 

needs to be discussed. Choices need to be made, especially for situations with restricted 

funding. Is an assessment before age three preferable despite of the fact that it is still a 

global measure or should development at later age show whether there are disabilities 

on different developmental areas 100, 104-106. When it is to be expected that certain 

obstetrical treatments have effects on certain brain areas, it is only logical to assess child 

functions related to these areas. 

Conclusion

Only a small minority of large perinatal RCTs reports on long-term follow-up of the child.

Future obstetric RCTs should consider performing long-term follow-up at the start of the 

trial. We recommend the developing of standard guidelines for follow-up after perinatal 

RCTs and will encourage setting up follow-up at start of perinatal RCTs. In case of limited 

funding or lack of infrastructure it will help choosing follow-up tools, appropriate for those 

circumstances.  
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Abstract

OBJECTIVE Late preterm infants (34 0/7-36 6/7 weeks gestation) represent the largest 

proportion of singleton preterm births. A systematic review was performed to access the 

short and/or long-term morbidity of late preterm infants.

STUDY DESIGN An electronic search was conducted for cohort studies published between 

January 2000 and June 2010. 

RESULTS We identified 22 studies studying 29,375,675 infants. Compared with infants 

born at term, infants born late preterm were more likely to suffer poorer short-term 

outcomes such as respiratory distress syndrome (RR 17.3), intraventricular haemorrhage 

(RR 4.9) and death before 28 days (RR 5.9). Beyond the neonatal period, late preterm 

infants were more likely to die in the first year (RR 3.7) and to suffer from cerebral palsy 

(RR 3.1).

CONCLUSION Although the absolute incidence of neonatal mortality and morbidity in 

infants born late preterm is low, its incidence is significantly increased as compared with 

infants born at term.
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Introduction 

The incidence of preterm birth, defined as delivery before the end of the 37th week (259th 

day) of pregnancy from the first day of the last menstrual period, is increasing.  In the 

United States, the preterm rate rose from 9.1% in 1981 to 12.3% in 2003 1. In certain 

regions in Brazil the prevalence of preterm birth was 15% according to the 2004 Pelotas 

birth cohort, roughly three times the prevalence found in the 1982 birth cohort in the 

same city 2.

Infants born between the gestational ages of 34 weeks and 0/7 days through 36 weeks 

and 6/7 days (239th-259th day) are called near term or late preterm 1. Late preterm infants 

account for about 74% of all preterm births and about 8% of all births. They are recognised 

as the fastest increasing and largest proportion of singleton preterm births 3. This increase 

might be due to a perception that electively delivered late preterm babies face few risks 4.

Several recent studies of late preterm infants have documented increased short-term medical 

risks during their birth hospitalizations and increased adverse long-term outcomes (medical, 

social, behaviour, school performance) compared to full-term infants 5. Nevertheless, 

short-term and long-term outcomes of late preterm infants are not as frequently described 

as the outcomes of extremely preterm newborns and infants born late preterm are usually 

not entered in long-term developmental follow-up programmes 6, 7. 

The aim of the current study was to perform a systematic review of the literature for 

medical and developmental short and long-term outcomes of late preterm infants in order 

to describe morbidity associated with late preterm birth.

Methods

Search strategy

We performed an electronic search in PubMed, Medline, Embase and Cochrane trials 

databases (inception from January 2000 to July 2010) for original (cohort) studies that 

reported on short-term and/or long-term outcomes of infants born late preterm. The search 

parameters we used were ‘‘34 weeks” OR “35 weeks” OR “36 weeks” AND “late preterm” 

OR “near term” AND complications’ OR ‘morbidity’ OR ‘outcome’. To be included, a study 

had to report on the short and/or long-term outcomes of late preterm infants (34-36 6/7 

weeks) compared to full term infants (≥ 37 weeks). Reference lists of known articles were 

checked to identify cited articles not captured by electronic searches. Review articles were 

also excluded but their reference lists were screened for relevant studies. Cohort studies 

reporting on less than 50 infants were excluded. There were no language restrictions.
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Data extraction

The following data were extracted from included articles: author, year of publication, 

methodological characteristics of each study, sample size and short and/or long-term 

outcomes. Short- term outcomes included neonatal outcomes such as Apgar-score, need 

for mechanical ventilation or intubation, nasal CPAP, use of nasal oxygen, use of surfactant, 

present of transient tachypnea, respiratory distress syndrome (RDS), persistent pulmonary 

hypertension, apnea, pneumothorax, pneumonia, meningitis, sepsis, hypoglycaemia, 

feeding problems, hypothermia, hyperbilirubinaemia, jaundice requiring phototherapy and 

neonatal death. Long-term outcomes incorporated complications such as neurological 

morbidity, school performance, growth and social outcomes. All articles were scored 

independently by two reviewers; disagreement was resolved by consensus or by a third 

reviewer. 

Statistical analysis

All extracted information was systematically recorded in a database, in which we 

classified methodological characteristics of each study and their outcomes. For each 

outcome, we calculated the absolute risk (AR) of neonatal outcome and relative risk (RRs) 

with corresponding 95% confidence intervals (95% CI). Heterogeneity was explored by 

Cochrane’s Q2 test and I2. I2 can be interpreted as the proportion of total variation observed 

between the trials attributable to differences between trials rather than sampling error 

(chance) 8. I2 >75% is considered as a heterogeneous meta-analysis. We used a random 

effects model for pooling relative risks. Review Manager 5.0 was used to calculate these 

pooled effect estimates (relative risks and 95% confidence intervals).

Results

The results of the search strategy are shown in Figure 1. The electronic search detected 314 

articles of which 48 were selected for full reading after studying the abstract. From these 

48 articles, 8 studies were excluded because there was no full term comparison group 

included 4, 7, 9-15, 6 studies were excluded because they included also infants born before 

34 weeks of gestation in their analysis 6, 16-20 and 20 studies were excluded for other 

reasons (studies reporting on less than 50 infants, review articles, not possible to make 

2x2 tables etcetera). From references in selected articles and identified reviews, another 

eight articles were included. Thus, 22 articles were available for the final review. These 22 

studies included in total 2,368,471 late preterm infants and 27,007,204 term infants 2, 5,

7, 21-39. The results of these 22 studies were used to calculate pooled relative risks (RRs) 

and 95% confidence intervals if possible. For some outcomes high values of I2 (>75%) 

were found when calculating pooled relative risks. Nevertheless, all studies reporting on 

a specific outcome showed the same direction of effect (odds-ratios greater than one). 

Characteristics of the included studies are presented in Table 1. 
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Short-term outcomes

Table 2 shows the short-term outcomes of late preterm infants compared to term 

infants. Late preterm infants were more likely to suffer poorer short-term outcomes. The 

incidence rate was higher for late preterm infants in 26 of the 27 short-term outcomes 

mentioned in table 2 and 23 of these outcomes were significant. Late preterm infants 

had  higher rates for neonatal death (0-28 days) than term infants (RR 5.9, 95% CI 5.2 to 

6.8) with an absolute risk (AR) of 0.38% versus 0.07% (figure 2). They were more likely 

to need mechanical ventilation (RR 4.9, 95% CI 2.8 to 8.6; AR 2.5% vs 1.2 %) or to suffer 

from respiratory distress syndrome (RR 17.3, 95% CI 9.8 to 30.6; AR 5.3% vs 0.39%). 

Furthermore, they suffered more often from necrotising enterocolitis (OR 7.5, 95% CI 3.3 

to 17.3; AR 0.11% vs 0.007%) and also intra-ventricular haemorrhage occurred more often 

in late preterm infants (OR 4.9, 95% 2.1 to 11.7; AR 0.41% vs 0.09%). Table 3 shows 

the short-term outcomes of late preterm infants by week of gestation compared to term 

infants for those studies that included such data. The shorter the term of pregnancy, the 

higher the risk for neonatal morbidity and mortality.

Figure 1: Flow diagram of search outcomes

Number of studies after search

N=314  

Studies retrieved after reading abstract

N=48  

Excluded studies after reading full paper:
8 studies without  full term comparison group
6 stud ies with GA  < 34 weeks  
20 studies: other reasons  

 

Included studies after reading full paper  

N= 14  

Included articles following references 
N= 8  

Included studies after reading full paper

N= 22 
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Table 1: Study characteristics

StudyID Author Year # LPI # FTI Outcomes GA LPI GA FTI Study
design

Data collection Exclusion of infants with
congenital anomalies

1 Wang 37 2004 90 95 Short-term 35 0/7 - 36 6/7 37 0/7 - 40 6/7 Cohort Retrospective Yes

2 Bastek 22 2008 69 134 Short-term 34 0/7 - 36 6/7 ≥37 Cohort Retrospective Yes

3 Mcintire 31 2008 21771 80014 Short-term 34 0/7 - 36 6/7 37 0/7 - 39 6/7 Cohort Retrospective Yes

4 Yoder 38 2008 895 12905 Short-term 34 0 /7- 36 6/7 37 0/7 - 40 6/7 Cohort Retrospective No

5 Guasch 24 2009 2003 32015 Short-term 34 0/7 - 36 6/7 37 0/7 - 42 6/7 Cohort Retrospective No

6 Kalyoncu 27 2009 252 252 Short-term 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective Yes

7 Kitsommart 28 2009 1193 8666 Short-term 34 0/7 - 36 6/7 ≥37 Cohort Retrospective No

8 Lubow 29 2009 149 150 Short-term 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective No

9 Ma 30 2009 2032 6867 Short-term 34 0/7 - 36 6/7 ≥37 Cohort Prospective No

10 Melamed 32 2009 2478 7434 Short-term 34 0/7 - 36 6/7 37 0/7 - 40 0/7 Cohort Retrospective Yes

11 Hibbard 26 2010 19334 165993 Short-term 34 0/7 – 36 6/7 37 0/7 - 40 6/7 Cohort Retrospective No

12 Tomashek 36 2007 2221545 24973117 Short-term + 12 months 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective No

13 Young 39 2007 21106 247433 12 months 34 0/7 - 36 6/7 37 0/7 - 40 6/7 Cohort Retrospective No

14 Santos 2 2008 447 3262 Short-term till 3 months 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Prospective No

15 Chyi 23 2008 970 13671 Fifth grade 34 0/7 - 36 6/7 ≥37 Cohort Retrospective No

16 Moster 7 2008 32187 853309 20-36 years 34 0/7 - 36 6/7 ≥37 Cohort Prospective Yes

17 Pulver 34 2009 25973 316077 Short term + 12 months 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective No

18 Santos 35 2009 371 2914 12 and 24 months 34 0/7 - 36 6/7 37 0/7 - 42 6/7 Cohort Prospective No

19 Baron 21 2009 60 35 Short-term + 3 years 34 0/7 - 36 6/7 ≥37 Cohort Retrospective Yes

20 Morse 5 2009 7152 152661 3-5 years 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective Yes

21 Gurka 25 2010 53 1245 15 years 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Prospective Yes

22 Petrini 33 2009 8341 128955 Short-term + 5,5 years 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective No

GA= Gestational age, LPI= Late Preterm Infant, FTI= Full Term Infant, # = number of infants

Figure 2: Mortality 0-28 days (forest plot)
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Long-term outcomes

Mortality

Eleven studies reported on long-term outcomes of late preterm infants. Infant death in the 

first year after delivery occurred four times more among children born late preterm (RR 

3.7, 95% CI 2.9 to 4.6; AR 0,83% vs 0.27%) 2, 16, 19, 32, 33, 35.  In total, 2,269,071 late 

preterm infants and 25,554,246 term infants were included in this analysis (figure 3). 

Neurological development

Four studies reported adverse neurological development in later life. Late preterm infants 

(n=40,416) were more likely to suffer from cerebral palsy than infants born at term (n=981,154) 

(RR 3.1, 95% CI 2.3 to 4.2, AR 0.43% vs 0.14%) and late preterm infants (n=40,203) were 

more likely to develop mental retardation than infants born at term (n=977,505) (RR 1.5, 

95% CI 1.2 to 1.9; AR 0.81% vs 0.49%) 7, 39. One of these studies (32,126 late preterm 

infants, 852,157 term infants) also reported an increased risk of developing schizophrenia 

(RR 1.4, 95% CI 1.1 to 1.8; AR 0.19% vs 0.14%), but no increased risk of autism (RR 0.72, 

95% CI 0.40 to 1.3; AR 0.03% vs 0.05%) in late preterm infants 7. Furthermore, this study 

Table 1: Study characteristics

StudyID Author Year # LPI # FTI Outcomes GA LPI GA FTI Study 
design

Data collection Exclusion of infants with 
congenital anomalies

1 Wang 37 2004 90 95 Short-term 35 0/7 - 36 6/7 37 0/7 - 40 6/7 Cohort Retrospective Yes

2 Bastek 22 2008 69 134 Short-term 34 0/7 - 36 6/7 ≥37 Cohort Retrospective Yes

3 Mcintire 31 2008 21771 80014 Short-term 34 0/7 - 36 6/7 37 0/7 - 39 6/7 Cohort Retrospective Yes

4 Yoder 38 2008 895 12905 Short-term 34 0 /7- 36 6/7 37 0/7 - 40 6/7 Cohort Retrospective No

5 Guasch 24 2009 2003 32015 Short-term 34 0/7 - 36 6/7 37 0/7 - 42 6/7 Cohort Retrospective No

6 Kalyoncu 27 2009 252 252 Short-term 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective Yes

7 Kitsommart 28 2009 1193 8666 Short-term 34 0/7 - 36 6/7 ≥37 Cohort Retrospective No

8 Lubow 29 2009 149 150 Short-term 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective No

9 Ma 30 2009 2032 6867 Short-term 34 0/7 - 36 6/7 ≥37 Cohort Prospective No

10 Melamed 32 2009 2478 7434 Short-term 34 0/7 - 36 6/7 37 0/7 - 40 0/7 Cohort Retrospective Yes

11 Hibbard 26 2010 19334 165993 Short-term 34 0/7 – 36 6/7 37 0/7 - 40 6/7 Cohort Retrospective No

12 Tomashek 36 2007 2221545 24973117 Short-term + 12 months 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective No

13 Young 39 2007 21106 247433 12 months 34 0/7 - 36 6/7 37 0/7 - 40 6/7 Cohort Retrospective No

14 Santos 2 2008 447 3262 Short-term till 3 months 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Prospective No

15 Chyi 23 2008 970 13671 Fifth grade 34 0/7 - 36 6/7 ≥37 Cohort Retrospective No

16 Moster 7 2008 32187 853309 20-36 years 34 0/7 - 36 6/7 ≥37 Cohort Prospective Yes

17 Pulver 34 2009 25973 316077 Short term + 12 months 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective No

18 Santos 35 2009 371 2914 12 and 24 months 34 0/7 - 36 6/7 37 0/7 - 42 6/7 Cohort Prospective No

19 Baron 21 2009 60 35 Short-term + 3 years 34 0/7 - 36 6/7 ≥37 Cohort Retrospective Yes

20 Morse 5 2009 7152 152661 3-5 years 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective Yes

21 Gurka 25 2010 53 1245 15 years 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Prospective Yes

22 Petrini 33 2009 8341 128955 Short-term + 5,5 years 34 0/7 - 36 6/7 37 0/7 - 41 6/7 Cohort Retrospective No

GA= gestational age, LPI= Late Preterm Infant, FTI= Full Term Infant, # = number of infants
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reported an increased risk for disorders related to psychological development, behaviour and 

emotion 7. However, another study (53 late preterm infants, 1245 term infants) comparing 

cognitive, achievement, socio-emotional and behavioural outcomes between late preterm 

Table 2: Short-term outcomes of infants born late preterm compared to full-term infants

Late Preterm Infants 
n (AR %)

34-37 wks

Full term infants
n (AR %)

> 37 wks

Random effects 
model Pooled RR 

(95% CI)
34-37 wks I2

Mortality

Neonatal (0-28 days) 2, 24, 26-28, 31, 32,

34, 39
356/94557 (0.38%) 622/892383 (0.07%) 5.9 (5.0 to 6.9) 16%

Apgar score at 5 min ≤3 31 27/21772 (0.12%) 75/111251 (0.07%) 1.8 (1.2 to 2.9) NA

Apgar score at 5 min <7 2, 17, 26, 33 751/28122 (2.7%) 2889/298210 (0.97%) 2.7 (1.7 to 4.4) 95%

Respiratory morbidity

Mechanical ventilation or endotracheal 
intubation 5, 24, 27-32, 37

916/37119 (2.5%) 3762/319491 (1.2%) 4.9 (2.8 to 8.6) 97%

Nasal CPAP 24, 26-30, 32 1518/27441 (5.5%) 912/221477 (0.41%) 9.8 (5.1 to 18.8) 98%

Use of nasal oxygen 26, 27 1164/19473 (6.0%) 849/166228 (0.51%) 24.4 (5.1 to 116.1) 96%

Use of surfactant 22, 26 735/19403 (3.8%) 378/166127 (0.23%) 16.6 (14.7 to 18.8) 0%

TTN 24, 26, 29-32, 38 1688/48663 (3.5%) 1526/336715 (0.45%) 7.5 (5.0 to 11.2) 96%

RDS 26, 29-32, 38 1325/24888 (5.3%) 749/193449 (0.39%) 17.3 (9.8 to 30.6) 91%

PPH 26, 32, 38 90/22707 (0.40%) 164/196332 (0.08%) 4.9 (3.8 to 6.3) 0%

Apnea 22, 24, 26, 27, 32, 37 211/24226 (0.87%) 104/205923 (0.05%) 15.7 (11.8 to 20.9) 13%

Pneumothorax 24, 26, 28, 30, 32, 38 226/27935 (0.81%) 402/233980 (0.17%) 3.4 (1.8 to 6.4) 90%

Infectious morbidity

Pneumonia 26, 30, 32, 38 547/24739 (2.2%) 1140/193299 (0.59%) 3.5 (1.4 to 8.9) 98%

Meningitis 32 3/2478 (0.12%) 0/7434 (0%) 21.0 (1.1 to 406.3) NA

Sepsis work up 2, 27, 29, 31, 32, 37 4877/24755 (19.7%) 14075/119316 (11.8%) 4.2 (1.7 to 10.7) 99%

Sepsis (culture proven) 27, 31, 32 87/24501 (0.36%) 160/118937 (0.13%) 5.6 (1.3 to 24.2) 76%

NEC 22, 27, 31, 32 27/24750 (0.11%) 8/119071 (0.007%) 7.5 (3.3 to 17.3) 0%

CNS morbidity

Seizures/convulsions 22, 32, 33 22/10888 (0.20%) 169/136563 (0.12%) 1.6 (0.8 to 3.0) 28%

IVH (grade I-IV) 22, 30-32 108/26350 (0.41%) 114/125786 (0.09%) 4.9 (2.1 to 11.7) 79%

IVH (grade I-II ) 31, 32 42/24249 (0.17%) 24/118685 (0.02%) 8.4 (5.1 to 13.9) 0%

IVH (grade III-IV) 31 2/21771 (0.01%) 4/111251 (0.004%) 2.6 (0.5 to 14.0) NA

Metabolic morbidity

Hypoglycaemia 22, 24, 27, 29, 30, 32, 37 504/7073 (7.1%) 323/47047 (0.69%) 7.4 (3.0 to 18.1) 96%

Feeding problems 22, 27, 29, 37 200/588 (34.0%) 42/631 (6.7%) 6.5 (2.5 to 16.9) 84%

TPN 24, 27 240/2255 (10.6%) 63/32267 (0.20% 18.4 (13.5 to 25.0) 0%

Hypothermia 22, 27, 32, 37 44/2889 (1.5%) 6/7915 (0.08%) 10.8 (4.6 to 25.0) 0%

Hyperbilirubinaemia 22, 29, 30, 37 422/2250 (18.8%) 1931/7251 (26.7%) 2.8 (0.51 to 15.3) 97%

Jaundice requiring phototherapy 24, 31, 32 1245/26252 (4.7%) 2033/150700 (1.3%) 5.0 (1.7 to 14.6) 100%

AR= Absolute risk, CNS= Central Nervous System, IVH= Intraventricular Haemorrhage, HFOV= High Frequency 

Oscillatory Ventilation, TTN= Transient Tachypnea of the newborn, RDS= Respiratory Distress Syndrome, PPH= 

Persistent Pulmonary Hypertension, NEC= Necrotizing Enterocolitis, TPN= Transparental Nutrition.
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infants and term infants showed that late preterm offspring have no real deficits as they 

mature 25. A fourth study (60 late preterm infants, 35 term infants) examined general 

cognition, attention/working memory, language, manual coordination/motor dexterity, 

visiomotor and executive function in preschoolers born late preterm (34-36 weeks) who 

required  NICU admission compared to term-born participants. In this study late preterm 

birth was associated with visiospatial, visuomotor and executive function deficits, but not 

with attention/working memory, receptive or expressive language, nonverbal reasoning or 

manual coordination/dexterity deficits 37.

School performance

Several studies reported school outcomes. One of these studies (7152 late preterm 

infants, 152,661 term infants) compared prekindergarten and kindergarten outcomes 

among healthy late preterm infants and healthy term infants at birth. This study suggested 

that healthy late preterm infants compared with healthy term infants face a greater risk 

for developmental delay and school-related problems through the first 5 years of life 

(developmental delay/disability between 0-3 yr (RR 1.4, 95% CI 1.3 to 1.6); not ready 

to start school at 4 yr (RR 1.2, 95% CI 1.0 to 1.3); exceptional student education at 5 yr 

(RR 1.1, 95% CI 1.1 to 1.2); retention in kindergarten at 5 yr (RR 1.3, 95% CI 1.2 to 1.4) 

suspension in kindergarten 5 yr (RR 1.5, 95% CI 1.2 to 1.8) 5. Another study (970 late 

preterm infants, 13,671 term infants) showed that infants born in the United States at 34 

to 36 weeks gestation without significant neonatal complications have greater rates of 

learning difficulties compared with full-term classmates. Late preterm infants had lower 

reading scores than full-term infants in kindergarten to first grade. Teacher evaluations of 

math skills from kindergarten to first grade and reading skills from kindergarten to fifth 

grade were worse for late preterm infants. Special education participation was higher for 

late preterm infants at early grades 23. Finally, late preterm infants (n=29,631) had a lower 

likelihood of finishing high school than term infants (n=601,364) (RR 0.96, 95% CI 0.95 to 

0.97; AR 72% vs 75%) 7, 19. Late preterm infants (n=25,193) are also less likely to complete 

university than term infants (n=675,340) (OR 0.87, 95% CI 0.84 to 0.89; AR 32% vs 35%) 7.

Figure 3: Mortality 0-365 days (forest plot)
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Growth

One study (371 late preterm infants, 2914 term infants) assessed the effect of late preterm 

birth on growth outcomes when infants were 12 and 24 months. This study showed that 

late preterm children grew faster than children born at term, but they are at increased risk 

of underweight and stunting in the first two years of life. Failure to thrive in the first two 

Table 3: Short-term outcomes of late preterm infants per week of gestation compared to term infants

Late Preterm Infants  n (AR %)

Full term infants n (AR %)

Random effects model Pooled RR (95% CI)

34 wks 35 wks 36 wks 34 wks 35 wks 36 wks

Mortality

Neonatal (0-28 days) 26, 31, 32, 34 66/11593 (0.57%) 67/19623 (0.34%) 89/38340 (0.23%) 382/600755 (0.06%) 10.1 (7.0 to 14.4) 6.3 (4.8 to 8.1) 3.9 (2.7 to 5.7)

Apgar score at 5 min ≤3 31 5/3498 (0.14%) 12/6571 (0.18%) 10/11702 (0.09%) 75/111251 (0.07%) 2.1 (0.86 to 5.2) 2.7 (1.5 to 5.0) 1.3 (0.66 to 2.5)

Apgar score at 5 min <7 NA NA NA NA NA NA NA

Respiratory morbidity

Mechanical ventilation or endotracheal intubation 
29, 31, 32

143/3940 (3.6%) 121/7239 (1.7%) 104/13219 (0.79%) 421/118835 12.4 (3.6 to 42.4) 5.3 (3.4 to 8.2) 2.8 (1.3 to 6.0)

Nasal CPAP 26, 29, 32 366/4142 (8.8%) 327/6145 (5.3%) 246/11674 (2.1%) 452/173577 (0.26%) 25.9 (14.7 to 45.8) 16.4 (8.9 to 30.4) 4.7 (1.9 to 11.4)

Use of nasal oxygen 26 357/3700 (9.6%) 354/5477 (6.5%) 340/10157 (3.3%) 832/165993 (0.50%) 19.3 (17.1 to 21.7) 12.9 (11.4 to 14.6) 6.7 (5.9 to 7.6)

Use of surfactant 26 273/3700 (7.4%) 237/5477 (4.3%) 222/10157 (2.2%) 378/165993 (0.23%) 32.4 (27.8 to 37.7) 19.0 (16.2 to 22.3) 9.6 (8.2 to 11.3)

TTN 26, 29, 31, 32, 38 397/7808 (5.1%) 432/12950 (3.3%) 477/23869 (2.0%) 1040/297733 (0.35%) 15.4 (11.3 to 21.1) 9.6 (7.9 to 11.8) 5.7 (5.1 to 6.4)

RDS 26, 29, 32, 38 456/4310 (10.6%) 383/6379 (6.0%) 323/12167 (2.7%) 672/186482 (0.36%) 48.4 (18.6 to 126) 28.6 (12.2 to 66.8) 10.9 (5.9 to 20.4)

PPH 32, 38 5/561 (0.89%) 3/852 (0.35%) 1/1960 (0.05%) 17/30339 (0.06%) 20.8 (7.7 to 56.1) 10.3 (1.4 to 78.9) 2.6 (0.35 to 18.6)

Apnea 24, 26, 32 93/4405 (2.1%) 49/6591 (0.74%) 52/12819 (0.41%) 104/205442 (0.05%) 39.7 (22.5 to 70.1) 14.9 (8.0 to 27.7) 7.0 (4.9 to 9.9)

Pneumothorax 26, 32, 38 34/4261 (0.80%) 43/6329 (0.68%) 79/12117 (0.65%) 188/186332 (0.10%) 8.0 (5.6 to 11.6) 6.7 (4.8 to 9.4) 6.3 (4.2 to 9.6)

Infectious morbidity

Pneumonia 26, 32, 38 59/4261 (1.4%) 74/6329 (1.2%) 76/12117 (0.63%) 336/186332 (0.18%) 8.0 (5.2 to 12.4) 7.0 (3.8 to 12.8) 3.7 (2.9 to 4.7)

Meningitis 32 0/393 (0%) 1/618 (0.16%) 2/1467 (0.14%) 0/7434 (0%) NA 36.0 (1.5 to 884) 25.3 (1.2 to 527)

Sepsis work up 29, 31, 32 1231/3940 (31.2%) 1592/7239 (22.0%) 1962/13219 (14.8%) 14054/118835 (11.8%) 7.1 (1.5 to 34.4) 4.4 (1.02 to 18.6) 2.1 (0.65 to 7.1)

Sepsis (culture proven) 31, 32 25/3891 (0.64%) 24/7189 (0.33%) 29/13169 (0.22%) 160/118685 (0.13%) 11.7 (1.02 to 134) 2.5 (1.6 to 3.9) 2.2 (0.78 to 6.0)

NEC 31, 32 8/3891 (0.21%) 4/7189 (0.06%) 3/13169 (0.02%) 8/118685 (0.007%) 23.7 (8.9 to 63.6) 7.1 (2.1 to 24.4) 2.5 (0.65 to 9.5)

CNS morbidity

Seizures/convulsions 32 2/393 (0.51%) 2/618 (0.32%) 6/1467 (0.41%) 11/7434 (0.15%) 3.4 (0.76 to 15.4) 2.2 (0.49 to 9.9) 2.8 (1.02 to 7.5)

IVH (grade I-IV) 31, 32 18/3891 (0.46%) 16/7189 (0.22%) 10/13169 (0.08%) 28/118685 (0.02%) 19.5 (10.8 to 35.3) 9.4 (5.1 to 17.4) 3.3 (1.6 to 7.0)

IVH (grade I-II) 31, 32 18/3891 (0.46%) 15/7189 (0.21%) 9/13169 (0.07%) 24/118685 (0.02%) 22.7 (12.3 to 41.8) 10.2 (5.4 to 19.5) 3.3 (1.5 to 7.2)

IVH (grade III-IV) 31 0/3498 (0%) 1/6571 (0.02%) 1/11702 (0.009%) 4/111251 (0.004%) 3.5 (0.19 to 65.6) 4.2 (0.47 to 37.9) 2.4 (0.27 to 21.3)

Metabolic morbidity

Hypoglycaemia 24, 29, 32 87/754 (11.5%) 62/1164 (5.3%) 120/2712 (4.4%) 104/39599 (0.26%) 32.7 (13.5 to 79.2) 15.3 (7.3 to 32.0) 12.3 (9.2 to 16.4)

Feeding problems 29 25/49 (51.0%) 17/50 (34.0%) 11/50 (22%) 8/150 (5.3%) 9.6 (4.6 to 19.8) 6.4 (2.9 to 13.9) 4.1 (1.8 to 9.7)

TPN 24 28/312 (9.0%) 18/496 (3.6%) 17/1195 (1.4%) 52/32015 (0.16%) 55.3 (35.4 to 86.3) 22.3 (13.2 to 37.9) 8.8 (5.1 to 15.1)

Hypothermia 32 10/393 (2.5%) 5/618 (0.81%) 3/1467 (0.20%) 5/7434 (0.07%) 37.8 (13.0 to 110) 12.0 (3.5 to 41.4) 3.0 (0.73 to 12.7)

Hyperbilirubinaemia 29 21/49 (42.9%) 8/50 (16.0%) 8/50 (16.0%) 4/150 (2.7%) 16.1 (5.8 to 44.5) 6.0 (1.9 to 19.1) 6.0 (1.9 to 19.1)

Jaundice requiring phototherapy 24, 31, 32 433/4203 (10.3%) 463/7685 (6.0%) 349/14364 (2.4%) 2033/150700 (1.3%) 10.6 (4.4 to 25.3) 6.7 (2.7 to 16.2) 2.0 (0.33 to 12.2)

AR= Absolute risk, CNS= Central Nervous System, IVH= Intraventricular Haemorrhage, HFOV= High Frequency 
Oscillatory Ventilation, TTN= Transient Tachypnea of the newborn, RDS= Respiratory Distress Syndrome, PPH= 
Persistent Pulmonary Hypertension, NEC= Necrotizing Enterocolitis, TPN= Transparental Nutrition. 
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years may put them at increased risk of future occurrences of serious morbidity in late 

childhood and of chronic disease development in adult life 36. 

Young adult social security outcomes

A Norwegian cohort study (29,711 late preterm infants, 799,134 term infants) showed that 

late preterm infants had a slight higher risk to receive social security benefits (RR 1.15, 95% 

CI 1.12 to 1.17) 7. 

Table 3: Short-term outcomes of late preterm infants per week of gestation compared to term infants

Late Preterm Infants  n (AR %)

Full term infants n (AR %)

Random effects model Pooled RR (95% CI)

34 wks 35 wks 36 wks 34 wks 35 wks 36 wks

Mortality

Neonatal (0-28 days) 26, 31, 32, 34 66/11593 (0.57%) 67/19623 (0.34%) 89/38340 (0.23%) 382/600755 (0.06%) 10.1 (7.0 to 14.4) 6.3 (4.8 to 8.1) 3.9 (2.7 to 5.7)

Apgar score at 5 min ≤3 31 5/3498 (0.14%) 12/6571 (0.18%) 10/11702 (0.09%) 75/111251 (0.07%) 2.1 (0.86 to 5.2) 2.7 (1.5 to 5.0) 1.3 (0.66 to 2.5)

Apgar score at 5 min <7 NA NA NA NA NA NA NA

Respiratory morbidity

Mechanical ventilation or endotracheal intubation
29, 31, 32

143/3940 (3.6%) 121/7239 (1.7%) 104/13219 (0.79%) 421/118835 12.4 (3.6 to 42.4) 5.3 (3.4 to 8.2) 2.8 (1.3 to 6.0)

Nasal CPAP 26, 29, 32 366/4142 (8.8%) 327/6145 (5.3%) 246/11674 (2.1%) 452/173577 (0.26%) 25.9 (14.7 to 45.8) 16.4 (8.9 to 30.4) 4.7 (1.9 to 11.4)

Use of nasal oxygen 26 357/3700 (9.6%) 354/5477 (6.5%) 340/10157 (3.3%) 832/165993 (0.50%) 19.3 (17.1 to 21.7) 12.9 (11.4 to 14.6) 6.7 (5.9 to 7.6)

Use of surfactant 26 273/3700 (7.4%) 237/5477 (4.3%) 222/10157 (2.2%) 378/165993 (0.23%) 32.4 (27.8 to 37.7) 19.0 (16.2 to 22.3) 9.6 (8.2 to 11.3)

TTN 26, 29, 31, 32, 38 397/7808 (5.1%) 432/12950 (3.3%) 477/23869 (2.0%) 1040/297733 (0.35%) 15.4 (11.3 to 21.1) 9.6 (7.9 to 11.8) 5.7 (5.1 to 6.4)

RDS 26, 29, 32, 38 456/4310 (10.6%) 383/6379 (6.0%) 323/12167 (2.7%) 672/186482 (0.36%) 48.4 (18.6 to 126) 28.6 (12.2 to 66.8) 10.9 (5.9 to 20.4)

PPH 32, 38 5/561 (0.89%) 3/852 (0.35%) 1/1960 (0.05%) 17/30339 (0.06%) 20.8 (7.7 to 56.1) 10.3 (1.4 to 78.9) 2.6 (0.35 to 18.6)

Apnea 24, 26, 32 93/4405 (2.1%) 49/6591 (0.74%) 52/12819 (0.41%) 104/205442 (0.05%) 39.7 (22.5 to 70.1) 14.9 (8.0 to 27.7) 7.0 (4.9 to 9.9)

Pneumothorax 26, 32, 38 34/4261 (0.80%) 43/6329 (0.68%) 79/12117 (0.65%) 188/186332 (0.10%) 8.0 (5.6 to 11.6) 6.7 (4.8 to 9.4) 6.3 (4.2 to 9.6)

Infectious morbidity

Pneumonia 26, 32, 38 59/4261 (1.4%) 74/6329 (1.2%) 76/12117 (0.63%) 336/186332 (0.18%) 8.0 (5.2 to 12.4) 7.0 (3.8 to 12.8) 3.7 (2.9 to 4.7)

Meningitis 32 0/393 (0%) 1/618 (0.16%) 2/1467 (0.14%) 0/7434 (0%) NA 36.0 (1.5 to 884) 25.3 (1.2 to 527)

Sepsis work up 29, 31, 32 1231/3940 (31.2%) 1592/7239 (22.0%) 1962/13219 (14.8%) 14054/118835 (11.8%) 7.1 (1.5 to 34.4) 4.4 (1.02 to 18.6) 2.1 (0.65 to 7.1)

Sepsis (culture proven) 31, 32 25/3891 (0.64%) 24/7189 (0.33%) 29/13169 (0.22%) 160/118685 (0.13%) 11.7 (1.02 to 134) 2.5 (1.6 to 3.9) 2.2 (0.78 to 6.0)

NEC 31, 32 8/3891 (0.21%) 4/7189 (0.06%) 3/13169 (0.02%) 8/118685 (0.007%) 23.7 (8.9 to 63.6) 7.1 (2.1 to 24.4) 2.5 (0.65 to 9.5)

CNS morbidity

Seizures/convulsions 32 2/393 (0.51%) 2/618 (0.32%) 6/1467 (0.41%) 11/7434 (0.15%) 3.4 (0.76 to 15.4) 2.2 (0.49 to 9.9) 2.8 (1.02 to 7.5)

IVH (grade I-IV) 31, 32 18/3891 (0.46%) 16/7189 (0.22%) 10/13169 (0.08%) 28/118685 (0.02%) 19.5 (10.8 to 35.3) 9.4 (5.1 to 17.4) 3.3 (1.6 to 7.0)

IVH (grade I-II) 31, 32 18/3891 (0.46%) 15/7189 (0.21%) 9/13169 (0.07%) 24/118685 (0.02%) 22.7 (12.3 to 41.8) 10.2 (5.4 to 19.5) 3.3 (1.5 to 7.2)

IVH (grade III-IV) 31 0/3498 (0%) 1/6571 (0.02%) 1/11702 (0.009%) 4/111251 (0.004%) 3.5 (0.19 to 65.6) 4.2 (0.47 to 37.9) 2.4 (0.27 to 21.3)

Metabolic morbidity

Hypoglycaemia 24, 29, 32 87/754 (11.5%) 62/1164 (5.3%) 120/2712 (4.4%) 104/39599 (0.26%) 32.7 (13.5 to 79.2) 15.3 (7.3 to 32.0) 12.3 (9.2 to 16.4)

Feeding problems 29 25/49 (51.0%) 17/50 (34.0%) 11/50 (22%) 8/150 (5.3%) 9.6 (4.6 to 19.8) 6.4 (2.9 to 13.9) 4.1 (1.8 to 9.7)

TPN 24 28/312 (9.0%) 18/496 (3.6%) 17/1195 (1.4%) 52/32015 (0.16%) 55.3 (35.4 to 86.3) 22.3 (13.2 to 37.9) 8.8 (5.1 to 15.1)

Hypothermia 32 10/393 (2.5%) 5/618 (0.81%) 3/1467 (0.20%) 5/7434 (0.07%) 37.8 (13.0 to 110) 12.0 (3.5 to 41.4) 3.0 (0.73 to 12.7)

Hyperbilirubinaemia 29 21/49 (42.9%) 8/50 (16.0%) 8/50 (16.0%) 4/150 (2.7%) 16.1 (5.8 to 44.5) 6.0 (1.9 to 19.1) 6.0 (1.9 to 19.1)

Jaundice requiring phototherapy 24, 31, 32 433/4203 (10.3%) 463/7685 (6.0%) 349/14364 (2.4%) 2033/150700 (1.3%) 10.6 (4.4 to 25.3) 6.7 (2.7 to 16.2) 2.0 (0.33 to 12.2)

AR= Absolute risk, CNS= Central Nervous System, IVH= Intraventricular Haemorrhage, HFOV= High Frequency
Oscillatory Ventilation, TTN= Transient Tachypnea of the newborn, RDS= Respiratory Distress Syndrome, PPH=
Persistent Pulmonary Hypertension, NEC= Necrotizing Enterocolitis, TPN= Transparental Nutrition.
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Discussion

Late preterm infants are the fastest increasing and largest proportion of singleton preterm 

births 3, 26. Nevertheless, late preterm infants were less frequently studied compared with 

extreme preterm infants until recent years. In this study we estimate the magnitude of 

medical and developmental morbidity due to late preterm birth. We demonstrate that 

late preterm have a higher chance for respiratory complications, infections, intraventricular 

hemorrhage, feeding problems, hypothermia, hypoglycemia and they have a higher risk of 

mortality in the first year of life. Furthermore, late preterm infants are at increased risk for 

long-term morbidity such as cerebral palsy and mental retardation. They have also a higher 

risk for problems during their school career. 

A strength of this review is that both short and long-term outcomes due to late preterm 

birth were assessed and that is attempted to quantify those risks based on a large sample 

in multiple populations. The study has also several limitations. It has been suggested that 

most of the excess neonatal morbidity in the late preterm period is related to pregnancy 

complications (which include preeclampsia, intrauterine growth restrictions, placental 

abruption) leading to premature delivery rather than to prematurity by itself 30, 40, 41. In 

this study, we included all infants born late preterm, both late preterm infants born due to 

pregnancy complications and prematurity by itself. We provided an overview of morbidity 

due to late preterm birth, whatever the cause of late preterm birth. Another limitation is 

that we have not made a selection in late preterm infants based on race, sex, maternal 

BMI, mode of delivery, administration of steroids etc. This also might have resulted in high 

I2 for some outcomes. Unfortunately, the limited amount of eligible studies for this review 

made a subgroup analysis not possible because of  inadequate power.  Thus, our results 

reflect the effect of all late preterm births described in the consulted literature, whatever 

the cause of preterm birth and other patient or obstetric characteristics. Nevertheless, we 

think that the heterogeneity in risk profiles of adverse perinatal outcomes by gestational 

age at delivery provided strong impetus that future research should move away from 

associating the gestational at delivery, per se, to adverse outcomes, but should focus on 

the indication(s) for early delivery and the consequences of these indications on short and 

long-term infant morbidity 40, 41.

Our results suggest several areas for future research. More research is needed about the 

long-term outcomes, such as developmental delay and problems, school performance and 

social outcomes due to late preterm birth. Besides, information is needed about the specific 

fetal and maternal factors associated with late preterm birth. We expect that the findings 

of this study will contribute toward determining the optimal obstetrical management as 

obstetricians and other clinicians weigh the risks and benefits to mother and child.
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Conclusions

Late preterm infants are recognised as the fastest increasing and largest proportion of 

singleton preterm births. Although the absolute incidence of neonatal mortality and 

morbidity on the short and long-term is low in infants born late preterm, its incidence is 

significantly increased as compared to term delivery. This information should be taken into 

account in the management of women who are at risk for preterm delivery near term.
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Abstract

OBJECTIVE Many obstetrical interventions are performed to improve long-term neonatal 

outcome. However, long term neonatal outcome is usually not a primary outcome since it 

is time-consuming and expensive. The aim of this project was to identify different perinatal 

risk-indicators and to develop prediction models for neurological morbidity at 2 and 5 

years of age. 

STUDY DESIGN Data of the Dutch POPS cohort was used. Neonates born in The 

Netherlands in 1983 with a gestational age < 34 weeks and without congenital 

abnormalities were included (n=753). Infants were divided in three groups; no handicap, 

minor handicap and major handicap.

RESULTS Common risk-indicators for major handicaps at 2 and 5 year of age were male 

gender (OR 2.7; OR 3.0), seizures after ≥ 2 days of life (OR 5.8; OR 5.8) and intracranial 

haemorrhage (OR 3.8; OR 2.6).

CONCLUSION In this cohort, male gender, intracranial haemorrhage and seizures seem 

important risk-indicators for long-term neurological morbidity.  
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Introduction

Many obstetrical interventions are performed to improve both short and long-term 

outcome. Evaluation of the long-term effect of a perinatal intervention is necessary 

because serious sequelae from perinatal complications frequently manifest themselves 

only after several years. Nevertheless, long-term follow-up is time-consuming, not in 

the awareness of obstetricians, expensive and falls outside the funding-period of most 

obstetric studies. Consequently, obstetrical interventions are usually not evaluated for their 

long-term outcomes and short-term outcomes are selected as primary end-point of an 

obstetric study. 

A possibility to overcome this problem would be to model long-term consequences 

based on short-term neonatal outcomes. This could be realised by developing prediction 

models, in which the association between short-term and long-term outcomes is 

determined statistically, and adjusted for relevant covariates. Prediction models for 

long-term neurological morbidity could be used to extrapolate short-term outcomes on the 

neurological status of neonates or to indicate for which neonates neurological long-term 

follow-up is required, as their outcomes (either absence or presence of sequelae) cannot 

be predicted from short-term outcomes and clinical background characteristics. The 

development of such models requires a longitudinal approach, in which data surrounding 

pregnancy, delivery and short-term outcomes are available, as well as follow-up data on 

various health related outcomes. The Dutch POPS cohort (project on preterm and small 

for gestational age infants) is one of the few birth cohorts with a systematic assessment 

of these data. Data of all Dutch infants born alive in 1983 with a gestational age below 32 

completed weeks and/or with a birth weight of 1.500 gram were collected prospectively 
1-5. This birth cohort could provide insight in the long-term consequences of perinatal 

outcomes.In the literature many risk-indicators for neurological morbidity are mentioned. 

Birth catastrophes such as placental abruption, cord prolapse and uterine rupture sharply 

increase the risk for neurological morbidity, but these conditions are fortunately uncommon 

and even sometimes not survived; individually and collectively these indicators account 

only for a small portion of neurological morbidity. Although any other indicator, if severe, 

may be sufficient to cause neurological morbidity, more often it is the presence of multiple 

risk-indicators that causes neurological morbidity later in life 6. Developing multivariable 

prediction models for neurological morbidity can increase our understanding of predictors 

for neurological morbidity and it can help us to develop interventions to prevent these 

complications in the future. 

In this study, we aim to identify different perinatal risk-indicators for long-term neurological 

morbidity and use these perinatal risk-indicators to develop prediction models for long-term 

neurological morbidity at 2 and 5 years of age.
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Materials and Methods

Study design

For the development of prediction models for long-term neurological morbidity, we used 

data available from a Dutch cohort study of preterm and/or small for gestational age 

(POPS study). In this cohort all live born infants were included, that were delivered in The 

Netherlands between January and December 1983, either before 32 completed weeks of 

gestation and/or with a birth weight of less than 1500 g. The study ultimately consisted 

of 1338 infants, constituting 94% of the eligible infants born in 1983 in the Netherlands 
1-5. Because of the “mixed metaphor” of combining gestational age and low birth weight 

in this cohort only infants with gestational age < 34 weeks were included in our analysis. 

Infants with congenital abnormalities were excluded. 

Outcomes

End-points used for this prediction model were neurological morbidity at 2 and 5 years 

of age. The follow-up until the age of 2 years was carried out by local paediatricians 

all over the Netherlands. An overall developmental level was done with the Gesell test 

adapted for Dutch children and also neurological, visual and hearing examinations have 

been performed. According to the outcome the infants were divided into three groups: 

no handicap, minor handicap and major handicap. The infant was considered to have no 

handicap when developmental delay was absent (developmental quotient (DQ) above 90) 

and there were no motor, visual or hearing disabilities. A minor handicap was diagnosed 

when some delay was present (3-4 months retarded or DQ between 80 and 90) and/or at 

least one of the following; a mild cerebral paresis such a slight hemiparesis or quadriparesis, 

mild visual or hearing defects or moderate psychosocial problems. Such disabilities were 

unlikely to prevent the child from going to a normal school, or to interfere seriously with 

normal life. A major handicap was diagnosed when severe retardation was present (5 

or more months delay or DQ less than 80) and/or at least one of the following; a severe 

cerebral paresis, severe visual or hearing defects, or serious psychological problems. 

Such disabilities would probably stop the child going to a normal school or cause serious 

interference with normal functioning in society.At 5 years chronological age a follow-up 

program was carried out by three specially trained paediatricians during a visit at home. 

Eight areas of development were assessed; neuromotor function (Touwen 7), mental 

development (Denver Developmental screening test 8), hearing (audiometry/otoscopy), 

visual function, language and speech development (Standardized Dutch Test; Gerritsen 
9), musculoskeletal system (physical examination) and respiratory morbidity (parents’ 

questionnaire). In each area, an infant was categorised as either impaired, disabled, or 

handicapped, according to WHO definitions (WHO 1980) 10. An infant was regarded as 

handicapped at 5 years of age if he or she had a handicap in an area of examination . 

Infants needing special education as a result of one or more impairments or disabilities 
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were considered at least minor handicapped. A handicap was considered minor if it did 

not seriously interfere with everyday life and did not require extensive caretaking and 

major when it did interfere with everyday life and when it led to a life of dependency or 

institutionalisation 5 10.

Candidate predictors

Candidate predictors for neurodevelopmental handicaps were determined based on 

existing literature of perinatal predictors for long-term neurological morbidity, combined 

with consulting experts in the field 6, 11-15. The following candidate predictors were 

included in the analysis: social class, ethnicity, education level of the mother (low, moderate, 

high), maternal smoking, hypertension before pregnancy, pregnancy induced hypertension 

(diastolic pressure > 90 mmHg), pre-eclampsia/ eclampsia, maternal epilepsy, diabetes 

mellitus, gestational diabetes, multiple pregnancy, vertex or other presentation, prolonged 

rupture of membranes, meconium stained fluid, glucocorticosteroids, small for gestational 

age (< 10th percentile), gestational age, gender, neonatal asphyxia, respiratory distress 

syndrome, bronchopulmonary dysplasia, seizures, intracranial haemorrhage, necrotising 

enterocolitis, hyperbilirubinaemia, sepsis (blood culture proven) and duration of mechanical 

ventilation (continuous or intermittent). Neonatal asphyxia was defined as low fifth minute 

Apgar score (<7) and/or umbilical cord acidosis (PH < 7.05). Bronchopulmonary dysplasia 

was defined as clinical signs of respiratory distress, with an abnormal chest X-ray and an 

oxygen requirement after 28 days of age (criteria of Bancalari 16). Intracranial haemorrhage 

was defined as a clinical diagnosis (based on rapid or salutatory deterioration, fall in 

hematocrit) and/or ultra-sound or computer tomography. All seizures (clinical definition: 

including subtle seizures, generalised tonic, multifocal clonic, focal clonic and myoclonic 

seizures) were recorded as either absent or as present” on the first day of life or “on the 

2nd day or later”. 

Statistical Analysis

We developed four multivariable logistic regression models in which we analysed the 

association between the candidate predictors and infants with minor or major handicap 

versus infants without a handicap and infants with a major handicap versus infants with no 

handicap or minor handicap and at 2 and 5 years of age. Multiple imputations were used 

to adjust for missing values. We created five imputed datasets, based on the candidate 

predictors mentioned above and all available outcome specific data at 2 and 5 years 

of age. Imputed values were limited to the lowest and highest values observed for the 

measured outcome variable. Uncertainty about imputed values is reflected in differences 

between different imputed datasets, and incorporated in the estimated standard errors 

and associated p-values for the pooled model. Software used for the imputation was SPSS 

17.0 (SPSS Inc., Chicago, IL, USA). The imputation method in SPSS is largely based on the 

chained equations approach in MICE 17, 18.
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After imputation the prevalence of the candidate predictors was first analysed. Thereafter, 

a univariable and multivariable regression analysis was performed to estimate odds ratios 

(ORs), 95% confidence intervals (95% CI) and corresponding P-values for dichotomous 

and continuous variables. As the use of too stringent p-values for variable selection is 

more deleterious for a model than including too many factors, all variables that showed a 

significance level of < 50% in univariable analyses were entered in the multivariable logistic 

regression model 19. Furthermore, we used a stepwise backward selection procedure, 

using a predefined significance level of > 20% for removing variables from the models 
20. Variables that remained in the last step of the backward selection procedure in at

least 4 of the 5 imputed datasets were included in the final logistic regression analysis. 

Discriminative capacity of the models was evaluated by calculating the area under the 

curve. Calibration of the models was assessed by comparing the calculated probabilities 

with the observed proportion of neurological morbidity. The goodness-of-fit was tested 

formally with the Hosmer and Lemeshow test statistic. Data were analysed using SPSS 17.0 

(SPSS Inc., Chicago, IL, USA). 

Results

Sample and respiratory morbidity incidence

Of the original cohort of 1.338 infants, 1.026 survived the neonatal period (>28 days), 

969 infants were alive at 2 years of age, 966 infants were alive at 5 years of age and 959 

infants were alive at 19 years of age. The risk of dying in the first 28 days of life was equal 

for boys and girls. Because of the “mixed metaphor” of combining gestational age and 

low birth weight in this cohort infants with gestational age greater or equal to 34 weeks 

were excluded (n=136). Since congenital malformations were considered to influence 

neurological function, all infants with congenital abnormalities were also excluded (n= 70), 

leaving 753 infants for the final analysis. At 2 years of age information on neurological 

morbidity was missing for 23 infants (follow-up rate 97%). At 5 years of age information on 

neurological morbidity was missing for 33 infants (follow-up rate 96%).  Since congenital 

malformations were considered to influence neurological function, all infants with 

congenital abnormalities were excluded (n= 82), leaving 877 infants for the final analysis. At 

two years of age, the rate of infants with no handicap, minor handicap or major handicap 

was 83.2% (n=607), 11.5% (n=84) and 5.3% (n=39) respectively before imputation and 

81.5% (n=614), 11.7% (n=88) and 6.8% (n=51) respectively after imputation. At 5 years 

of age, the rate of infants with no handicap, a minor handicap or major handicap was 

86.0% (n=619), 8.3% (n=60) and 5.7% (n=41) respectively before imputation and 84.5% 

(n=636), 9.4% (n=71) and 6.1% (n=46) respectively after imputation.
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Univariable and multivariable models

Neurological morbidity at 2 years of age

Tables 1 and 2 show the results of the univariable and multivariable regression analysis 

for neurological morbidity at 2 years of age. Male gender (adjusted OR 1.6, 95% CI 1.1 to 

2.4) and intracranial haemorrhage diagnosed with ultrasound or computer tomography 

(adjusted OR 2.3, 95% CI 1.2 to 4.3) were significant risk-indicators for minor/major 

handicaps at 2 years of age. Risk-indicators for major handicaps only were male gender 

(adjusted OR 2.7, 95% CI 1.2 to 5.8), seizures after ≥ 2 days of life (adjusted OR 5.8, 

95% CI 1.9 to 17.8), intracranial haemorrhage diagnosed with ultrasound or computer 

tomography (adjusted OR 3.8, 95% CI 1.6 to 9.1) and hyperbilirubinaemie (adjusted OR 

2.6, 95% CI 1.2 to 5.3). Surprisingly, maternal smoking (1-10 cig/day) seemed to decrease 

the risk for major handicaps (adjusted OR 0.32, 95% CI 0.12 to 0.88). 

Neurological morbidity at 5 years of age

Tables 3 and 4 show the results of the univariable and multivariable regression analysis 

for neurological morbidity at 5 years of age. Multiple pregnancy (adjusted OR 1.8, 95% CI 

1.1 to 3.1), low birth weight (adjusted OR 1.8, 95% CI 1.1 to 3.0), male gender (adjusted 

OR 2.2, 95% CI 1.4 to 3.6), BPD (adjusted OR 2.0, 95% CI 1.1 to 3.8) and intracranial 

haemorrhage diagnosed with ultrasound or computer tomography (adjusted OR 2.5, 95% 

CI 1.2 to 5.4) were significant risk-indicators for minor/major handicaps. Higher social class 

decreased the risk for neurological morbidity (adjusted OR 0.40, 95% CI 0.19 to 0.87). 

Risk-indicators for major handicaps only were male gender (adjusted OR 3.0, 95% CI 1.1 to 

8.0), seizures after ≥ 2 days of life (adjusted OR 5.8, 95% CI 1.9 to 17.9) and intracranial 

haemorrhage diagnosed with ultrasound or computer tomography (adjusted OR 2.6, 95%  

CI 1.02 to 6.8). 

Model performance

The four prediction models (comparing infants with minor or major handicap versus infants 

without a handicap and infants with a major handicap versus infants with no handicap or 

minor handicap) discriminated modestly well between diseased and non-diseased with an 

area under the curve (AUC) of 0.67 (95% CI 0.62 to 0.72) and  0.76 (95% CI 0.69 to 0.83) 

at 2 years of age respectively and an AUC of 0.74 (95% CI 0.69 to 0.79) and 0.74 (95% CI 

0.67 to 0.81)  at 5 years of age respectively. Overall, the four prediction models showed 

good calibration (figure 1A, 1B, 2A and 2B). Nevertheless, the calibration for neurological 

morbidity at 2 year of age seems better than the calibration for neurological morbidity at 

5 year of age, but this is understandable, since it’s harder to predict an outcome later in 

life. The Hosmer-Lemeshow goodness-of-fit test was not significant for all four prediction 

models. 
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Table 1: Results of the uni- and multivariable analysis for neurological morbidity at 2 years of age (n=753). 
(infants with minor or major handicap versus infants without a handicap)

Candidate predictors Number 
of children 
(pooled)

Univariable 
analysis 
(pooled)

Multivariable 
analysis (pooled)

n=753 Crude OR 
(95% CI)

P-value Adjusted OR 
(95% CI)

P-value

Environmental factors

Ethnicity

     Both parents Caucasian 637 (85%) 1.2 (0.68 to 2.2) 0.489

     One/both parent(s) 
Mediterranean

41 (5%) 1.1 (0.41 to 3.0) 0.824

     One/both  parent (s) African 31 (4%) 0.54 (0.16 to 1.8) 0.322

     One/both parent(s) Asian 39 (5%) 0.66 (0.24 to 1.8) 0.421

     Other 9 (1%)

Social class

     Low 295 (39%) 1.0

     Moderate 275 (37%) 0.76 (0.46 to 1.2) 0.274

     High 183 (24%) 0.71 (0.40 to 1.3) 0.256

Education mother

     Low 423 (56%) 0.84 (0.48 to 1.5) 0.531

     Moderate 131 (17%) 0.88 (0.54 to 1.4) 0.606

     High 199 (26%)

Maternal smoking during pregnancy

     No 493 (65%) 1.0

     1-10 cig/day 147 (20%) 1.05 (0.64 to 1.7) 0.860

     >= 10 cig/day 112 (15%) 1.4 (0.82 to 2.4) 0.220

Hypertension before pregnancy 34 (5%) 0.74 (0.28 to 2.0) 0.548

Epilepsy 4 (1%) 1.8 (0.15 to 20.7) 0.645

Obstetric

Multiple pregnancy 172 (23%) 1.0 (0.64 to 1.6) 0.995

Corticosteroids 131 (17%) 1.2 (0.72 to 1.9) 0.543

Gestational diabetes

     No 715 (95%) 1.0

     With diet 22 (3%) 0.43 (0.1 to 1.9) 0.258

     With insulin 16 (2%) 0.97 (0.27 to 3.5) 0.964

Hypertension during pregnancy

     No 583 (77%) 1.0

     >=90 mm Hg 110 (15%) 0.73 (0.41 to 1.3) 0.281

     Preeclampsia/ eclampsia 60 (8%) 0.68 (0.32 to 1.5)

Prolonged rupture of membranes

     No 440 (58%) 1.0

     < 1-12 hrs 127 (17%) 1.2 (0.69 to 1.9) 0.611

     12-24 hrs 28 (4%) 1.4 (0.50 to 3.8) 0.544

     1-7 days 106 (14%) 1.05 (0.60 to 1.9) 0.855

     > 7 days 53 (7%) 1.5 (0.74 to 2.9) 0.271
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Table 1: Results of the uni- and multivariable analysis for neurological morbidity at 2 years of age (n=753). 
(infants with minor or major handicap versus infants without a handicap) (Cont).

Candidate predictors Number 
of children 
(pooled)

Univariable 
analysis 
(pooled)

Multivariable 
analysis (pooled)

n=753 Crude OR 
(95% CI)

P-value Adjusted OR (
95% CI)

P-value

Meconium stained  fluid 41 (5%) 1.3 (0.57 to 3.0) 0.524

Presentation 

     Other than vertex 231 (31%) 0.88 (0.58 to 1.3) 0.550

Neonatal 

Gestational age 0.93 (0.83 to 1.03) 0.168

     25-28 wk 108 (14%)

     28-30 wk 219 (29%)

     30-32 wk 320 (43%)

     32-34 wk 106 (14%)

Low Birth weight (<p10) 197 (26%) 0.95 (0.62 to 1.5) 0.829

Male gender 396 (53%) 1.7 (1.2 to 2.5) 0.006 1.6 (1.1 to 2.4) 0.014

Asphyxia 71 (9%) 2.3 (1.2 to 4.3) 0.016 1.8 (0.92 to 3.6) 0.094

BPD 112 (15%) 1.9 (1.1 to 3.2) 0.020

RDS

    No 421 (56%) 1.0

    Clinical 111 (15%) 1.02 (0.58 to 1.8) 0.935

    Radiographic 221 (29%) 1.3 (0.87 to 2.0) 0.192

Pneumothorax 50 (7%) 1.1 (0.53 to 2.4) 0.736

Seizures

    No 724 (96%) 1.0 1.0

    First day 4 (1%) 2.3 (0.19 to 27.5) 0.520 2.6 (0.20 to 34.4) 0.469

    ≥ 2 days 26 (3%) 2.8 (1.2 to 6.4) 0.018 2.1 (0.83 to 5.3) 0.120

Intracranial haemorrhages

    No 653 (87%) 1.0 1.0

    Suspect 41 (5%) 1.5 (0.71 to 3.3) 0.279 0.94 (0.41 to 2.1) 0.874

    Proven 58 (8%) 2.9 (1.6 to 5.3) 0.000 2.3 (1.2 to 4.3) 0.009

NEC 42 (6%) 2.1 (1.02 to 4.4) 0.046 2.1 (0.95 to 4.5) 0.069

Hyperbilirubinaemie (≥ 200 µmol/L) 212 (28%) 1.5 (1.01 to 2.4) 0.047 1.5 (0.97 to 2.4) 0.071

Sepsis (culture proven) 78 (10%) 1.5 (0.83 to 2.6) 0.192 1.5 (0.80 to 2.7) 0.221

CPAP (days) µ=2 1.03 (0.99 to 1.1) 0.114

Artificial ventilation (days) µ=3 1.04 (1.01 to 1.1) 0.004 1.02 (0.99 to 1.05) 0.125

Abbreviations: BPD = Bronchopulmonary dysplasia, RDS = Respiratory Distress Syndrome, NEC= Necrotising 
enterocolitis, CPAP = Continuous Positive Airway Pressure. 
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Table 2: Results of the uni- and multivariable analysis for neurological morbidity at 2 years of age (n=753). 
(infants with a major handicap versus infants with no handicap or minor handicap)

Candidate predictors Number of 
children 
(pooled)

Univariable 
analysis
(pooled)

Multivariable
analysis
(pooled)

n=753 Crude OR 
(95% CI)

P-value Adjusted OR 
(95% CI)

P-value

Environmental factors

Ethnicity

     Both parents Caucasian 637 (85%) 1.2 (0.43 to 3.3) 0.724

     One/both parent(s) 
Mediterranean

41 (5%) 1.4 (0.28 to 6.8) 0.691

     One/both  parent (s) African 31 (4%) 0.62 (0.07 to 5.1) 0.654

     One/both parent(s) Asian 39 (5%) 0.998

     Other 9 (1%)

Social class

     Low 295 (39%) 1.0

     Moderate 275 (37%) 0.73 (0.35 to 1.5) 0.407

     High 183 (24%) 0.68 (0.25 to 1.8) 0.458

Education mother

     Low 423 (56%) 1.0

     Moderate 131 (17%) 1.4 (0.60 to 3.4) 0.436

     High 199 (26%) 1.1 (0.45 to 2.9) 0.784

Maternal smoking during pregnancy

      no 493 (65%) 1.0 1.0

     1-10 cig/day 147 (20%) 0.45 (0.18 to 1.2) 0.100 0.32 (0.12 to 0.88) 0.028

     >= 10 cig/day 112 (15%) 0.62 (0.20 to 2.0) 0.429 0.61 (0.14 to 2.5) 0.501

Hypertension before pregnancy 34 (5%) 1.000

Epilepsy 4 (1%) 1.000

Obstetric

Multiple pregnancy 172 (23%) 1.5 (0.78 to 2.9) 0.218

Corticosteroids 131 (17%) 1.5 (0.69 to 3.1) 0.331

Gestational diabetes

     No 715 (95%) 1.0

     With diet 22 (3%) 0.63 (0.08 to 4.8) 0.656

     With insulin 16 (2%) 1.000

Hypertension during pregnancy

      No 583 (77%) 1.0

     >=90 mm Hg 110 (15%) 0.65 (0.24 to 1.8) 0.391

     Preeclampsia/ eclampsia 60 (8%) 0.56 (0.14 to 2.3) 0.417

Prolonged rupture of membranes

      No 440 (58%) 1.0

     < 1-12 hrs 127 (17%) 1.7 (0.78 to 3.5) 0.191

     12-24 hrs 28 (4%) 0.999

     1-7 days 106 (14%) 1.2 (0.46 to 3.1) 0.716

     > 7 days 53 (7%) 0.76 (0.19 to 3.1) 0.708
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Table 2: Results of the uni- and multivariable analysis for neurological morbidity at 2 years of age (n=753). 
(infants with a major handicap versus infants with no handicap or minor handicap) (Cont).

Candidate predictors Number of 
children 
(pooled)

Univariable 
analysis
(pooled)

Multivariable
analysis
(pooled)

n=753 Crude OR 
(95% CI)

P-value Adjusted OR 
(95% CI)

P-value

Meconium stained  fluid 41 (5%) 0.73 (0.12 to 4.3) 0.728

Presentation 

     Other than vertex 231 (31%) 0.57 (0.27 to 1.2) 0.140

Neonatal 

Gestational age 0.83 (0.70 to 0.98) 0.030

     25-28 wk 108 (14%)

     28-30 wk 219 (29%)

     30-32 wk 320 (43%)

     32-34 wk 106 (14%)

Low Birth weight (<p10) 197 (26%) 1.1 (0.54 to 2.2) 0.796

Male gender 396 (53%) 2.6 (1.3 to 5.3) 0.009 2.7 (1.2 to 5.8) 0.016

Asphyxia 71 (9%) 1.03 (0.37 to 2.9) 0.958

BPD 112 (15%) 3.0 (1.03 to 9.0) 0.074 2.1 (0.65 to 6.8) 0.246

RDS

    No 421 (56%) 1.0

    Clinical 111 (15%) 1.3 (0.57 to 2.9) 0.552

    Radiographic 221 (29%) 0.85 (0.41 to 1.7) 0.648

Pneumothorax 50 (7%) 0.80 (0.20 to 3.2) 0.754

Seizures

    No 724 (96%) 1.0 1.0

    First day 4 (1%) 6.4 (0.58 to 70.7) 0.130 10.7 (0.67 to 172.0) 0.096

    ≥ 2 days 26 (3%) 7.3 (2.9 to 18.5) 0.000 5.8 (1.9 to 17.8) 0.003

Intracranial haemorrhages

    No 653 (87%) 1.0 1.0

    Suspect 41 (5%) 1.6 (0.47 to 5.2) 0.465 0.68 (0.16 to 2.9) 0.602

    Proven 58 (8%) 4.8 (2.1 to 10.8) 0.000 3.8 (1.6 to 9.1) 0.003

NEC 42 (6%) 0.91 (0.15 to 5.4) 0.916

Hyperbilirubinaemie (≥ 200 µmol/L) 212 (28%) 2.2 (1.2 to 4.0) 0.017 2.6 (1.2 to 5.3) 0.014

Sepsis (culture proven) 78 (10%) 1.8 (0.81 to 4.0) 0.153 2.0 (0.83 to 5.0) 0.123

CPAP (days) µ=2 1.05 (1.00 to 1.1) 0.069

Artificial ventilation (days) µ=3 1.04 (1.01 to 1.08) 0.014

Abbreviations: BPD = Bronchopulmonary dysplasia, RDS = Respiratory Distress Syndrome, NEC= Necrotising 
enterocolitis, CPAP = Continuous Positive Airway Pressure. 
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Table 3: Results of the uni- and multivariable analysis for neurological morbidity at 5 years of age (n=753). 
(infants with minor or major handicap versus infants without a handicap)

Candidate predictors Number of 
children 
(pooled)

Univariable 
analysis
(pooled)

Multivariable
analysis
(pooled)

n=753 Crude OR 
(95% CI)

P-value Adjusted OR 
(95% CI)

P-value

Environmental factors

Ethnicity

     Both parents Caucasian 637 (85%) 1.6 (0.82 to 3.0) 0.172

     One/both parent(s) 
Mediterranean

41 (5%) 0.87 (0.30 to 2.5) 0.793

     One/both  parent (s) African 31 (4%) 1.00 (0.34 to 3.0) 0.996

     One/both parent(s) Asian 39 (5%) 0.22 (0.02 to 1.9) 0.176 0.19 (0.02 to 1.8) 0.152

     Other 9 (1%)

Social class

     Low 295 (39%) 1.0 1.0

     Moderate 275 (37%) 0.68 (0.43 to 1.1) 0.093 0.61 (0.35 to 1.1) 0.091

     High 183 (24%) 0.47 (0.26 to 0.84) 0.012 0.40 (0.19 to 0.87) 0.022

Education mother

     Low 423 (56%) 1.0 1.0

     Moderate 131 (17%) 1.3 (0.77 to 2.3) 0.308 1.9 (0.94 to 3.7) 0.077

     High 199 (26%) 0.65 (0.33 to 1.3) 0.219 1.1 (0.49 to 2.5) 0.804

Maternal smoking during 
pregnancy

      No 493 (65%) 1.0

     1-10 cig/day 147 (20%) 0.89 (0.50 to 1.6) 0.685

     >= 10 cig/day 112 (15%) 1.1 (0.58 to 2.0) 0.814

Hypertension before pregnancy 34 (5%) 0.70 (0.24 to 2.1) 0.519

Epilepsy 4 (1%) 1.000

Obstetric

Multiple pregnancy 172 (23%) 1.8 (1.2 to 2.9) 0.009 1.8 (1.1 to 3.1) 0.022

Corticosteroids 131 (17%) 1.3 (0.81 to 2.2) 0.251

Gestational diabetes

     No 715 (95%) 1.0 1.0

     With diet 22 (3%) 2.0 (0.77 to 5.3) 0.151 2.9 (0.98 to 8.4) 0.055

     With insulin 16 (2%) 0.36 (0.05 to 2.7) 0.320 0.43 (0.05 to 3.4) 0.422

Hypertension during pregnancy

     No 583 (77%) 1.0

     >=90 mm Hg 110 (15%) 0.71 (0.4 to 1.3) 0.281

     Preeclampsia/ eclampsia 60 (8%) 0.55 (0.23 to 1.3) 0.180

Prolonged rupture of membranes

     No 440 (58%) 1.0

     < 1-12 hrs 127 (17%) 1.2 (0.65 to 2.1) 0.607

     12-24 hrs 28 (4%) 1.2 (0.40 to 3.6) 0.749

     1-7 days 106 (14%) 0.91 (0.45 to 1.8) 0.785

     > 7 days 53 (7%) 1.4 (0.67 to 3.0) 0.371
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Table 3: Results of the uni- and multivariable analysis for neurological morbidity at 5 years of age (n=753). 
(infants with minor or major handicap versus infants without a handicap) (Cont).

Candidate predictors Number of 
children 
(pooled)

Univariable 
analysis
(pooled)

Multivariable
analysis
(pooled)

n=753 Crude OR 
(95% CI)

P-value Adjusted OR 
(95% CI)

P-value

Meconium stained  fluid 41 (5%) 1.2 (0.51 to 2.9) 0.655

Presentation 

     Other than vertex 231 (31%) 1.1 (0.74 to 1.7) 0.577

Neonatal 

Gestational age 0.45 (0.40 to 0.51) 0.183

     25-28 wk 108 (14%)

     28-30 wk 219 (29%)

     30-32 wk 320 (43%)

     32-34 wk 106 (14%)

Low Birth weight (<p10) 197 (26%) 1.4 (0.92 to 2.2) 0.115 1.8 (1.1 to 3.0) 0.015

Male gender 396 (53%) 2.7 (1.7 to 4.2) 0.000 2.2 (1.4 to 3.6) 0.001

Asphyxia 71 (9%) 1.9 (0.98 to 3.6) 0.062 1.8 (0.86 to 3.6) 0.124

BPD 112 (15%) 2.7 (1.5 to 4.7) 0.002 2.0 (1.1 to 3.8) 0.034

RDS

    No 421 (56%) 1.0

    Clinical 111 (15%) 1.4 (0.76 to 2.5) 0.295

    Radiographic 221 (29%) 1.6 (0.98 to 2.5) 0.062

Pneumothorax 50 (7%) 1.1 (0.51 to 2.5) 0.756

Seizures

    No 724 (96%) 1.0 1.0

    First day 4 (1%) 2.3 (0.21 to 24.3) 0.498 3.1 (0.27 to 35.9) 0.363

    ≥ 2 days 26 (3%) 3.5 (1.4 to 8.8) 0.008 3.0 (1.1 to 8.6) 0.036

Intracranial haemorrages

    No 653 (87%) 1.0 1.0

    Suspect 41 (5%) 1.2 (0.48 to 3.0) 0.706 0.96 (0.34 to 2.7) 0.938

    Proven 58 (8%) 2.9 (1.5 to 5.6) 0.003 2.5 (1.2 to 5.4) 0.015

NEC 42 (6%) 0.87 (0.32 to 2.4) 0.776

Hyperbilirubinaemie (≥ 200 µmol/L) 212 (28%) 1.3 (0.76 to 2.0) 0.384 1.3 (0.78 to 2.3) 0.292

Sepsis (culture proven) 78 (10%) 1.4 (0.75 to 2.7) 0.281

CPAP (days) µ=2 1.03 (0.99 to 1.1) 0.180

Artificial ventilation (days) µ=3 1.04 (1.01 to 1.07) 0.012

Abbreviations: BPD = Bronchopulmonary dysplasia, RDS = Respiratory Distress Syndrome, NEC= Necrotising 
enterocolitis, CPAP = Continuous Positive Airway Pressure. 
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Table 4: Results of the uni- and multivariable analysis for neurological morbidity at 5 years of age (n=753). 
(infants with a major handicap versus infants with no handicap or minor handicap)

Candidate predictors Number of 
children 
(pooled)

Univariable 
analysis
(pooled)

Multivariable
analysis
(pooled)

n=753 Crude OR
 (95% CI)

P-value Adjusted OR 
(95% CI)

P-value

Environmental factors

Ethnicity

     Both parents Caucasian 637 (85%) 3.5 (0.60 to 20.7) 0.172

     One/both parent(s) 
Mediterranean

41 (5%) 0.54 (0.08 to 3.9) 0.548

     One/both  parent (s) African 31 (4%) 0.999

     One/both parent(s) Asian 39 (5%) 0.998

     Other 9 (1%)

Social class

     Low 295 (39%) 1.0

     Moderate 275 (37%) 1.4 (0.64 to 3.0) 0.410

     High 183 (24%) 0.78 (0.27 to 2.2) 0.641

Education mother

     Low 423 (56%) 1.0

     Moderate 131 (17%) 1.5 (0.71 to 3.2) 0.280

     High 199 (26%) 0.73 (0.19 to 2.9) 0.665

Maternal smoking during 
pregnancy

      no 493 (65%) 1.0

     1-10 cig/day 147 (20%) 0.71 (0.28 to 1.8) 0.465

     >= 10 cig/day 112 (15%) 0.54 (0.15 to 1.9) 0.346

Hypertension before pregnancy 34 (5%) 1.000

Epilepsy 4 (1%) 1.000

Obstetric

Multiple pregnancy 172 (23%) 1.9 (0.96 to 3.7) 0.069 1.8 (0.86 to 3.7) 0.119

Corticosteroids 131 (17%) 1.01 (0.44 to 2.3) 0.983

Gestational diabetes

     No 715 (95%) 1.0

     With diet 22 (3%) 1.000

     With insulin 16 (2%) 1.000

Hypertension during pregnancy

      No 583 (77%) 1.0

     >=90 mm Hg 110 (15%) 0.52 (0.15 to 1.8) 0.299

     Preeclampsia/ eclampsia 60 (8%) 1.02 (0.34 to 3.0) 0.973

Prolonged rupture of membranes

      No 440 (58%) 1.0

     < 1-12 hrs 127 (17%) 0.70 (0.26 to 1.9) 0.489

     12-24 hrs 28 (4%) 0.89 (0.12 to 6.4) 0.906

     1-7 days 106 (14%) 0.89 (0.37 to 2.2) 0.801

     > 7 days 53 (7%) 0.54 (0.12 to 2.4) 0.413
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Table 4: Results of the uni- and multivariable analysis for neurological morbidity at 5 years of age (n=753). 
(infants with a major handicap versus infants with no handicap or minor handicap) (Cont).

Candidate predictors Number of 
children 
(pooled)

Univariable 
analysis
(pooled)

Multivariable
analysis
(pooled)

n=753 Crude OR
 (95% CI)

P-value Adjusted OR 
(95% CI)

P-value

Meconium stained  fluid 41 (5%) 1.5 (0.48 to 4.9) 0.475 2.4 (0.70 to 8.0) 0.167

Presentation 

     Other than vertex 231 (31%) 0.73 (0.36 to 1.5) 0.390

Neonatal 

Gestational age 0.98 (0.83 to 1.2) 0.805

     25-28 wk 108 (14%)

     28-30 wk 219 (29%)

     30-32 wk 320 (43%)

     32-34 wk 106 (14%)

Low Birth weight (<p10) 197 (26%) 1.1 (0.55 to 2.2) 0.797

Male gender 396 (53%) 2.9 (1.2 to 7.4) 0.033 3.0 (1.1 to 8.0) 0.040

Asphyxia 71 (9%) 1.5 (0.48 to 4.7) 0.488

BPD 112 (15%) 2.2 (0.82 to 5.6) 0.138

RDS

    No 421 (56%) 1.0

    Clinical 111 (15%) 2.3 (1.02 to 5.2) 0.046

    Radiographic 221 (29%) 1.3 (0.58 to 2.7) 0.566

Pneumothorax 50 (7%) 1.5 (0.49 to 4.3) 0.505

Seizures

    No 724 (96%) 1.0 1.0

    First day 4 (1%) 7.2 (0.68 to 75.9) 0.101 9.3 (0.84 to 103.6) 0.069

    ≥ 2 days 26 (3%) 7.4 (2.8 to 19.3) 0.000 5.8 (1.9 to 17.9) 0.003

Intracranial haemorrhages

    No 653 (87%) 1.0 1.0

    Suspect 41 (5%) 2.3 (0.72 to 7.0) 0.165 1.1 (0.29 to 4.0) 0.917

    Proven 58 (8%) 3.4 (1.5 to 7.7) 0.004 2.6 (1.02 to 6.8) 0.045

NEC 42 (6%) 0.998

Hyperbilirubinaemie (≥ 200 µmol/L) 212 (28%) 1.8 (0.96 to 3.5) 0.066 1.8 (0.87 to 3.6) 0.115

Sepsis (culture proven) 78 (10%) 1.3 (0.50 to 3.5) 0.573

CPAP (days) µ=2 1.03 (0.97 to 1.09) 0.312

Artificial ventilation (days) µ=3 1.02 (0.99 to 1.05) 0.224

Abbreviations: BPD = Bronchopulmonary dysplasia, RDS = Respiratory Distress Syndrome, NEC= Necrotising 
enterocolitis, CPAP = Continuous Positive Airway Pressure.
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Fig 1A: Calibration plot 2 year; infants with minor/
major handicaps vs without handicaps

Fig 1B: Calibration plot 2 year; infants with major 
handicaps vs infants with minor or no handicaps

Fig 2A: Calibration plot 5 year; infants with minor/
major handicaps vs without handicaps

Fig 2B: Calibration plot 5 year; infants with major 
handicaps vs minor or no handicaps
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Comments

We developed four prediction models for neurological morbidity at 2 and 5 year of age for 

infants delivered in The Netherlands (1983) before 34 weeks of gestation. We developed 

models to predict which infants would develop any handicap as compared to completely 

healthy, and we developed models to predict which infants would develop a major 

handicap as compared to infants that developed no handicap or at maximum a minor 

handicap. The four prediction models discriminated modestly well between infants with 

and without handicaps, and the models showed good calibration. The relative importance 

of discrimination and calibration depends on the clinical applications of a model. As 

our models are intended to evaluate the neurological long-term effects of perinatal 

interventions, the accuracy of the numeric probability (calibration) is relevant, less so than 

to adequately identify those with and those without long term neurological morbidity 21. 

One major strength of this study is the relatively large national cohort with high follow-up 

rates that allows for a population based prospective evaluation of the association between 

perinatal and demographic risk indicators on long-term neurological morbidity. Handicaps 

were defined in a comprehensive way, taking general health, cerebral paresis, hearing, 

vision, language and mental development into account. A relative limitation is that the 

infants in our cohort were born in 1983. Important progress in obstetrics and neonatal 

care has improved the survival of increasingly premature infants, but the prevalence of 

moderate to severe disabilities, such as cerebral palsy remains high. Like mortality rates, 

rates of disability generally increase with decreasing gestational age and birth weight 22. 

In a Canadian population-based study, initiated in 2005, the prevalence of cerebral palsy 

at two year of age was 9.8% among 172 infants born between 22 and 28 weeks of 

gestation. The prevalence of cerebral palsy in the same regional area in 1991-1992 among 

225 infants was 11% 23. Rates of severe developmental delay and severe disability were 

lower in 2005 (3.7% / 3.7%) than in the very preterm survivors born in 1991-1992 and 

1997 (7.3% / 7.8% and 14.8% / 15.4% respectively). In the POPS cohort the prevalence of 

children with major handicaps was 10.2% among infants born between 25 and 28 weeks 

of gestation. The prevalence of handicaps at 2 and 5 year of age is probably underestimated 

in the POPS cohort, because the Gesell test and Denver development test were assessed 

for screening of cognitive and behavioural problems at 2 and 5 years of age respectively. 

While these tests are good in detecting severe developmental problems, these tests have 

been criticized to be unreliable in predicting less severe or specific problems. Another 

limitation is that cranial ultrasounds were only performed in six of the eight neonatal 

intensive care units in The Netherlands in 1983; probably causing an underestimating of 

the prevalence of intracranial haemorrhage. This is further strengthened by the fact that 

periventricular leukomalacia was not yet diagnosed at that time. Nevertheless, intracranial 

haemorrhage is a strong risk-indicator for long-term neurological morbidity in the POPS 

cohort. The same finding is found in other studies, such as the EPIPAGE cohort 24. 
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Overall, male gender, intracranial haemorrhage and seizures seemed important 

risk-indicators for the development of a handicap at 2 and 5 years of age in surviving 

infants. In our models asphyxia was not a significant risk-indicator for the occurrence of 

minor or major handicaps. The theory that asphyxia is the main underlying cause of cerebral 

palsy has previously also been challenged by Nelson, who showed that perinatal asphyxia 

accounts for only a small proportion of the cases of cerebral palsy, whereas neurological 

morbidity is often follows the presence of multiple risk-indicators later in life 6. In the 

model for neurological morbidity at 2 years of age (comparing infants with no or minor 

handicaps with infants with major handicaps) maternal smoking was associated with a 

decreased risk for neurological morbidity. We do not have an explanation for this result. 

Neurological morbidity is not only an enormous burden for the individual infant and their 

parents, but also for society. As a consequence, multiple multicentre studies are nowadays 

performed to search for interventions that can prevent the incidence and severity of 

neurological morbidity.  

With the help of these prediction models of long-term neurological morbidity, future 

obstetric studies can predict long-term outcomes when follow-up is not feasible. Modelling 

has several advantages. It can be inexpensive, free of ethical concerns over renewed 

approach of patients and fast: a computer model can simulate in minutes while follow-up 

lasts years. Modelling has some less obvious benefits too, as the process of constructing 

the model promotes systematic thought and generates insights about the nature of its 

components and how they interact, which may help to identify areas in which empirical 

research is most needed, help generate new epidemiological or clinical hypotheses, and 

help produce novel ideas for useful interventions. Of course, modelling has also limitations. 

Failings in model theory or logic, inaccuracies in model parameters, or omission of key 

factors can all invalidate results 25. Before our prediction models can be used in future 

obstetric studies to extrapolate the short-term neonatal outcomes to a longer study 

horizon they should be validated in more recent cohorts to investigate if the same 

risk-indicators for neurological morbidity are found.  Subsequently, these risk-indicators 

could be recommended as primary end-points in future obstetric studies. 

Conclusion

In this cohort, male gender, intracranial haemorrhages and seizures seem important 

risk-indicators for neurological morbidity at 2 and 5 years of age. This study shows that 

developing prediction models for long-term neurological morbidity is possible, but our 

findings should be confirmed in more recent cohorts.
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Abstract

OBJECTIVE To develop prediction models for long-term respiratory morbidity. To explore 

if respiratory distress syndrome (RDS) is a risk-indicator for long-term respiratory morbidity 

and to identify other perinatal risk-indicators for long-term respiratory morbidity.

STUDY DESIGN In the Dutch POPS cohort 1,338 live born infants delivered in The 

Netherlands in 1983, either before 32 completed weeks gestation and/or with a birth 

weight below 1500 g were followed prospectively. We used multivariable logistic 

regression analyses to construct three prediction models for respiratory morbidity at 2, 5 

and 19 years of age. 

RESULTS At 2 years of age, maternal smoking (adjusted OR 1.5, 95% CI 1.0 to 2.4), 

prolonged rupture of membranes (adjusted OR 2.3, 95% CI 1.3 to 4.1), pre-eclampsia 

(adjusted OR 1.9, 95% CI 1.1 to 4.1), male gender (adjusted OR 1.5, 95% CI 1.1 to 2.0) 

and BPD (adjusted OR 1.9, 95% CI 1.1 to 3.2) were significantly associated with respiratory 

morbidity. Prolonged rupture of membranes (adjusted OR 3.7, 95% CI 1.6 to 8.5), family 

history of asthma (adjusted OR 5.9, 95% CI 2.7 to 13.0) and BPD (adjusted OR 1.8, 95% CI 

1.1 to 3.0) were significantly associated with respiratory morbidity at 5 years of age. At 19 

years of age only higher social class was associated with decreased respiratory morbidity 

(adjusted OR 0.64, 95% CI 0.41 to 0.99). The areas under the curves (AUC) were 0.65, 

0.71 and 0.61 respectively. The prediction models for respiratory morbidity at 2 and 5 

years of age showed a good calibration, while the calibration plot for respiratory morbidity 

at 19 year was less optimal.

CONCLUSIONS RDS is not a risk-indicator for long-term respiratory morbidity at 2, 5 and 

19 years in this cohort (OR 1.2, 95% CI 0.88 to 1.7; 1.3, 95% CI 0,88 to 2.0; OR 0.91, 

95% CI 0.56 to 1.5 respectively).  Future obstetric studies interested in the effect of a 

specific perinatal intervention on long-term respiratory morbidity, should consider taking 

bronchopulmonary dysplasia (BPD) as primary outcome instead of RDS. 
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Introduction

Many obstetrical interventions are performed to improve both short and long-term outcome. 

Evaluation of the long-term effect of a perinatal intervention is necessary because serious 

sequelae from perinatal complications frequently manifest themselves only after several 

years. However, long-term follow-up is time-consuming, beyond obstetricians’ awareness, 

expensive and falls outside the funding-period of most obstetric studies. Consequently, 

obstetrical interventions are usually not evaluated for their long-term outcomes. 

A possibility to overcome this problem would be to develop prediction models for long-term 

outcomes, based on short-term outcomes and relevant covariates. The development of 

such models requires a longitudinal approach, in which data surrounding pregnancy, 

delivery and short-term outcomes are available, as well as follow-up data on various health 

related outcomes.

The Dutch POPS cohort (project on preterm and small for gestational age infants) is one 

of the few birth cohorts with a systematic assessment of these data. Data of infants born 

alive with a gestational age below 32 completed weeks and/or with a birth weight of 

1.500 gram were collected prospectively 1-3.

Literature on long-term outcome of respiratory health is limited, but high rates of 

respiratory morbidity have been reported in survivors born prematurely 4. One important 

short-term neonatal complication is the occurrence of respiratory distress syndrome (RDS) 

which becomes manifest mainly in preterm infants. Fortunately, most infants recover from 

RDS. However, in infants with a birth weight between 500 and 1500 gram, 3 to 43% 

develop chronic lung disease, also called bronchopulmonary dysplasia (BPD) which is a 

known risk factor for long-term respiratory morbidity 5, 6.

The aim of this study is to explore if RDS is a risk-indicator for long-term respiratory 

morbidity and to identify other perinatal risk-indicators for long-term respiratory morbidity. 

Thereafter, we will use these risk-indicators to develop prediction models for long-term 

respiratory morbidity at 2, 5 and 19 year of age. 

Materials and Methods

Study design

For the development of prediction models for long-term respiratory morbidity, we used 

data available from a Dutch cohort study of preterm and/or small for gestational age 

(POPS study). All live born infants, delivered in The Netherlands between January and 

December 1983, either before 32 completed weeks of gestation and/or with a birth 

weight of less than 1500 g, were included in this cohort. The study ultimately consisted 
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of 1338 infants, constituting 94% of the eligible infants born in 1983 in the Netherlands. 

Respiratory follow-up assessments were done at 2, 5 and 19 years of age 1-3.  

The follow-up until the age of 2 years was carried out by local paediatricians all over The 

Netherlands. A standardised questionnaire was used to record information on respiratory 

problems at 24 months of corrected age. At 5 years chronological age a follow-up program 

was carried out by three specially trained paediatricians during a visit at home. At 19 years 

the European Community Respiratory Health Survey (ECRHS) questionnaire was mailed to 

the participants 7.

Outcomes

End-points used for this prediction model were respiratory morbidity at 2, 5 and 19 years of 

age. Respiratory morbidity at 2 years of age was defined as the occurrence of one or more 

of the following respiratory tract problems: recurrent upper respiratory tract infections, 

recurrent lower respiratory tract infections or other chronic lung diseases. Recurrent was 

defined as two or more upper or lower respiratory infections each year diagnosed by a 

physician. Other chronic lung diseases included asthma and chronic bronchitis. 

For the respiratory morbidity at 5 years of age a composite score was derived from multiple 

variables related to respiratory complaints. By using categorical principal components 

analysis, the dimensionality of a dataset consisting of al large number of interrelated 

variables is reduced, while retaining as much as possible of the variation present in the 

database. In our analysis, the original set of 10 variables was reduced to two principal 

components. One principal component was associated with more chronic symptoms 

(throat infections, wheezing, bronchitis, asthma, shortness of breath, tightness of chest, 

subglottic laryngitis and pneumonia) the other more incidental symptoms (colds and 

coughing).heis principal component reflecting chronic morbidity was used as outcome for 

respiratory morbidity at 5 years of age. This principal component explains 41% of the 

original variability. All children were categorised in two groups; infants with no or only mild 

respiratory complaints and infants with more serious respiratory complaints. Infants with a 

principal component score above the 85th percentile were categorised as children with the 

most serious respiratory complaints and were used as end-point for our prediction model.

A similar analysis was done for respiratory morbidity at 19 years of age. In our analysis, 

the original set of 7 variables was reduced to two principal components. One principal 

component was associated with hay fever, eczema, asthma and complaints of wheezing 

any time in the last twelve months. The second principal component at 19 years of age 

was associated with shortness of breath when hurrying on level ground, when walking 

with other people on level ground and/or when walking at your own pace on level ground. 

Again the first principal component was used as outcome for respiratory morbidity at 

19 years of age. This principal component explains 31% of the original variability. Infants 
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with a principal component score above the 85th percentile were used as end-point in our 

prediction model.

Prognostic predictors

Candidate predictors for respiratory morbidity were determined based on existing literature 

of perinatal predictors for long-term respiratory morbidity, combined with consulting experts 

in the field. The following candidate predictors were included in the analysis: social class 

determined at 5 years of age, ethnicity, hypertension before pregnancy, pregnancy induced 

hypertension (diastolic pressure > 90 mmHg), pre-eclampsia/ eclampsia, diabetes mellitus, 

gestational diabetes, multiple pregnancy, vertex or other presentation, prolonged rupture 

of membranes, meconium stained fluid, glucocorticosteroids, caesarean section, small 

for gestational age (< 10th percentile) 8, gestational age, gender, neonatal asphyxia, lung 

problems in the neonatal period (respiratory distress syndrome, bronchopulmonary dysplasia, 

pneumonia, pneumothorax, lung emphysema), duration of mechanical ventilation (continuous 

or intermittent), maternal smoking habits and a positive family history of asthma. Neonatal 

asphyxia was defined as low fifth minute Apgar score (<7) and/or umbilical cord acidosis (PH 

< 7.05). Respiratory distress syndrome was defined as the need for extra O2 > 24h, expiratory 

grunting, tachypnoea, sternal an intercostal retractions and nasal flaring (clinical diagnosis) 

and/or typical X-ray abnormalities (radiographic diagnosis). Bronchopulmonary dysplasia was 

defined as clinical signs of respiratory distress, with an abnormal chest X-ray and an oxygen 

requirement after 28 days of age (criteria of Bancalari) 9.

Statistical Analysis

We developed three multivariable logistic regression models in which we analysed the 

association between the candidate predictors and respiratory morbidity at 2, 5 and 19 

years of age, respectively. Multiple imputations were used to adjust for missing values. We 

created five imputed datasets, based on the candidate predictors mentioned above and 

all available outcome specific data at 2, 5 and 19 years of age. Uncertainty about imputed 

values is reflected in differences between different imputed datasets, and incorporated 

in the estimated standard errors and associated p-values for the pooled model. Software 

used for the imputation was SPSS 17.0 (SPSS Inc., Chicago, IL, USA). The imputation 

method in SPSS is largely based on the chained equations approach in MICE 10, 11.

The prevalence of the candidate predictors was first analysed. Subsequently, a univariable 

and multivariable regression analysis was performed to estimate odds ratios (ORs), 95% 

confidence intervals (95% CI) and corresponding P-values for dichotomous and continuous 

variables. 

As the use of too stringent p-values for variable selection is more deleterious for a 

model than including too many factors, all variables that showed a significance level of 
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< 50% in univariable analyses were entered in the multivariable logistic regression model 
12. Furthermore, we used a stepwise backward selection procedure, using a predefined

significance level of > 20% for removing variables from the models 13. Variables that remained 

in the last step of the backward selection procedure in at least 4 of the 5 datasets were 

included in the final logistic regression analysis. The discriminative capacity of the models was 

evaluated by calculating the area under the curve. Calibration of the models was assessed by 

comparing the calculated probabilities with the observed proportion of respiratory morbidity. 

The goodness-of-fit was tested formally with the Hosmer and Lemeshow test statistic. All 

data were analysed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA). 

Results

Sample and respiratory morbidity incidence

Of the original cohort of 1.338 infants, 1143 infants survived the first 48 hours after birth, 

1.026 infants survived the neonatal period (>28 days), 969 infants were alive at 2 year of 

age, 966 infants at 5 years of age and 959 infants survived to the age of 19. At 2 years 

of age information on respiratory morbidity was missing for 97 infants (follow-up rate 

90%). At 5 years of age information on respiratory morbidity was missing for 39 infants 

(follow-up rate 96%). At 19 years information on respiratory morbidity was available for 

690 infants (follow-up rate 72%). 

The rate of infants with respiratory problems at 2 years of age was 24% for imputation and 

30% after imputation. This rate was 15% (n=143 infants) at 5 years of age and 16% (n=155 

infants) at 19 years of age after imputation.

Univariable and multivariable models: respiratory morbidity at          
2 years of age

Table 1 shows the results of the univariable and multivariable regression analysis for 

respiratory morbidity at 2 years of age. Maternal smoking (> 10 cig/day) (adjusted OR 

1.5; 95% CI 1.0 to 2.4), prolonged rupture of membranes (>7 days) (adjusted OR 2.3; 

95% CI 1.3 to 4.1), pre-eclampsia/ eclampsia (adjusted OR 1.9; 95% CI 1.1 to 3.3), male 

gender (adjusted OR 1.5; 95% CI 1.1 to 2.0) and the occurrence of BPD (adjusted OR 1.9; 

95% CI 1.1 to 3.2) were significantly associated with respiratory morbidity at 2 years of 

age. Hypertension before pregnancy was associated with decreased risk for respiratory 

morbidity (adjusted OR 0.32;95% C.I. 0.11 to 0.94). 
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Univariable and multivariable models: respiratory morbidity at          
5 years of age

Table 2 shows the results of the univariable and multivariable regression analysis for 

respiratory morbidity at 5 years of age. Prolonged rupture of membranes (12-24 hrs) 

(adjusted OR 3.7; 95% CI 1.6 to 8.5), the occurrence of asthma in both sides of the family 

(adjusted OR 5.9; 95% CI 2.7 to 13.0) and the occurrence of BPD (adjusted OR 1.8; 95% CI 

1.1 to 3.0) were significantly associated with respiratory morbidity at 5 years of age.

Univariable and multivariable models: respiratory morbidity at 19 
years of age 

The results of the univariable and multivariable regression analysis are shown in table 3. 

Only higher social class was significantly associated with decreased respiratory morbidity 

at 19 years of age (adjusted OR 0.64; 95% CI 0.41 to 0.99). 

Model performance

The prediction models for respiratory morbidity at 2, 5 and 19 years of age discriminate 

modestly well between diseased and non-diseased with an area under the curve (AUC) of 

0.65 (95% CI 0.61 to 0.68), 0.71 (95% CI 0.6 to -0.75) and of 0.61 (95% CI 0.6 to -0.66) 

respectively. The calibration plots for respiratory morbidity at 2, 5 and 19 years of age are 

shown in figure 1A, 1B and 1C. The prediction models for respiratory morbidity at 2 and 

5 years of age show a good calibration, while the calibration plot for respiratory morbidity 

at 19 year is less optimal. The prediction model for respiratory morbidity at 19 years of age 

underestimates the risk for respiratory morbidity. The Hosmer-Lemeshow goodness-of-fit 

test was not significant for all three prediction models. 

Comment

We developed three prediction models for respiratory morbidity at 2, 5 and 19 years of 

age for infants delivered, either before 32 completed weeks of gestation and/or with a 

birth weight of less than 1500 g. In this cohort RDS was not associated with respiratory 

morbidity at any of the three ages. The occurrence of prolonged rupture of membranes 

and bronchopulmonary dysplasia was significantly associated with respiratory morbidity 

at 2 and 5 years of age. Only social class was significantly associated with a decreased 

respiratory morbidity at 19 years of age. An explanation for these findings could be that 

perinatal factors decline in importance throughout childhood and other factors such as 

growth and development, social and familial factors and life events play a much greater r 

inthe developing severe respiratory morbidity later in life. 

With the help of these prediction models of long-term respiratory morbidity, future obstetric 

studies can predict long-term outcomes when follow-up is not feasible. Modelling has 

several advantages. It can be inexpensive, free of ethical concerns over renewed approach 
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of patients and fast: a computer model can simulate in minutes while follow-up lasts years. 

Of course, modelling has also limitations. Failings in model theory or logic, inaccuracies in 

model parameters, or omission of key factors can all invalidate results 14.

One major strength of this study is the relatively large national cohort with high follow-up 

rates that allows for a population based prospective evaluation of the association between 

perinatal and demographic risk factors on long-term respiratory morbidity. Another 

strength is that this cohort was followed prospectively till the age o 19. 

A limitation of this study is that the same outcome variables were not available at all three 

ages, so that a different approach had to be used to define respiratory morbidity at 2, 5 

and 19 years of age. Another limitation is that this cohort was born in 1983. Since 

that time the neonatal healthcare has changed substantially. The introduction of 

antenatal corticosteroids, surfactant therapy and the implementation of lung-

protective strategies have increased survival rates and decreased the occurrence of 

respiratory morbidity of the neonate born at a specific gestational age. A comparison 

between a regional follow-up study (the Leiden Follow-Up Project on Prematurity (LFUPP) 

initiated in 1996-1997 (n= 266) and participants of the POPS study born in that same 

region in 1983 (n=102) showed that the survival rate of RDS is increased over the years, 

but that this is associated with an increase in children with BPD from 6% in the 1980s 

to 19% in the 1990s 15. Apparently, the prevalence of pulmonary sequelae in the 

neonatal perinatal period has not declined over the years, but occurs in more vulnerable 

and immature infants.

At present, many obstetric studies evaluating perinatal interventions that aim to improve 

fetal lung maturity, such as repeated doses of corticosteroids, are using RDS as primary 

end-point. However, the relation between RDS and long-term respiratory morbidity is 

not clear because long-term reports on respiratory health in infants born prematurely are 

limited and often contradictory. Based on this study, BPD seems a better predictor for 

respiratory problems later in life than RDS. By taking BPD as a primary end-point instead of 

RDS the overall verdict of a specific perinatal intervention may change substantially 16,17. 

Another important observation of this study is the impact that prolonged ruptured 

membranes had on respiratory morbidity in later life. This observation could be an argument 

for induction of labour in women with preterm prelabour rupture of membranes. This 

subject is currently under study in two multicenter trials, and our analysis shows that both 

studies should follow their patients to evaluate the consequences of prolonged rupture of 

membranes between 34 and 37 weeks 18-20.

In this cohort RDS is not a risk-indicator for long-term respiratory morbidity. Future obstetric 

studies interested in the effect of a specific perinatal intervention on long-term respiratory 

morbidity, should consider taking BPD as primary outcome instead of RDS.
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Table 1: Results of the uni- and multivariable analysis for respiratory morbidity at 2 years of age (n=959)

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable analysis Multivariable analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Environmental factors

Ethnicity

     Both parents Caucasian 814 (85%) 812 (85%) 0.93 (0.63 to 1.4) 0.737

     One/both parent(s) 
Mediterranean

55 (6%) 54 (6%) 1.2 (0.66 to 2.4) 0.501

     One/both  parent (s) African 40 (4%) 38 (4%) 0.77 (0.36 to 1.7) 0.499

     One/both parent(s) Asian 43 (4%) 42 (4%) 1.4 (0.72 to 2.6) 0.340

     Other 7 (1%) 7 (1%)

Social class

     Low 386 (40%) 310 (41%) 1.0

     Moderate 348 (36%) 274 (37%) 0.77 (0.55 to 1.09) 0.141

     High 225 (24%) 165 (22%) 0.88 (0.59 to 1.3) 0.539

Maternal smoking during pregnancy

      no 626 (65%) 569 (66%) 1.0 1.0

     1-10 cig/day 186 (19%) 168 (19%) 0.92 (0.63 to 1.3) 0.656 0.86 (0.59 to 1.27) 0.458

     >= 10 cig/day 147 (15%) 128 (15%) 1.5 (1.02 to 2.2) 0.040 1.5 (1.00 to 2.4) 0.050

Hypertension before pregnancy 44 (5%) 43 (5%) 0.23 (0.08 to 0.65) 0.005 0.32 (0.11 to 0.94) 0.009

Asthma in the family

     No 424 (44%) 410 (45%) 1.0

     One side of the family 399 (42%) 388 (42%) 1.03 (0.74 to 1.4) 0.860

     Both sides of the family 136 (14%) 117 (13%) 1.07 (0.64 to 1.8) 0.796

Obstetric

Multiple pregnancy 199 (21%) 199 (21%) 1.4 (0.98 to 2.0) 0.067 1.3 (0.92 to 1.9) 0.127

Corticosteroids 151 (16%) 150 (16%) 1,02 (0.69 to 1.5) 0.940

Gestational diabetes

     No 917 (96%) 915 (96%) 1.0

     with diet 23 (2%) 23 (2%) 2.1 (0.92 to 4.8) 0.079

     with insulin 19 (2%) 19 (2%) 0.64 (0.20 to 2.1) 0.455

Hypertension during pregnancy

      no 698 (73%) 696 (73%) 1.0 1.0

     >=90 mm Hg 176 (18%) 174 (18%) 0.57 (0.38 to 0.84) 0.005 1.0 (0.63 to 1.6) 0.983

     Preeclampsia/ eclampsia 85 (9%) 85 (9%) 0.96 (0.58 to 1.6) 0.859 1.9 (1.05 to 3.3) 0.033

Prolonged rupture of membranes

      No 593 (62%) 590 (62%) 1.0 1.00

     < 1-12 hrs 158 (17%) 157 (17%) 1.3 (0.89 to 1.9) 0.166 1.1 (0.76 to 1.7) 0.531

     12-24 hrs 32 (3%) 31 (3%) 1.6 (0.72 to 3.5) 0.247 1.5 (0.65 to 3.3) 0.351

     1-7 days 113 (12%) 112 (12%) 1.7 (1.07 to 2.7) 0.026 1.5 (0.91 to 2.4) 0.113

     > 7 days 62 (6%) 62 (6%) 2.6 (1.5 to 4.4) 0.001 2.3 (1.3 to 4.1) 0.005

Meconium stained  fluid 68 (7%) 64 (7%) 1.2 (0.67 to 2.0) 0.589

Caesarean section 456 (48%) 456 (48%) 0.80 (0.60 to 1.07) 0.138

     Presentation other than vertex 293 (31%) 293 (31%) 1.1 (0.82 to 1.5) 0.497
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Table 1: Results of the uni- and multivariable analysis for respiratory morbidity at 2 years of age (n=959)

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable analysis Multivariable analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Environmental factors

Ethnicity

     Both parents Caucasian 814 (85%) 812 (85%) 0.93 (0.63 to 1.4) 0.737

     One/both parent(s) 
Mediterranean

55 (6%) 54 (6%) 1.2 (0.66 to 2.4) 0.501

     One/both  parent (s) African 40 (4%) 38 (4%) 0.77 (0.36 to 1.7) 0.499

     One/both parent(s) Asian 43 (4%) 42 (4%) 1.4 (0.72 to 2.6) 0.340

     Other 7 (1%) 7 (1%)

Social class

     Low 386 (40%) 310 (41%) 1.0

     Moderate 348 (36%) 274 (37%) 0.77 (0.55 to 1.09) 0.141

     High 225 (24%) 165 (22%) 0.88 (0.59 to 1.3) 0.539

Maternal smoking during pregnancy

      no 626 (65%) 569 (66%) 1.0 1.0

     1-10 cig/day 186 (19%) 168 (19%) 0.92 (0.63 to 1.3) 0.656 0.86 (0.59 to 1.27) 0.458

     >= 10 cig/day 147 (15%) 128 (15%) 1.5 (1.02 to 2.2) 0.040 1.5 (1.00 to 2.4) 0.050

Hypertension before pregnancy 44 (5%) 43 (5%) 0.23 (0.08 to 0.65) 0.005 0.32 (0.11 to 0.94) 0.009

Asthma in the family

     No 424 (44%) 410 (45%) 1.0

     One side of the family 399 (42%) 388 (42%) 1.03 (0.74 to 1.4) 0.860

     Both sides of the family 136 (14%) 117 (13%) 1.07 (0.64 to 1.8) 0.796

Obstetric

Multiple pregnancy 199 (21%) 199 (21%) 1.4 (0.98 to 2.0) 0.067 1.3 (0.92 to 1.9) 0.127

Corticosteroids 151 (16%) 150 (16%) 1,02 (0.69 to 1.5) 0.940

Gestational diabetes

     No 917 (96%) 915 (96%) 1.0

     with diet 23 (2%) 23 (2%) 2.1 (0.92 to 4.8) 0.079

     with insulin 19 (2%) 19 (2%) 0.64 (0.20 to 2.1) 0.455

Hypertension during pregnancy

      no 698 (73%) 696 (73%) 1.0 1.0

     >=90 mm Hg 176 (18%) 174 (18%) 0.57 (0.38 to 0.84) 0.005 1.0 (0.63 to 1.6) 0.983

     Preeclampsia/ eclampsia 85 (9%) 85 (9%) 0.96 (0.58 to 1.6) 0.859 1.9 (1.05 to 3.3) 0.033

Prolonged rupture of membranes

      No 593 (62%) 590 (62%) 1.0 1.00

     < 1-12 hrs 158 (17%) 157 (17%) 1.3 (0.89 to 1.9) 0.166 1.1 (0.76 to 1.7) 0.531

     12-24 hrs 32 (3%) 31 (3%) 1.6 (0.72 to 3.5) 0.247 1.5 (0.65 to 3.3) 0.351

     1-7 days 113 (12%) 112 (12%) 1.7 (1.07 to 2.7) 0.026 1.5 (0.91 to 2.4) 0.113

     > 7 days 62 (6%) 62 (6%) 2.6 (1.5 to 4.4) 0.001 2.3 (1.3 to 4.1) 0.005

Meconium stained  fluid 68 (7%) 64 (7%) 1.2 (0.67 to 2.0) 0.589

Caesarean section 456 (48%) 456 (48%) 0.80 (0.60 to 1.07) 0.138

     Other than vertex 293 (31%) 293 (31%) 1.1 (0.82 to 1.5) 0.497
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Table 1: Results of the uni- and multivariable analysis for respiratory morbidity at 2 years of age (n=959)

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable analysis Multivariable analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Neonatal 

Gestational age 0.92 (0.87 to 0.98) 0.007

     25-28 wk 117 (12%) 117 (12%)

     28-30 wk 242 (25%) 241 (25%)

     30-32 wk 345 (36%) 344 (36%)

     > 32 wk 256 (27%) 255 (27%)

Low Birth weight (<p10) 357 (37%) 356 (37%) 0.65 (0.48 to 0.87) 0.004 0.75 (0.53 to 1.06) 0.100

Male gender 489 (51%) 489 (51%) 1.5 (1.09 to 2.0) 0.012 1.5 (1.07 to 2.0)

Asphyxia 89 (9%) 69 (8%) 1.3 (0.76 to 2.2) 0.362

BPD 133 (14%) 81 (10%) 2.1 (1.2 to 3.4) 0.011 1.9 (1.1 to 3.2)

RDS

    No 586 (61%) 586 (61%) 1.0

    Clinical 126 (13%) 126 (13%) 1.01 (0.65 to 1.6) 0.965

    Radiographic 247 (26%) 247 (21%) 1.2 (0.88 to 1.7) 0.236

Pneumonia 59 (6%) 59 (6%) 1.3 (0.71 to 2.2) 0.445

Pneumothorax 54 (6%) 54 (6%) 1.8 (0.99 to 3.2) 0.056

Interstitional emphysema 47 (5%) 47 (5%) 1.6 (0.86 to 3.0) 0.141

CPAP (days) 2.0 1.9 1.01 (0.98 to 1.04) 0.405

Artificial ventilation (days) 3.2 3.1 1.01 (0.99 to 1.03) 0.242

Abbreviations: BPD = Bronchopulmonary dysplasia, RDS = Respiratory Distress Syndrome, CPAP = Continuous 
Positive Airway Pressure.

Table 2: Results of the uni- and multivariable analysis for respiratory morbidity at 5 years of age (n=959) 

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable analysis Multivariable analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Environmental factors

Ethnicity

     Both parents Caucasian 814 (85%) 812 (85%) 1.1 (0.68 to 1.9)) 0.636

     One/both parent(s) 
Mediterranean

55 (6%) 54 (6%) 1.1 (0.52 to 2.4) 0.803

     One/both  parent (s) African 40 (4%) 38 (4%) 1.5 (0.66 to 3.3) 0.346

     One/both parent(s) Asian 43 (4%) 42 (4%) 0.42 (0.13 to 1.4) 0.151

     Other 7 (1%) 7 (1%)

Social class

     Low 386 (40%) 310 (41%) 1.0

     Moderate 348 (36%) 274 (37%) 1.1 (0.68 to 1.7) 0.755

     High 225 (24%) 165 (22%) 0.68 (0.32 to 1.4) 0.321
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Table 1: Results of the uni- and multivariable analysis for respiratory morbidity at 2 years of age (n=959)

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable analysis Multivariable analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Neonatal

Gestational age 0.92 (0.87 to 0.98) 0.007

     25-28 wk 117 (12%) 117 (12%)

     28-30 wk 242 (25%) 241 (25%)

     30-32 wk 345 (36%) 344 (36%)

     > 32 wk 256 (27%) 255 (27%)

Low Birth weight (<p10) 357 (37%) 356 (37%) 0.65 (0.48 to 0.87) 0.004 0.75 (0.53 to 1.06) 0.100

Male gender 489 (51%) 489 (51%) 1.5 (1.09 to 2.0) 0.012 1.5 (1.07 to 2.0)

Asphyxia 89 (9%) 69 (8%) 1.3 (0.76 to 2.2) 0.362

BPD 133 (14%) 81 (10%) 2.1 (1.2 to 3.4) 0.011 1.9 (1.1 to 3.2)

RDS

    No 586 (61%) 586 (61%) 1.0

    Clinical 126 (13%) 126 (13%) 1.01 (0.65 to 1.6) 0.965

    Radiographic 247 (26%) 247 (21%) 1.2 (0.88 to 1.7) 0.236

Pneumonia 59 (6%) 59 (6%) 1.3 (0.71 to 2.2) 0.445

Pneumothorax 54 (6%) 54 (6%) 1.8 (0.99 to 3.2) 0.056

Interstitional emphysema 47 (5%) 47 (5%) 1.6 (0.86 to 3.0) 0.141

CPAP (days) 2.0 1.9 1.01 (0.98 to 1.04) 0.405

Artificial ventilation (days) 3.2 3.1 1.01 (0.99 to 1.03) 0.242

Abbreviations: BPD = Bronchopulmonary dysplasia, RDS = Respiratory Distress Syndrome, CPAP = Continuous 
Positive Airway Pressure.

Table 2: Results of the uni- and multivariable analysis for respiratory morbidity at 5 years of age (n=959) 
(Cont).

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable analysis Multivariable analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Environmental factors

Ethnicity

     Both parents Caucasian 814 (85%) 812 (85%) 1.1 (0.68 to 1.9)) 0.636

     One/both parent(s) 
Mediterranean

55 (6%) 54 (6%) 1.1 (0.52 to 2.4) 0.803

     One/both  parent (s) African 40 (4%) 38 (4%) 1.5 (0.66 to 3.3) 0.346

     One/both parent(s) Asian 43 (4%) 42 (4%) 0.42 (0.13 to 1.4) 0.151

     Other 7 (1%) 7 (1%)

Social class

     Low 386 (40%) 310 (41%) 1.0

     Moderate 348 (36%) 274 (37%) 1.1 (0.68 to 1.7) 0.755

     High 225 (24%) 165 (22%) 0.68 (0.32 to 1.4) 0.321
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Table 2: Results of the uni- and multivariable analysis for respiratory morbidity at 5 years of age (n=959) 
(Cont).

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable analysis Multivariable analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

      No maternal smoking during pregnancy 626 (65%) 569 (66%) 1.0

     1-10 cig/day 186 (19%) 168 (19%) 1.2 (0.76 to 2.0) 0.387

     >= 10 cig/day 147 (15%) 128 (15%) 1.6 (0.96 to 2.6) 0.070

Hypertension before pregnancy 44 (5%) 43 (5%) 0.40 (0.12 to 1.3) 0.132

Asthma in the family

     No 424 (44%) 410 (45%) 1.0

     One side of the family 399 (42%) 388 (42%) 2.3 (1.1 to 4.9) 0.057 2.4 (1.09 to 5.1) 0.057

     Both sides of the family 136 (14%) 117 (13%) 5.7 (2.6 to 12.7) 0.001 5.9 (2.7 to 13.0) 0.001

Obstetric

Multiple pregnancy 199 (21%) 199 (21%) 0.87 (0.55 to 1.4) 0.551

Corticosteroids 151 (16%) 150 (16%) 1.03 (0.63 to 1.7) 0.916

Gestational diabetes

     No 917 (96%) 915 (96%) 1.0

     with diet 23 (2%) 23 (2%) 0.25 (0.03 to 1.9) 0.179

     with insulin 19 (2%) 19 (2%) 1.02 (0.29 to 3.6) 0.971

Hypertension during pregnancy

      no 698 (73%) 696 (73%) 1.0

     >=90 mm Hg 176 (18%) 174 (18%) 0.78 (0.48 to 1.3) 0.321

     Preeclampsia/ eclampsia 85 (9%) 85 (9%) 0.96 (0.51 to 1.8) 0.900

Prolonged rupture of membranes

      No 593 (62%) 590 (62%)

     < 1-12 hrs 158 (17%) 157 (17%) 1.04 (0.62 to 1.7) 0.889 1.1 (0.67 to 2.0) 0.631

     12-24 hrs 32 (3%) 31 (3%) 3.1 (1.4 to 6.9) 0.005 3.7 (1.6 to 8.5) 0.003

     1-7 days 113 (12%) 112 (12%) 1.5 (0.83 to 2.5) 0.194 1.4 (0.75 to 2.5) 0.313

     > 7 days 62 (6%) 62 (6%) 2.0 (1.0 to 3.7) 0.038 1.8 (0.92 to 3.5) 0.086

Meconium stained  fluid 68 (7%) 64 (7%) 0.96 (0.47 to 2.0) 0.909

Caesarean section 456 (48%) 456 (48%) 0.71 (0.50 to 1.0) 0.065

Presentation 

     Other than vertex 293 (31%) 293 (31%) 0.65 (0.43 to 0.98) 0.041

Neonatal 

Gestational age 0.94 (0.88 to 1.0) 0.109

     25-28 wk 117 (12%) 117 (12%)

     28-30 wk 242 (25%) 241 (25%)

     30-32 wk 345 (36%) 344 (36%)

     > 32 wk 256 (27%) 255 (27%)

Low Birth weight (<p10) 357 (37%) 356 (37%) 0.78 (0.53 to 1.1)

Male gender 489 (51%) 489 (51%) 1.5 (1.03 to 2.1) 0.035 1.4 (0.96 to 2.1) 0.076

Asphyxia 89 (9%) 69 (8%) 1.3 (0.63 to 2.6)

BPD 133 (14%) 81 (10%) 1.9 (1.2 to 3.1) 0.012 1.8 (1.07 to 3.0) 0.028
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Table 2: Results of the uni- and multivariable analysis for respiratory morbidity at 5 years of age (n=959) 
(Cont).

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable analysis Multivariable analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

      no 626 (65%) 569 (66%) 1.0

     1-10 cig/day 186 (19%) 168 (19%) 1.2 (0.76 to 2.0) 0.387

     >= 10 cig/day 147 (15%) 128 (15%) 1.6 (0.96 to 2.6) 0.070

Hypertension before pregnancy 44 (5%) 43 (5%) 0.40 (0.12 to 1.3) 0.132

Asthma in the family

     No 424 (44%) 410 (45%) 1.0

     One side of the family 399 (42%) 388 (42%) 2.3 (1.1 to 4.9) 0.057 2.4 (1.09 to 5.1) 0.057

     Both sides of the family 136 (14%) 117 (13%) 5.7 (2.6 to 12.7) 0.001 5.9 (2.7 to 13.0) 0.001

Obstetric

Multiple pregnancy 199 (21%) 199 (21%) 0.87 (0.55 to 1.4) 0.551

Corticosteroids 151 (16%) 150 (16%) 1.03 (0.63 to 1.7) 0.916

Gestational diabetes

     No 917 (96%) 915 (96%) 1.0

     with diet 23 (2%) 23 (2%) 0.25 (0.03 to 1.9) 0.179

     with insulin 19 (2%) 19 (2%) 1.02 (0.29 to 3.6) 0.971

Hypertension during pregnancy

      no 698 (73%) 696 (73%) 1.0

     >=90 mm Hg 176 (18%) 174 (18%) 0.78 (0.48 to 1.3) 0.321

     Preeclampsia/ eclampsia 85 (9%) 85 (9%) 0.96 (0.51 to 1.8) 0.900

Prolonged rupture of membranes

      No 593 (62%) 590 (62%)

     < 1-12 hrs 158 (17%) 157 (17%) 1.04 (0.62 to 1.7) 0.889 1.1 (0.67 to 2.0) 0.631

     12-24 hrs 32 (3%) 31 (3%) 3.1 (1.4 to 6.9) 0.005 3.7 (1.6 to 8.5) 0.003

     1-7 days 113 (12%) 112 (12%) 1.5 (0.83 to 2.5) 0.194 1.4 (0.75 to 2.5) 0.313

     > 7 days 62 (6%) 62 (6%) 2.0 (1.0 to 3.7) 0.038 1.8 (0.92 to 3.5) 0.086

Meconium stained  fluid 68 (7%) 64 (7%) 0.96 (0.47 to 2.0) 0.909

Caesarean section 456 (48%) 456 (48%) 0.71 (0.50 to 1.0) 0.065

Presentation 

     Other than vertex 293 (31%) 293 (31%) 0.65 (0.43 to 0.98) 0.041

Neonatal 

Gestational age 0.94 (0.88 to 1.0) 0.109

     25-28 wk 117 (12%) 117 (12%)

     28-30 wk 242 (25%) 241 (25%)

     30-32 wk 345 (36%) 344 (36%)

     > 32 wk 256 (27%) 255 (27%)

Low Birth weight (<p10) 357 (37%) 356 (37%) 0.78 (0.53 to 1.1)

Male gender 489 (51%) 489 (51%) 1.5 (1.03 to 2.1) 0.035 1.4 (0.96 to 2.1) 0.076

Asphyxia 89 (9%) 69 (8%) 1.3 (0.63 to 2.6)

BPD 133 (14%) 81 (10%) 1.9 (1.2 to 3.1) 0.012 1.8 (1.07 to 3.0) 0.028
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Table 3: Results of the uni- and multivariable analysis for respiratory morbidity at 19 years of age (n=959)

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable 
analysis

Multivariable
analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Environmental factors

Ethnicity

     Both parents Caucasian 814 (85%) 812 (85%) 0.39 (0.16 to 0.95) 0.080

     One/both parent(s) Mediterranean 55 (6%) 54 (6%) 2.5 (1.1 to 5.6) 0.036

     One/both  parent (s) African 40 (4%) 38 (4%) 3.0 (0.82 to 11.1) 0.137

     One/both parent(s) Asian 43 (4%) 42 (4%) 1.3 (0.29 to 5.8) 0.732

     Other 7 (1%) 7 (1%)

Social class

     Low 386 (40%) 310 (41%) 1.0 1.0

     Moderate 348 (36%) 274 (37%) 0.63 (0.41 to 0.97) 0.040 0.64 (0.41 to 0.99) 0.048

     High 225 (24%) 165 (22%) 0.52 (0.28 to 0.95) 0.043 0.54 (0.29 to 0.99) 0.059

Maternal smoking during pregnancy

      no 626 (65%) 569 (66%) 1.0 1.0

     1-10 cig/day 186 (19%) 168 (19%) 0.85 (0.49 to 1.5) 0.567 0.78 (0.44 to 1.4) 0.400

     >= 10 cig/day 147 (15%) 128 (15%) 1.7 (0.92 to 3.2) 0.108 1.6 (0.85 to 3.0) 0.162

Hypertension before pregnancy 44 (5%) 43 (5%) 0.38 (0.10 to 1.5) 0.176 0.39 (0.10 to 1.5) 0.177

Asthma in the family

     No 424 (44%) 410 (45%) 1.0

     One side of the family 399 (42%) 388 (42%) 0.87 (0.54 to 1.4) 0.588

     Both sides of the family 136 (14%) 117 (13%) 0.91 (0.31 to 2.7) 0.875

Obstetric

Multiple pregnancy 199 (21%) 199 (21%) 0.92 (0.46 to 1.8) 0.806

Corticosteroids 151 (16%) 150 (16%) 1.2 (0.70 to 2.0) 0.527

Table 2: Results of the uni- and multivariable analysis for respiratory morbidity at 5 years of age (n=959) 
(Cont).

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable analysis Multivariable analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

    No RDS 586 (61%) 586 (61%) 1.0

    Clinical 126 (13%) 126 (13%) 0.88 (0.50 to 1.6) 0.667

    Radiographic 247 (26%) 247 (21%) 1.3 (0.88 to 2.0) 0.182

Pneumonia 59 (6%) 59 (6%) 1.5 (0.77 to 2.9) 0.235

Pneumothorax 54 (6%) 54 (6%) 1.5 (0.75 to 3.0) 0.249

Interstitional emphysema 47 (5%) 47 (5%) 2.0 (1.03 to 4.0) 0.040

CPAP (days) 2.0 1.9 1.03 (0.99 to 1.06) 0.124

Artificial ventilation (days) 3.2 3.1 1.02 (1.0 to 1.04) 0.667

Abbreviations: BPD = Bronchopulmonary dysplasia, RDS = Respiratory Distress Syndrome, CPAP = Continuous Positive 
Airway Pressure.
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Table 3: Results of the uni- and multivariable analysis for respiratory morbidity at 19 years of age (n=959) 
(Cont).

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable 
analysis

Multivariable
analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Environmental factors

Ethnicity

     Both parents Caucasian 814 (85%) 812 (85%) 0.39 (0.16 to 0.95) 0.080

     One/both parent(s) Mediterranean 55 (6%) 54 (6%) 2.5 (1.1 to 5.6) 0.036

     One/both  parent (s) African 40 (4%) 38 (4%) 3.0 (0.82 to 11.1) 0.137

     One/both parent(s) Asian 43 (4%) 42 (4%) 1.3 (0.29 to 5.8) 0.732

     Other 7 (1%) 7 (1%)

Social class

     Low 386 (40%) 310 (41%) 1.0 1.0

     Moderate 348 (36%) 274 (37%) 0.63 (0.41 to 0.97) 0.040 0.64 (0.41 to 0.99) 0.048

     High 225 (24%) 165 (22%) 0.52 (0.28 to 0.95) 0.043 0.54 (0.29 to 0.99) 0.059

Maternal smoking during pregnancy

      no 626 (65%) 569 (66%) 1.0 1.0

     1-10 cig/day 186 (19%) 168 (19%) 0.85 (0.49 to 1.5) 0.567 0.78 (0.44 to 1.4) 0.400

     >= 10 cig/day 147 (15%) 128 (15%) 1.7 (0.92 to 3.2) 0.108 1.6 (0.85 to 3.0) 0.162

Hypertension before pregnancy 44 (5%) 43 (5%) 0.38 (0.10 to 1.5) 0.176 0.39 (0.10 to 1.5) 0.177

Asthma in the family

     No 424 (44%) 410 (45%) 1.0

     One side of the family 399 (42%) 388 (42%) 0.87 (0.54 to 1.4) 0.588

     Both sides of the family 136 (14%) 117 (13%) 0.91 (0.31 to 2.7) 0.875

Obstetric

Multiple pregnancy 199 (21%) 199 (21%) 0.92 (0.46 to 1.8) 0.806

Corticosteroids 151 (16%) 150 (16%) 1.2 (0.70 to 2.0) 0.527

Table 2: Results of the uni- and multivariable analysis for respiratory morbidity at 5 years of age (n=959) 
(Cont).

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable analysis Multivariable analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

    No 586 (61%) 586 (61%) 1.0

    Clinical 126 (13%) 126 (13%) 0.88 (0.50 to 1.6) 0.667

    Radiographic 247 (26%) 247 (21%) 1.3 (0.88 to 2.0) 0.182

Pneumonia 59 (6%) 59 (6%) 1.5 (0.77 to 2.9) 0.235

Pneumothorax 54 (6%) 54 (6%) 1.5 (0.75 to 3.0) 0.249

Interstitional emphysema 47 (5%) 47 (5%) 2.0 (1.03 to 4.0) 0.040

CPAP (days) 2.0 1.9 1.03 (0.99 to 1.06) 0.124

Artificial ventilation (days) 3.2 3.1 1.02 (1.0 to 1.04) 0.667

Abbreviations: BPD = Bronchopulmonary dysplasia, RDS = Respiratory Distress Syndrome, CPAP = Continuous Positive 
Airway Pressure.
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Table 3: Results of the uni- and multivariable analysis for respiratory morbidity at 19 years of age (n=959) 
(Cont).

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable 
analysis

Multivariable
analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

     No gestational diabetes 917 (96%) 915 (96%) 1.0

     with diet 23 (2%) 23 (2%) 1.03 (0.15 to 6.8) 0.978

     with insulin 19 (2%) 19 (2%) 0.92 (0.20 to 4.2) 0.910

Hypertension during pregnancy

      no 698 (73%) 696 (73%) 1.0

     >=90 mm Hg 176 (18%) 174 (18%) 0.82 (0.48 to 1.4) 0.453

     Preeclampsia/ eclampsia 85 (9%) 85 (9%) 0.91 (0.35 to 2.4) 0.848

Prolonged rupture of membranes

      No 593 (62%) 590 (62%) 1.0

     < 1-12 hrs 158 (17%) 157 (17%) 0.85 (0.44 to 1.6) 0.632

     12-24 hrs 32 (3%) 31 (3%) 2.1 (0.92 to 4.9) 0.076

     1-7 days 113 (12%) 112 (12%) 1.2 (0.65 to 2.3) 0.531

     > 7 days 62 (6%) 62 (6%) 1.08 (0.49 to 2.4) 0.854

Meconium stained  fluid 68 (7%) 64 (7%) 0.68 (0.26 to 1.8) 0.446

Caesarean section 456 (48%) 456 (48%) 0.79 (0.51 to 1.2) 0.284

Presentation 

     Other than vertex 293 (31%) 293 (31%) 0.92 (0.53 to 1.6) 0.791

Neonatal 

Gestational age 1.00 (0.92 to 1.1) 0.970

     25-28 wk 117 (12%) 117 (12%)

     28-30 wk 242 (25%) 241 (25%)

     30-32 wk 345 (36%) 344 (36%)

     > 32 wk 256 (27%) 255 (27%)

Low Birth weight (<p10) 357 (37%) 356 (37%) 0.77 (0.48 to 1.2) 0.274

Male gender 489 (51%) 489 (51%) 1.06 (0.58 to 1.9) 0.860

Asphyxia 89 (9%) 69 (8%) 1.2 (0.59 to 2.6) 0.582

BPD 133 (14%) 81 (10%) 0.94 (0.44 to 2.0) 0.876

RDS

    No 586 (61%) 586 (61%) 1.0

    Clinical 126 (13%) 126 (13%) 0.73 (0.37 to 1.4) 0.360

    Radiographic 247 (26%) 247 (21%) 0.91 (0.56 to 1.5) 0.723

Pneumonia 59 (6%) 59 (6%) 0.46 (0.04 to 5.8) 0.575

Pneumothorax 54 (6%) 54 (6%) 0.47 (0.12 to 1.9) 0.312

Interstitional emphysema 47 (5%) 47 (5%) 0.40 (0.06 to 2.8) 0.375

CPAP (days) 2.0 1.9 1.01 (0.94 to 1.08) 0.808

Artificial ventilation (days) 3.2 3.1 1.00 (0.93 to 1.06) 0.923

Abbreviations: BPD = Bronchopulmonary dysplasia, RDS = Respiratory Distress Syndrome, CPAP = Continuous Positive 
Airway Pressure.
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Table 3: Results of the uni- and multivariable analysis for respiratory morbidity at 19 years of age (n=959) 
(Cont).

Candidate predictors N (%) of infants 
or mean after 

imputation

N (%) of infants 
or mean before 

imputation

Univariable 
analysis

Multivariable
analysis 

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

     No 917 (96%) 915 (96%) 1.0

     with diet 23 (2%) 23 (2%) 1.03 (0.15 to 6.8) 0.978

     with insulin 19 (2%) 19 (2%) 0.92 (0.20 to 4.2) 0.910

Hypertension during pregnancy

      no 698 (73%) 696 (73%) 1.0

     >=90 mm Hg 176 (18%) 174 (18%) 0.82 (0.48 to 1.4) 0.453

     Preeclampsia/ eclampsia 85 (9%) 85 (9%) 0.91 (0.35 to 2.4) 0.848

Prolonged rupture of membranes

      No 593 (62%) 590 (62%) 1.0

     < 1-12 hrs 158 (17%) 157 (17%) 0.85 (0.44 to 1.6) 0.632

     12-24 hrs 32 (3%) 31 (3%) 2.1 (0.92 to 4.9) 0.076

     1-7 days 113 (12%) 112 (12%) 1.2 (0.65 to 2.3) 0.531

     > 7 days 62 (6%) 62 (6%) 1.08 (0.49 to 2.4) 0.854

Meconium stained  fluid 68 (7%) 64 (7%) 0.68 (0.26 to 1.8) 0.446

Caesarean section 456 (48%) 456 (48%) 0.79 (0.51 to 1.2) 0.284

Presentation 

     Other than vertex 293 (31%) 293 (31%) 0.92 (0.53 to 1.6) 0.791

Neonatal 

Gestational age 1.00 (0.92 to 1.1) 0.970

     25-28 wk 117 (12%) 117 (12%)

     28-30 wk 242 (25%) 241 (25%)

     30-32 wk 345 (36%) 344 (36%)

     > 32 wk 256 (27%) 255 (27%)

Low Birth weight (<p10) 357 (37%) 356 (37%) 0.77 (0.48 to 1.2) 0.274

Male gender 489 (51%) 489 (51%) 1.06 (0.58 to 1.9) 0.860

Asphyxia 89 (9%) 69 (8%) 1.2 (0.59 to 2.6) 0.582

BPD 133 (14%) 81 (10%) 0.94 (0.44 to 2.0) 0.876

RDS

    No 586 (61%) 586 (61%) 1.0

    Clinical 126 (13%) 126 (13%) 0.73 (0.37 to 1.4) 0.360

    Radiographic 247 (26%) 247 (21%) 0.91 (0.56 to 1.5) 0.723

Pneumonia 59 (6%) 59 (6%) 0.46 (0.04 to 5.8) 0.575

Pneumothorax 54 (6%) 54 (6%) 0.47 (0.12 to 1.9) 0.312

Interstitional emphysema 47 (5%) 47 (5%) 0.40 (0.06 to 2.8) 0.375

CPAP (days) 2.0 1.9 1.01 (0.94 to 1.08) 0.808

Artificial ventilation (days) 3.2 3.1 1.00 (0.93 to 1.06) 0.923

Abbreviations: BPD = Bronchopulmonary dysplasia, RDS = Respiratory Distress Syndrome, CPAP = Continuous Positive 
Airway Pressure.
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Figure 1: 
(A) Calibration plot prediction model 
respiratory morbidity at 2 years of age. 

(B) Calibration plot prediction model 
respiratory morbidity at 5 years of age. 

(C) Calibration plot prediction model 
respiratory morbidity 19 years of age.

A

B
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Abstract

A main aim of obstetric interventions is to improve the long-term outcome of the child. 

Unfortunately, the large majority of studies on obstetric interventions does not report such 

outcomes, as it is expensive, time consuming and a logistic challenge to measure them. 

We systematically discuss pros and cons of three different follow-up strategies, and 

propose a rule of thumb that can facilitate perinatal trialist in their decisions on follow-up. 

We distinguish three different follow-up strategies: 1. Long-term follow-up of all children 

participating in the original RCT; 2. Only long-term follow-up of children with abnormal 

short-term outcomes; and 3. Only long-term follow-up of a random sample of children 

participating in the original RCT. 

We discussed strengths and weaknesses of these strategies and alternative options will 

be suggested. It is pivotal for trialists to consider follow-up at the design of the original 

trial. To facilitate future trialist we summarized pros and cons of different strategies and 

provided a brief guideline to be of help in their decision on long-term follow-up. 
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Introduction

Obstetric randomized controlled trials (RCTs) are performed to evaluate the effectiveness 

of perinatal interventions. At the start of such trials, trialists have to determine the primary 

outcome. Although many perinatal interventions are performed with the ultimate aim 

to improve the long-term health and development of the child, the large majority of 

studies on obstetric interventions does not report such outcomes, as it is expensive, time 

consuming and a logistic challenge. In a recently published review, we showed that only a 

small minority of large obstetric RCTs (> 350 women) followed the children after discharge 

from the hospital to evaluate the long-term effectiveness of a perinatal intervention 1. 

This review also showed that there is no consistency in the strategy used for the follow-

up of these children. Not every study approached all live born children included in the RCT 

for follow-up and there was also no consistency in the methods used for the follow-up of 

these children. 

Most apparently, a prespecified and early defined strategy for long-term follow-up 

was lacking, even in those studies that reported on follow-up. If studies did report on 

follow up, the plan for follow-up was rarely announced in the initial study protocol, and 

apparently only conceived during or after the primary study. This hampers the use of 

adequate arrangements for informed consent, and results often in incomplete follow-

up. In a reaction, recent studies have now planned a complete follow-up of all studies, 

sometimes even leading to designs where short-term outcomes are only reported together 

with long-term outcomes, as the allocation remain undisclosed until the primary endpoint 

is known, sometimes taking two year follow-up or even longer 2,3.

In this paper, we aim to formulate different concepts for follow-up strategies. We based 

ourselves on strategies that already have been used in large obstetric RCTs that followed 

the children long-term after discharge of the hospital. Strengths and weaknesses of these 

strategies will be discussed and alternative options will be suggested. Also the different 

follow-up methods used (questionnaires and/or assessments) will shortly be evaluated. 

In addition of promoting awareness and emphasizing the importance of appropriate 

consideration and planning of long-term outcomes assessment, the current study could 

facilitate future trialists in their decision making on follow-up.

Potential follow-up strategies
We based ourselves on our review on long-term outcomes 1. Only a few studies 

systematically incorporated long-term child outcomes in their evaluation. Among these 

studies, we identified three clearly different follow-up strategies, and selected the studies 

most prominently reporting their follow-up strategy. 
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These different strategies can be characterised as:

I. Long-term follow-up of all children participating in the original RCT.

II. Only long-term follow-up of children with abnormal short-term outcomes.

III. Only long-term follow-up of random sample of children participating in the original

RCT.

Each of these strategies will be illustrated using a clinical study as an example. Subsequently, 

strength and weaknesses of the strategy will be discussed and alternative options will be 

suggested. Finally, a brief guideline is presented that can be used to select an appropriate 

strategy conditional on the characteristics of the study at hand, and recommendations are 

provided on how to use the guideline in the design phase of a trial. 

Strategy I: Long-term follow-up of all children participating in the original RCT. 

Clinical example: The ORACLE I study 4,5

Objective of the study
The ORACLE I study (n=4826 women) is an example of a large RCT in which all children 

were followed long-term regardless the results of the short-term outcomes. This study 

evaluated broad spectrum antibiotics (erythromycin and/or co-amoxiclav or both or 

placebo) in women with preterm, prelabour rupture of fetal membranes (pPROM). The 

composite primary outcome was a composite of death before discharge from hospital; 

chronic lung disease; or a major cerebral abnormality on ultrasonography before discharge.

Short-term results
The results of this study indicated a range of short-term health benefits with the 

prescription of erythromycin for pPROM. Co-amoxiclav was not associated with any 

change in primary outcome. However, although women who received co-amoxiclav had 

prolonged pregnancy compared to those who did not receive any co-amoxiclav, it was 

also associated with a significantly higher incidence of necrotising enterocolitis and was 

therefore not recommended.

Follow-up strategy
Based on the short-term outcomes the trialist expected a probable reduction in childhood 

disability. In the original trial, women were already informed of the intention to do a 

subsequent follow-up assessment when they gave written informed consent. After the 

original trial was finished and short-term outcomes were known, the trialist sought follow-

up information for children at 7 years of age who were born to the 4809 women with 

pPROM who completed ORACLE I. The follow-up rate was 75%.

Follow-up methods used
Data were collected with a structured parental questionnaire to assess the child’s health 

status. Furthermore, results from national curriculum tests were used to assess the 

children’s educational attainment. 
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Long-term results
The long-term results showed that the prescription of antibiotics for women with pPROM 

seems to have no effect on the health of children at 7 years of age and therefore should 

not be given to the mother in the case of premature rupture of membranes. This study 

showed, that the overall conclusion about the effectiveness of a perinatal intervention can 

change, after long-term outcomes have become known. 

Strengths, weaknesses & suggestions

Follow-up strategy: strengths, weaknesses & suggestions
The strength of following all children on the long-term, like in the ORACLE I study, is that 

the effects of a specific perinatal intervention can be determined without losing much 

information. On the other hand, this strategy is time consuming and consequently very 

expensive. Another strength is that the trialist already informed the participants at the 

start of the original study of the intention to do a subsequent follow-up. Nonetheless, the 

researchers had to trace all children with the help of the UK Office of National Statistics 

and by contact with their family doctors. Maybe it would have saved time if the trialist 

maintained contact with the parents immediately from the inclusion and perhaps this 

would have resulted in a follow-up rate higher than 75%. 

Follow-up methods used: strengths, weaknesses & suggestions
In the ORACLE study follow-up data were collected with a structured parental 

questionnaire to assess the child’s health status. Questionnaires have the advantage that 

they are relatively inexpensive and easy to organise. A disadvantage of questionnaires in 

the follow-up of children is that they are often designed as developmental screening tools 

and therefore are less useful to detect mild problems, that  tend to be common in preterm 

born children 6. Other disadvantages are that parents frequently over- and under report 

the health status of their child and that response rates vary considerably between studies 
7,8. Instead of using questionnaires as sole outcome measure, an alternative strategy 

could be a step up approach. An example of this approach is to use the questionnaire to 

identify the children with a high risk for a developmental problem. The  next step could be 

an invitation of this group of children for further physical and neurological assessments, 

like the Bayley scales of infant development. Furthermore, the ORACLE I study used the 

results from national curriculum tests to assess the children’s educational attainment. This 

information  was already collected and no extra money had to be spent on IQ assessments. 

We think that trialist should more often consider the use of regularly collected information. 

For example, in The Netherlands the CITO test is administered in every child at the end of 

primary school. Based on this school performance test, recommendations are formulated 

for an appropriate-secondary school level. The result of this test could provide valid 

information to evaluate the effect of perinatal interventions on school performance.
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Strategy II: Only long-term follow-up of children with abnormal short-term outcomes. 

Clinical example: the DUBLIN study 9,10

Objective of the study
The Dublin study is an example of a large RCT, where only children with abnormal 

short-term outcomes were followed long-term (n=12,964 women, n=13,079 children). This 

study was about intrapartum fetal heart rate monitoring in which a strategy of continuous 

electronic intrapartum fetal heart monitoring was compared with an alternative strategy 

of intermittent auscultation. During both strategies it was allowed to measure fetal 

scalp blood pH if there was doubt about the condition of the baby. Primary outcomes 

were intrapartum and neonatal deaths (within 28 days of delivery) and neurological 

abnormalities (seizures, simultaneous abnormalities of both tone and reflexes, other 

neurological abnormalities that persisted one week after birth). 

Short-term results
More than three times as many fetal blood samples were obtained for fetal heart rate 

abnormalities in the electronic fetal heart rate monitoring group. The overall risk of 

intrapartum and neonatal death in children without neurological problems was identical 

in both groups (2.1/1000). However, children allocated to the electronic fetal monitoring 

group had a lower risk for neurological abnormalities compared to children allocated 

to the intermittent auscultation group (OR 0.67, 95% C.I 0.43-1.04), a non-significant 

difference. When only seizures were considered, the risk of seizures was significantly lower 

for children in the electronic fetal monitoring group (OR 0.45, 95% C.I. 0.22-0.91). 

Follow-up strategy
Follow-up at one year of age was planned for surviving infants who had neonatal 

seizures or other simultaneous abnormalities of tone and reflexes in the neonatal phase. 

Nevertheless, since the age of one year is too young to exclude a diagnosis of cerebral 

palsy with confidence,  the follow-up was extended to the age of four for all children with 

neurological abnormalities after birth. Cases of cerebral palsy among babies who did not 

have abnormal neurological signs in the neonatal period and who therefore did not have 

been followed systematically, were identified at the time of referral to specialist clinics.

Follow-up methods used
At one year of age a general assessment of posture and large movements, vision and fine 

movements, hearing, speech, and social behaviour was performed. The re-examinations at 

age four included psychological and neurological assessments as well as test of hearing, 

sight, and speech when indicated.

Long-term results
Follow-up at one year has been successfully accomplished in 42 of the 43 children babies 

who survived seizures and other simultaneous abnormalities of tone and reflexes in the 

neonatal period. At this examination, three babies in each trial group, all of whom who 
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experienced neonatal seizures, were judged to have major neurological abnormalities, 

including cerebral palsy. Reassessment at the age of four of 9 children in the intensively 

monitored group and 21 in the control group who survived after neonatal seizures 

showed that 3 children in each group had cerebral palsy. A fourth child in the intensively 

monitored group with cerebral palsy showed transient abnormal neurological signs during 

the neonatal period. Eight other children in the intensively monitored group and 7 in the 

control group who showed no abnormal neurological signs in the neonatal period also 

developed cerebral palsy. Sixteen of the total of 22 cases of cerebral palsy had not shown 

clinical signs suggestive of intrapartum asphyxia. This study concluded that continuous 

electronic monitoring decreases the risk for seizures, but not for cerebral palsy.

Strengths, weaknesses & suggestions

Follow-up strategy: strengths, weaknesses & suggestions
A possible strength of this study is that a subset of children was systematically selected 

for long-term follow-up. Taking the pathophysiological background into account, the 

trialists decided at the start of the original study to follow only children with neurological 

abnormalities long-term. This selection was based on the hypothesis that neonatal 

asphyxia could cause neurological abnormalities in the new-born and that these infants 

have a higher risk to develop cerebral palsy. Nevertheless, this can also be a weakness. 

This study started in 1981 and since that time a lot more is known of the relationship 

between neonatal asphyxia and long-term outcomes. It seems that children with neonatal 

asphyxia are at increased risk for long-term intellectual, verbal and motor deficits and 

these children show often no short-term neurological abnormalities 11,12,13. Therefore, if 

the considerations about the pathophysiological background are incorrect, the possibility 

arises that the wrong follow-up strategy and method will be selected. Because of this, 

children without short-term neurological abnormalities, but with long-term intellectual, 

verbal and motor deficits are missed in the DUBLIN study because they were not followed 

long-term. Another strength is that the authors decided to extend the follow-up to the age 

of four which is legitimated by the fact that the age of one is too young an age at which 

to exclude a diagnosis with cerebral palsy with confidence. Nevertheless, they could have 

considered not to assess the children at the age of one and only at the age of four at the 

start of the original trial because cerebral palsy was their primary long-term outcome. A 

strength is also that the trialist were aware of the fact that children without short-term 

neurological abnormalities could also develop cerebral palsy. They have overcome this 

problem by searching for these when they were referred to specialist clinics. 

Follow-up methods used: strengths, weaknesses & suggestions
A strength of this study is that they collected information through psychological and 

neurological assessments at one and four year of age in babies who survived seizures 

and other simultaneous abnormalities of tone and reflexes in the neonatal period. As 

mentioned above, through such assessments also mild neurological problems can be 
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detected. If the relation between asphyxia and increased risk for long-term intellectual, 

verbal and motor deficits was already known at the start of the study, the researchers 

perhaps would have selected other assessments, as for example an IQ test, in their follow-

up protocol.

Strategy III: Only long-term follow-up of random sample of children participating in the 

original RCT.

Clinical example: the HUNGARIAN study 14,15

Study objective
The HUNGARIAN study is an example of a large obstetric  RCT in which only a random sample 

of infants is followed long-term (n=4753). This RCT evaluated the use of periconceptional 

multivitamin supplementation in reducing the incidence of a first occurrence of neural-tube 

defects. Women planning a - in most cases their first - pregnancy were randomly assigned 

to receive a single tablet of a vitamin supplement (containing 12 vitamins, including 0.8 mg 

of folic acid; 4 minerals; and 3 trace elements) or a trace-element supplement (containing 

copper, manganese, zinc, and a very low dose of vitamin C) daily for at least one month 

before conception and until the date of the second missed menstrual period or later.

Short-term results
Pregnancy was confirmed in 4,753 women. Six cases of neural-tube defects were reported 

in the group receiving the trace-element supplement, as compared with none in the 

vitamin-supplement group (P = 0.029). Given these results, the authors recommend that 

all women planning pregnancy should receive a vitamin supplement including folic acid. 

Follow-up strategy
Because of this effectiveness and the subsequently expected widespread use of 

periconceptional folic acid/multivitamin supplementation, impacts of this new primary 

preventive method had to be carefully evaluated and follow-up was planned at 2 and 6 

years of age. Four hundred children in the intervention group and 400 control children 

were randomly selected with equal sex distribution for the age group of 2 and 6 years of 

age. No power calculation is mentioned in the article. 

Follow-up methods used
Children were examined by the following methods: evaluation of available medical records, 

general paediatric examination (including neurological examination), anthropometric 

examination, audiological and ophthalmological examination, mental development at two 

years of age (Brunet-Lezine method) and IQ at 6 years of age (Binet test). 

Long-term results
Of 800 invited children, 625 children participated in the long-term follow-up examinations. 

The results showed no differences in the rate and distribution of disorders including allergies 

(except otitis media), audiological and ophthalmological anomalies, anthropometric and 
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mental development and IQ between children who belonged to the multivitamin or trace 

element group. 

Strengths, weaknesses & suggestions

Follow-up strategy: strengths, weaknesses & suggestions
A strength of this study is that the trialist decided to perform long-term follow-up because 

they were aware of the fact that the impacts of this new widespread primary preventive 

method had to be carefully evaluated. It is not clear whether the trialists decided to 

perform long-term follow-up at the start of the original trial. The disadvantage of not 

planning follow-up at the start of the trial, is that it will hampers the use of adequate 

arrangements for informed consent, and therefore often results in incomplete follow-

up. Furthermore, there is an economical advantage of choosing only a random sample 

for follow-up. With this follow-up strategy money is saved because fewer children have 

to undergo an assessment. Nevertheless, this strategy can also be a weakness because 

enough children have to be included in the follow-up to detect a significant difference 

between the long-term outcomes of the two groups of the study. In the article the authors 

didn’t mention a power calculation for the long-term outcomes.

Follow-up methods used: strengths, weaknesses & suggestions
A strength in this study is the follow-up method that is used. Not only parental 

questionnaires were used, but also developmental and IQ test were assessed.

Discussion

We discussed three different follow-up strategies, and illustrated each with an example 

of a large obstetric RCT followed by child follow-up. In summary, the decision whether 

follow-up is necessary and what strategy is most appropriate, seems to come down to four 

considerations: 

I. Whether there is a  relation between short-term and long-term outcomes.

II. Whether questionnaire based information is sufficient or whether physical assessments

are required in all or part of the follow-up sample.

III. What health information is required and the age at which the relevant outcomes can be

appropriately measured.

IV. Whether the decision based on short-term results would change current practice.

All three strategies discussed presume that knowledge on the association between 

short-term and long-term outcomes is lacking, otherwise extrapolation of short-term 

findings to the long-term would suffice. At present, this is the case for most short-term 
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perinatal outcomes, so for the time being empirical long-term follow-up measurements 

should be seriously considered for trials on perinatal interventions. 

When more information about long-term child outcomes becomes available, one can 

explore the association between short-term and long-term child outcomes. These 

associations can then be used to develop prediction models for different long-term 

child outcomes 16,17. As far as we know, such prediction models for long-term child 

outcome do not exist, but these models have the potential to be a good alternative 

strategy for follow-up, especially when there are time and money restraints. Nevertheless, 

the development of such models requires large birth cohorts, in which data surrounding 

pregnancy, delivery and short-term outcomes are available, as well as follow-up data on 

various health related outcomes. More long-term data is even required for the external 

validation of these models because prediction models are known to be optimised for the 

specific dataset in which they have been derived and external validation is required to 

correct for this overfit bias 18. Acquiring this long-term information is expensive, but can 

be cost-effective on the long-term. By using the models for extrapolation of short-term 

outcomes to a long-term horizon, less children have to be followed long-term. 

We advise every trialist to consider long-term follow-up at the start of the original 

randomized controlled trial (table 1). Depending on the type of intervention trialists have 

to decide if long-term follow-up is necessary for fully evaluating the consequences of 

the intervention. If so, one has to determine which long-term outcome(s) are relevant, 

taking the pathophysiological mechanism of the intervention into account. In addition, the 

choice for particular long-term outcomes may also have implications for the timing of the 

follow-up, e.g. at what age the follow-up has to take place. For example, IQ can only be 

measured accurately from the age of 5. Thereafter, the decision has to be made how many 

children have to be followed long-term to receive an answer to the primary study question. 

A power calculation for the long-term outcome should be considered. 

.

proefschrift Teune.indb   118 16-5-2013   13:01:30

Teune_PROEF (all).ps Back - 59     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Different follow-up strategies after obstetric studies

119

Chapter

7

Table 1: Different strategies for long-term child follow-up

Start of original RCT

1.Is long-term child follow-up relevant? Yes → question 2

Considerations: No → no planning of follow-up

Type of intervention; does the intervention have the 
potency to influence long-term outcomes, taking the 
pathophysiological background of the intervention into 
account.

2.Determine long-term outcome(s) Considerations

Again, take the pathophysiological background of 
the intervention into account. Does the intervention 
influences growth, hearing or vision, neurological 
development, IQ etc.

3.Determine the duration of follow-up Considerations

Duration of follow-up depends on the long-term 
outcome. For example, a definitive diagnosis of cerebral 
palsy can be made at the age of two, IQ can be 
measured adequate at the age of 5 etc. 

4.Determine how many children have to be
followed long-term

Considerations
Three options:

A; follow all children long-term

B: follow only children long-term with abnormal short-
term outcomes

C: follow a random sample of children long-term

- Consider a power calculation for long-term outcome (s)

- Consider also no long-term follow-up if no differences 
in short-term outcomes are found in both arms of the 
study and current clinical practice will not change.

5.Determine which follow-up methods will be used Considerations

The optimal method depends of the type of the long-
term outcome(s): physical examinations, neurological 
examination, questionnaires, visual and hearing 
assessments, neurological assessments (motor 
development, mental development), IQ test etc
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Summary

This thesis focuses on long-term child follow-up after obstetric studies. Obstetric 

randomized controlled clinical trials (RCTs) are performed to evaluate the effectiveness 

of perinatal interventions. However, most often only short-term outcomes are reported, 

while long-term outcomes are just as important because serious sequelae from perinatal 

complications frequently manifest themselves only after several years. 

In this thesis we aimed (1) to assess the current state of affairs concerning follow-up 

after obstetric RCTs, (2) to explore the possibilities for development of prediction models 

for different long-term child outcomes using existing cohort data and (3) to discuss the 

possibilities to formulate a brief guideline for long-term follow-up to facilitate future clinical 

trialists in their decisions on the need for long-term follow-up.

In chapter 2 we presented an outline of the thesis in our study protocol. We announced a 

systematic review of neonatal follow-up after obstetric studies, in order to provide insight 

in the extent and methods used for follow-up assessments after obstetric RCTs in the 

past. Furthermore, we planned to develop multivariable prediction models for different 

long-term health outcomes. We also encouraged other researchers participating in follow-

up studies after large obstetric trials (> 350 women) to inform us about their studies so 

that we could include their follow-up study in our systematic review and we invited these 

researchers to join our effort and to collaborate with us on the external validation of our 

prediction models. 

Chapter 3 presents a systematic review on long-term follow-up after large obstetric RCTs 

(> 350 women). In total, 212 reviews including 1,837 RCTs on perinatal interventions 

were studied, of which 249 (14%) included > 350 participants. Only 40/249 RCTs (16%) 

followed the children after discharge from the hospital to evaluate the effect of a specific 

perinatal intervention. The number of RCTs with long-term follow-up remained stable 

with 10 out of 67 RCTs (15%) that reported follow-up before 1990, 17 out of 115 (15%) 

between 1990-2000 and 13 out of 67 (19%) after 2000 (p=0.68). This review shows also 

that methods used for children’s follow-up are inconsistent. Choices need to be made, 

especially when there is limiting funding, concerning whether to use questionnaires and/or 

assessments as follow-up tool and also the optimal age has to be determined. It would be 

a step forward if RCTs around the world would use a similar follow-up protocol.

In chapter 4 a systematic review is presented that summarizes the short and/or long-term 

morbidity of late preterm infants (34 weeks and 0/7 days through 36 weeks and 6/7 

days). Late preterm infants account for about 74% of all preterm births and about 8% of 

all births and are the fastest increasing and largest proportion of singleton preterm births. 

We identified 22 studies studying 29,375,675 infants. Compared with infants born at term, 
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infants born late preterm were more likely to suffer poorer short-term outcomes such as 

respiratory distress syndrome (RR 17.3, 95% CI 9.8 to 30.6), intraventricular haemorrhage 

(RR 4.9, 95% 2.1 to 11.7) and death before 28 days (RR 5.9, 95% CI 5.2 to 6.8). Beyond 

the neonatal period, late preterm infants were more likely to die in the first year (RR 3.7, 

95% CI 2.9 to 4.6) and to suffer from cerebral palsy (RR 3.1, 95% CI 2.3 to 4.2). Although 

the absolute incidence of neonatal mortality and morbidity in infants born late preterm is 

low, this review shows that its incidence is significantly increased as compared with infants 

born at term. We hope that the findings of this study will contribute toward determining 

the optimal obstetrical management as obstetricians and other clinicians weigh the risks 

and benefits to mother and child.

In chapter 5 we identified risk-indicators for neurological morbidity and we used these 

risk-indicators to develop prediction models for long-term neurological morbidity at 2 and 

5 year of age. Neonates born in The Netherlands in 1983 with a gestational age < 34 

weeks and without congenital abnormalities were included (n=753). Infants were divided 

in three groups; no handicap, minor handicap and major handicap. Common significant 

risk-indicators for major handicaps at 2 and 5 year of age were male gender (OR 2.7, 95% 

CI 1.2 to 5.8; OR 3.0, 95% 1.1 to 8.0), seizures after ≥ 2 days of life (OR 5.8, 95% CI 1.9 

to 17.8; OR 5.8, 95% 1.9 to 17.9) and intracranial haemorrhage (OR 3.8, 95% CI 1.6 to 

9.1; OR 2.6, 95% 1.02 to 6.8). The prediction models for major handicaps discriminated 

modestly well between diseased and non-diseased with an area under the curve (AUC) of 

0.76 (95% CI 0.69 to 0.83) at 2 years of age and an AUC of 0.74 (95% CI 0.67 to 0.81). 

Overall, the prediction models showed good calibration. Before our prediction models can 

be used in future obstetric studies to extrapolate the short-term neonatal outcomes to a 

longer study horizon they should be validated in more recent cohorts to investigate if the 

same risk-indicators for neurological morbidity are found.  

In chapter 6 we identified risk-indicators for respiratory morbidity at 2, 5 and 19 years of 

age and this time we used these risk-indicators to develop prediction models for long-term 

respiratory morbidity. A common risk-indicator for respiratory morbidity at 2 and 5 years 

of age was bronchopulmonary dysplasia (OR 1.9, 95% CI 1.1 to 3.2; OR 1.8, 95% CI 1.1 to 

3.0). Surprisingly, respiratory distress syndrome (RDS) seems not to be a risk-indicator for 

respiratory morbidity at all three ages in this cohort (OR 1.2, 95% 0.88 to 1.7; 1.3, 95% 

0,88 to 2.0; OR 0.91, 95% 0.56 to 1.5 respectively). The areas under the curves (AUC) 

were 0.65 (95% CI 0.61 to 0.68), 0.71 (95% CI 0.66 to 0.75) and 0.61 (95% CI 0.56 to 

0.66) respectively. The prediction models for respiratory morbidity at 2 and 5 years of age 

showed a good calibration, while the calibration plot for respiratory morbidity at 19 year 

was less optimal. Future obstetric studies interested in the effect of a specific perinatal 

intervention on long-term respiratory morbidity, should consider taking bronchopulmonary 

dysplasia (BPD) as primary outcome instead of RDS.
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Chapter 7 discussed three follow-up strategies derived from three large obstetric studies 

with long-term follow-up performed in the past. To facilitate future trialist we summarized 

pros and cons of different strategies and provided a brief guideline to be of help in their 

decision making on long-term follow-up.
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General discussion and implications for clinical 
practice and future research

The work presented in this thesis focuses on long-term child follow-up after obstetric 

studies. In recent years, there has been an increasing awareness in the importance of 

long-term child follow-up after obstetric studies. While in the past the majority of large 

obstetric studies did not perform long-term child follow-up, there is nowadays a tendency 

to plan long-term follow-up of all children in each study, sometimes even leading to designs 

where short-term outcomes are only reported together with long-term outcomes, as the 

allocation remain undisclosed until the primary endpoint is known, sometimes taking two 

year follow-up or even longer 1,2.

The difficulty of long-term follow-up is that it is expensive, logistically difficult and 

time-consuming, which makes it important to pose the question if long-term follow-up 

of all children in each study is feasible and always necessary and therefore alternative 

strategies, in addition to follow-up of all children, must be considered. It is clear that 

at present there is no consensus worldwide on how long-term child follow-up should 

be performed. This thesis aims to make a step towards such a consensus. The decision 

whether follow-up is necessary and what strategy is most appropriate, seems to come 

down to four considerations: 

I. Whether there is a relation between short-term and long-term outcomes.

II. Whether questionnaire based information is sufficient or whether physical assessments

are required in all or part of the follow-up sample.

III. What health information is required and at which age the relevant outcomes can be

appropriately measured.

IV. Whether the decision based on short-term results would change current practice.

When knowledge on the association between short-term and long-term outcomes is 

lacking, extrapolation of short-term findings to the long-term will not suffice. At present, 

this is the case for most short-term perinatal outcomes, so for the time being empirical 

long-term follow-up measurements should be seriously considered for trials on perinatal 

interventions. 

When more information about long-term child outcomes becomes available, one can 

explore the association between short-term and long-term child outcomes and prediction 

models for long-term child outcomes based on these short-term outcomes can be 

developed. With exception of the prediction models for long-term child outcomes we 

recently have published, as far as we know, no other prediction models for long-term child 

outcomes exists 3,4. We think however that such models have the potential to be a good 

alternative strategy for follow-up, provided that they are developed with accurate data. 
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As a consequence, the development of such models requires large birth cohorts, in which 

data surrounding pregnancy, delivery and short-term outcomes are available, as well as 

follow-up data on various health related outcomes. More long-term data is even required 

for the external validation of these models because prediction models are known to be 

optimised for the specific dataset in which they have been derived and external validation 

is required to correct for this bias due to overfitting 5. At present, many large randomized 

controlled trials with long-term child follow-up are underway in The Netherlands and these 

data can be used for the developing of new prediction models, but also for the external 

validation of our recently published models 6,7,8. 

An alternative solution for acquiring data of long-term child outcomes would be to 

register long-term outcomes of all children in a national registry. For short-term outcomes 

there already exists such a registry. The Netherlands Perinatal Registry (PRN) consists 

of population-based data containing information on pregnancies, deliveries and (re) 

admissions until 28 days after birth. The PRN database is obtained by a validated linkage of 

three different registries: the midwifery registry (LVR1), the obstetrics registry (LVR2) and 

the neonatology registry (LNR) of hospital admissions of newborns. The coverage of the 

PRN registry is about 96% of all deliveries in the Netherlands. 

Ideally, also long-term outcomes would be added to this registry, as is the case in 

Scandinavian countries. For example, every baby born in Denmark is included in the Danish 

Medical Birth Registry, a comprehensive electronic record of birth details. As babies grow 

older, more than 200 linked electronic registries keep track of every encounter with the 

nationalized medical establishment, recording every condition diagnosed and every drug 

prescribed 9,10,11. 

In The Netherlands each child visits the Well Child Centers regularly till the age of four. 

During these visits, the growth of the child is checked, visual and hearing tests are 

performed, but also the development of the child is monitored. A limitation is however that 

these Well Child Centers perform only screening tests and have a limited time schedule to 

children, in which children may not want to perform. Additional funds will thus be needed 

to develop a test that obtains more valid information and for data base management, but 

then more data about long-term child outcomes could be easily obtained. Furthermore, in 

The Netherlands a CITO test is administered in every child from 5 years onwards and at the 

end of primary school. The result of at least the final CITO test provides valid information 

on school performance. 

If all of this information could be linked to the PRN database, it would be a major step 

forwards to acquire more information about long-term child outcomes. A first step forward 

is recently made, because they started to register long-term outcomes of very preterm 

infants at 2 years of age in the PRN database in The Netherlands. With gaining more 
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knowledge about the association between short and long-term child outcomes, we will 

be able to evaluate perinatal interventions more correctly and this will benefit the health 

of mother and child.  
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Nederlandse samenvatting

Dit proefschrift focust op de lange termijn follow-up van kinderen na obstetrische studies. 

Obstetrische gerandomiseerde gecontroleerde studies (RCTs) worden uitgevoerd om 

de effectiviteit van perinatale interventies te evalueren. Meestal worden echter alleen 

de korte termijn uitkomsten van deze kinderen gerapporteerd, terwijl lange termijn 

uitkomsten minstens zo belangrijk zijn omdat nadelige gevolgen zich vaak pas na enkele 

jaren manifesteren. 

In dit proefschrift richten we ons op (1) het in kaart brengen van de huidige stand van zaken 

omtrent lange termijn follow-up van kinderen na obstetrische studies, (2) het exploreren 

van de mogelijkheid tot het ontwikkelen van predictiemodellen voor verschillende lange 

termijn uitkomsten van kinderen, gebruikmakend van data van een reeds bestaand cohort, 

(3) de mogelijkheid tot het ontwikkelen van een korte richtlijn voor lange termijn follow-

up die toekomstige onderzoekers tot hulp kan zijn in hun besluiten omtrent de noodzaak 

tot lange termijn follow-up. 

In hoofdstuk 2 presenteren we ons studie protocol. We kondigen hierin een systematisch 

review aan over neonatale follow-up na obstetrische studies met als doel inzicht te 

verkrijgen in de frequentie van lange termijn follow-up van kinderen in het verleden en 

welke follow-up methoden hierbij zijn gebruikt. Daarnaast kondigen we het plan aan 

om multivariabele predictiemodellen te ontwikkelen voor verschillende lange termijn 

gezondheidsuitkomsten. Tevens moedigen we andere onderzoekers aan, die participeren 

in follow-up studies na grote obstetrische RCTs, om ons te informeren over hun studies 

zodat we deze studies kunnen includeren in ons systematische review. Ook nodigen we 

deze onderzoekers uit met ons samen te werken in het kader van de externe validatie van 

onze predictiemodellen. 

In hoofdstuk 3 presenteren we een systematische review over lange termijn follow-up 

na grote obstetrische RCTs (> 350 vrouwen). In totaal zijn er 212 reviews bekeken. Deze 

reviews bestonden uit 1837 RCTs over perinatale interventies, waarvan 249 RCTs meer dan 

350 vrouwen hebben geïncludeerd. Slechts 40/249 van deze RCTs (16%) hebben kinderen 

vervolgd na ontslag uit het ziekenhuis om de effectiviteit van een specifieke perinatale 

interventie te evalueren. Het aantal RCTs met lange termijn follow-up is over de jaren heen 

stabiel gebleven; 10 van de 67 RCTs (15%) van voor 1990 rapporteerden lange termijn 

uitkomsten, 17 van 115 (15%) tussen 1990-2000 en 13 van 67 RCTs na 2000 (p=0.68). 

Tevens toont dit review aan dat de gebruikte methoden voor lange termijn follow-up 

inconsistent is. Keuzes zullen gemaakt moeten worden, helemaal als er beperkt geld 

beschikbaar is, omtrent de follow-up methoden (vragenlijsten en/of fysieke onderzoeken) 

en ook de optimale leeftijd van follow-up moet bepaald worden. Het zou een stap vooruit 

zijn wanneer RCTs wereldwijd hetzelfde follow-up protocol zouden gebruiken. 
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In hoofdstuk 4 wordt een systematische review gepresenteerd dat de korte- en lange 

termijn morbiditeit van late preterme kinderen (34 weken en 0 dagen tot 36 weken en 

6 dagen) weergeeft. Van alle vroeggeboortes bestaat 74% uit late preterme kinderen 

en dit is 8% van alle geboortes. Late preterme kinderen zijn de snelst groeiende groep 

onder eenling vroeggeboortes. We identificeerden 22 studies die in totaal 29,375,675 

kinderen bestudeerden. Vergeleken met aterm geboren kinderen hebben late preterme 

kinderen een groter risico op slechte korte termijn uitkomsten zoals het respiratoire 

distress syndroom (RR 17.3, 95% BI 9.8 tot 30.6), intraventriculaire bloedingen (RR 4.9, 

95% BI 2.1 tot 11.7) en neonatale sterfte (RR 5.9, 95% BI 5.2 tot 6.8). Na de neonatale 

periode hebben deze kinderen meer kans om te sterven voor hun eerste levensjaar (RR 3.7, 

95% BI 2.9 tot 4.6) of te lijden aan cerebrale parese (RR 3.1, 95% BI 2.3 tot 4.2). Hoewel 

de absolute incidentie van neonatale morbiditeit en mortaliteit bij late preterme kinderen 

laag is, toont dit review aan dat de incidentie hiervan significant is verhoogd vergeleken 

met aterm geboren kinderen. We hopen dat de bevindingen van deze studie bijdraagt 

aan het bepalen van het optimale obstetrische beleid als door obstetrici en andere clinici 

de voor- en nadelen van een perinatale interventie voor moeder en kind moeten worden 

afgewogen.

In hoofdstuk 5 hebben we risico-indicatoren geïdentificeerd voor neurologische 

morbiditeit en vervolgens hebben we deze risico-indicatoren gebruikt voor het 

ontwikkelen van predictie modellen voor neurologische morbiditeit op 2 en 5-jarige 

leeftijd. Neonaten geboren in Nederland in 1983 bij een amenorroeduur van < 34 weken 

en zonder congenitale afwijkingen zijn geïncludeerd (n=753). Deze kinderen zijn verdeeld 

in drie groepen; geen handicap, minor handicap en major handicap. Overeenkomstige 

significante risico-indicatoren voor major handicaps op 2 en 5-jarige leeftijd waren 

mannelijk geslacht (OR 2.7, 95% BI 1.2 tot 5.8; OR 3.0, 95% BI 1.1 tot 8.0), aanwezigheid 

van convulsies na tweede levensdag (OR 5.8, 95% BI 1.9 tot 17.8; OR 5.8, 95% BI 1.9 tot 

17.9) en intracraniële bloedingen (OR 3.8, 95% BI 1.6 tot 9.1; OR 2.6, 95% BI 1.02 tot 6.8). 

De predictie modellen voor major handicaps discrimineerden redelijk goed tussen kinderen 

met en zonder handicaps met een AUC (area under the curve) van 0.76 (95% BI 0.69 tot 

0.83) op 2-jarige leeftijd en een AUC van 0.74 (95% BI 0.67 tot 0.81) op 5-jarige leeftijd. 

De predictie modellen hadden een goede calibratie. Voordat onze predictie modellen door 

toekomstige studies gebruikt kunnen worden om de korte termijn uitkomsten te exploreren 

naar de lange termijn, moeten ze eerst worden gevalideerd met behulp van data van 

meer recente cohorten zodat onderzocht kan worden of dezelfde risico-indicatoren voor 

neurologische morbiditeit worden gevonden. 

In hoofdstuk 6 hebben we vervolgens risico-indicatoren geïdentificeerd voor respiratoire 

morbiditeit op 2, 5 en 19-jarige leeftijd en hebben we deze risico-indicatoren gebruikt 

om predictie modellen te ontwikkelen voor respiratoire morbiditeit later in het leven. Een 
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overeenkomstige risico-indicator voor respiratoire morbiditeit op 2 en 5-jarige leeftijd was 

bronchopulmonaire dysplasie (OR 1.9, 95% BI 1.1 tot 3.2; OR 1.8, 95% BI 1.1 tot 3.0). 

Opvallend was dat het respiratoire distress syndroom (RDS) niet een significante risico-

indicator lijkt te zijn voor respiratoire morbiditeit op alle drie de leeftijden in dit cohort 

(OR 1.2, 95% BI 0.88 tot 1.7; 1.3, 95% BI 0,88 tot 2.0; OR 0.91, 95% BI 0.56 tot 1.5). 

De AUC was 0.65 (95% BI 0.61 tot 0.68), 0.71 (95% BI 0.66 tot 0.75) en 0.61 (95% BI 

0.56 tot 0.66) respectievelijk. De predictie modellen voor respiratoire morbiditeit op 2 en 

5-jarige leeftijd lieten een goede calibratie zien. De calibratie voor respiratoire morbiditeit 

op 19-jarige leeftijd was alleen minder optimaal. Toekomstige studies die geïnteresseerd 

zijn in het effect van een perinatale interventie op de incidentie van respiratoire morbiditeit 

op latere leeftijd, zouden kunnen overwegen om bronchopulmonaire dysplasie als primaire 

uitkomstmaat te nemen in plaats van RDS.  

In hoofdstuk 7 worden verschillende follow-up strategieën besproken aan de hand van 

drie grote obstetrische studies waarna lange termijn follow-up heeft plaatsgevonden. 

Verder wordt er een samenvatting gegeven van de voor- en nadelen van deze verschillende 

strategieën en hebben we gepoogd een korte richtlijn te ontwikkelen die toekomstige 

onderzoekers kan helpen bij hun beslissingen omtrent follow-up. 
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Algemene discussie

Dit proefschrift rapporteert over lange termijn follow-up van kinderen na obstetrische 

studies. De laatste jaren is de belangstelling voor lange termijn follow-up van kinderen na 

obstetrische studies toegenomen. Terwijl in het verleden de meerderheid van studies geen 

lange termijn follow-up uitvoerde, is er tegenwoordig een trend in het doen van lange 

termijn follow-up na iedere obstetrische studie. Dit heeft soms zelfs tot gevolg dat de 

korte termijn uitkomsten van een studie pas op hetzelfde moment gerapporteerd worden 

als de lange termijn uitkomsten en dat het vele jaren duurt voordat het effect van een 

perinatale interventie geëvalueerd kan worden 1,2. 

Lastig aan lange termijn follow-up is dat het kostbaar is, logistiek vaak een uitdaging en 

dat het veel tijd kost. Hierdoor is het belangrijk af te vragen of follow-up van ieder kind na 

elke studie haalbaar en noodzakelijk is en alternatieve strategieën zouden dus overwogen 

moeten worden. Het is duidelijk dat er nog geen wereldwijde consensus is over hoe follow-

up uitgevoerd moet worden. Dit proefschrift heeft als doel een stap in de richting van zo’n 

consensus te maken. Het besluit of follow-up nodig is en welke strategie hiervoor het 

beste is lijkt te kunnen worden samengevat in de volgende vier punten;

I. Is er een relatie tussen de korte en lange termijn uitkomsten?

II. Is informatie verkregen door middel van vragenlijsten toereikend of is er ook lichamelijk

onderzoek nodig bij alle geïncludeerde kinderen of een gedeelte hiervan?

III. Wat voor informatie over de gezondheid van de kinderen is relevant en op welke leeftijd

kan deze informatie accuraat gemeten worden?

IV. Zal de huidige klinische praktijk veranderen op basis van de korte termijn uitkomsten?

Wanneer kennis omtrent de relatie tussen de korte en lange termijn uitkomsten ontbreekt 

zal exploratie van de korte termijn uitkomsten naar de lange termijn niet afdoende zijn. 

Op dit moment is dit het geval voor de meeste korte termijn perinatale uitkomsten zodat 

voorlopig lange termijn follow-up serieus overwogen moet worden na elke obstetrische 

studie waarin het effect van een perinatale interventie wordt geëvalueerd. 

Wanneer meer informatie over de lange termijn uitkomsten van kinderen beschikbaar 

komt kan men de relatie onderzoeken tussen korte en lange termijn uitkomsten en kunnen 

vervolgens predictie modellen voor lange termijn uitkomsten ontwikkeld worden. Met 

uitzondering van de predictiemodellen voor lange termijn uitkomsten van kinderen die 

wij onlangs gepubliceerd hebben, bestaan er voor zover wij weten, geen andere predictie 

modellen voor lange termijn uitkomsten van kinderen 3,4. We zijn echter van mening dat 

zulke modellen in potentie een goed alternatief zouden kunnen zijn voor daadwerkelijke 

follow-up van kinderen, mits deze predictie modellen zijn gebaseerd op accurate cohort 

data. Dit betekent dat grote geboorte cohorten nodig zijn voor het ontwikkelen van zulke 

proefschrift Teune.indb   138 16-5-2013   13:01:31

Teune_PROEF (all).ps Back - 69     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nederlandse samenvatting en algemene discussie

139

Chapter

9

predictie modellen waarin data is verzameld van rondom de zwangerschap en bevalling 

als ook data over de gezondheid van deze kinderen kort na de bevalling en later in het 

leven. Meer data is zelfs nodig om de predictiemodellen vervolgens te kunnen valideren 

omdat bekend is dat zulke modellen vaak te optimistisch zijn voor de dataset waarin ze 

zijn ontwikkeld en dat externe validatie nodig is om te corrigeren voor deze overfitting 
5. Momenteel lopen er in Nederland veel obstetrische studies met lange termijn follow-

up van kinderen en deze gegevens kunnen in de toekomst gebruikt worden voor het 

ontwikkelen van nieuwe predictie modellen, maar ook voor de externe validatie van onze 

recent gepubliceerde modellen 6,7,8.

Een alternatieve manier om meer lange termijn data van kinderen te bemachtigen zou zijn 

om de lange termijn uitkomsten van kinderen te registeren in een nationaal register. Voor 

korte termijn uitkomsten bestaat er al zo’n register. De Perinatale Registratie Nederland 

(PRN) is een database bestaande uit gegevens over zwangerschappen, bevallingen en de 

gezondheidsuitkomsten van kinderen tot 28 dagen na de geboorte. De PRN database 

omvat informatie van ongeveer 96% van alle bevallingen in Nederland. 

Idealiter zouden ook lange termijn uitkomsten van kinderen in deze database geregistreerd 

worden. In Denemarken bijvoorbeeld wordt iedere baby geïncludeerd in de Danish Medical 

Birth Registry, een enorme database die uitgebreide informatie bevat omtrent de geboorte. 

Aan deze database zijn vervolgens 200 elektronische databases gekoppeld zodat ook 

gegevens over de gezondheid van deze kinderen later in het leven bekend zijn 9,10,11. 

In Nederland bezoekt ieder kind tot de leeftijd van 4 jaar regelmatig het consultatiebureau. 

Tijdens ieder bezoek wordt de groei van het kind gecontroleerd, gehoor- en visus testen 

worden uitgevoerd, maar ook de ontwikkeling van het kind wordt gemonitord. Een 

beperking is dat deze consultatiebureaus alleen maar screenen en dat ze per kind maar 

een bepaalde hoeveelheid tijd beschikbaar hebben, waarbij het dus kan gebeuren dat het 

kind niet aan de onderzoeken mee wil werken. Extra subsidie zal dus nodig zijn om een 

test te ontwikkelen waarmee meer accurate informatie verzameld kan worden en ook 

voor de management van zo’n database, maar dan zou er op een relatief gemakkelijke 

manier meer informatie over de lange termijn uitkomsten van kinderen gegenereerd 

kunnen worden. Daarnaast doet ieder kind in Nederland vanaf 5-jarige leeftijd tot aan het 

einde van de basisschool mee aan de CITO test. Het resultaat van deze finale CITO test 

geeft goede informatie over de schoolprestatie van een kind. 

Wanneer al deze informatie aan de PRN database toegevoegd zou kunnen worden, zou dit 

een enorme stap vooruit zijn in het verkrijgen van meer informatie over de lange termijn 

uitkomsten van kinderen. Een eerste stap is recent gemaakt door het registreren van lange 

termijn uitkomsten van extreem vroeg geboren kinderen op 2-jarige leeftijd in de PRN 

database. Met het verkrijgen van meer kennis omtrent de associatie tussen korte en lange 
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termijn uitkomsten van kinderen, zullen we in de toekomst perinatale interventies beter 

kunnen evalueren en dit zal de gezondheid van moeder en kind ten goede komen. 
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maar ik wens je een hele fijne tijd toe samen met je vrouw en dochter in Australië! 

Dr. B.C. Opmeer, beste Brent. Als projectleider ben je nauw betrokken geweest met mijn 

onderzoek. Met name de eerste jaren hebben we samen vele uren achter de computer 

doorgebracht en heb je me enorm op weg geholpen. Mijn onderzoek was niet het meest 

gemakkelijke, aangezien er nog niet veel onderzoek op dit gebied was verricht, maar ik ben 

trots op wat we uiteindelijk hebben bereikt. Dank dat je altijd laagdrempelig bereikbaar 

was en voor je altijd uitgebreide en punctuele feedback op mijn manuscripten.

Dr. A.G. van Wassenaer, beste Aleid. Vanaf het begin van mijn promotie ben jij bij mijn 

onderzoek betrokken geweest, maar halverwege ben je pas mijn co-promotor geworden 

en daar ben ik nog steeds erg blij mee. Dank voor al je input en kennis met betrekking 

tot de ontwikkeling van kinderen, het blijkt maar weer dat gynaecologen (in spe) daar 

toch maar zeer minimaal iets van af weten. Dankbaar ben ik ook voor je snelle feedback 

de laatste maanden, zelfs bij je thuis aan de Abcouse keukentafel, maar zonder deze hulp 

weet ik niet of ik het op tijd had afgekregen. 

De leden van de promotiecommissie: Prof. dr. J.A.M. van der Post, Prof. dr. J.H. Kok, 

Prof. dr. R.J.P.M. Scholten, Prof. dr. C.J. de Groot en Prof. dr. A.L. van Baar wil ik 

bedanken voor het beoordelen van het manuscript en het plaatsnemen in de commissie. I 

would like to thank Prof. dr. Z. Alfirevic for being here today. You are an experts in the 

field and it is a honour that you are one of my opponents. 

Verder wil ik Simone Buitendijk, Paula van Dommelen, Stef van Buuren, Sylvia 

van der Pal, Jack Bennebroek, Nienke Weisglas en alle andere leden van de POPS 

studiegroep bedanken voor hun hulp bij het ontwikkelen van de predictiemodellen en 

voor het beschikbaar stellen van de data. 
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Veel dank gaat ook uit naar de medeauteurs van de verschillende hoofdstukken. In het 

bijzonder wil ik Sabine Bakhuizen bedanken. Als wetenschappelijke stage student heb 

je toch maar mooi een publicatie voor elkaar gekregen en de tweede is onderweg. Ik 

vond het erg leuk om je te begeleiden en te zien hoe snel je kennis met betrekking tot 

onderzoek toenam.

Dank aan alle collega onderzoekers en assistenten van de afdeling Verloskunde & 

Gynaecologie van het AMC (jullie zijn met te veel om allemaal op te noemen!). Mede door 

jullie ervaar ik deze periode als zo leuk en leerzaam. Janneke, ik ben blij dat jij een deel 

van mijn onderzoek gaat voortzetten. Dank voor de prettige samenwerking tot op heden!

Vissenkommers! Lieve Floortje, Katrien, Jolande en Emily, wat heb ik het gezellig met 

jullie gehad op de kamer. Heerlijk was het om altijd even te kunnen spuien en mopperen 

als iets niet helemaal naar wens verliep, maar wat hebben we ook veel gelachen met 

elkaar en veel gezellige dingen gedaan. Ik hoop dat er nog veel gezellige etentjes in de 

toekomst zullen komen! 

Beste poli-medewerkers, verpleegkundigen, verloskundigen, gynaecologen en 

collega arts-assistenten in het ZMC. Dank voor het warme bad waarin ik terecht 

kwam in juli 2011. Ik had me geen betere omgeving kunnen wensen om de opleiding tot 

gynaecoloog te beginnen! Ik zal jullie missen! Beste Neriman, ik was je eerste AIOS nadat 

je opleidster was geworden in het ZMC. Dank voor je goede begeleiding. Niet alleen was 

je geïnteresseerd in mijn vak technische vaardigheden, maar ook in de mens achter de 

arts. Heel fijn hoe je de laatste maanden met me meedacht hoe ik opleiding, promotie en 

zwangerschap het beste kon combineren!

Haagse chica’s! Lieve Ardi en Annette, wat is het fijn om jullie als vriendinnetjes te 

hebben! Ar, je bent m’n oudste vriendinnetje, ik ken je al vanaf de peuterschool. Samen 

zijn we naar het Haganum gegaan en daarna hebben we Economie gestudeerd in A’dam 

(jij weliswaar een jaartje later) en hebben we 5 jaar samen in de Ruysdaelstraat gewoond. 

Vervolgens ben je voor een aantal jaren verhuisd naar Amerika, maar dat heeft onze 

vriendschap nooit veranderd. Ik weet dan ook zeker dat we elkaar nooit uit het oog zullen 

verliezen! Annet, ik ken je natuurlijk ook al vanuit Den Haag, maar onze vriendschap is pas 

echt gegroeid toen we gingen studeren in A’dam. Wat hebben we een leuke studenten tijd 

gehad, maar ik kijk ook erg uit naar de komende periode, gezellig op onze parttime dag 

met de kids op pad! Heel fijn om je momenteel zo happy te zien met Joris en Sebastiaan, 

alias “Basje” en je nieuwe baan in de VU en het Amstelland ziekenhuis. 

Lieve Stephanie & Roeland, wat ben ik blij met onze vriendschap! Steef, jou heb ik 

leren kennen toen ik ging studeren in Adam. Wat hebben we sindsdien veel leuke dingen 
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gedaan; wit biertjes drinkend in de zon op het terras, weekendjes Langweer en te veel 

vakanties om op te noemen. Roel, jou ken ik als één van de beste vriendjes van Steven, 

menig avondmaal hebben we met elkaar genuttigd toen je nog met Steven in De Pijp 

woonde. Nooit had ik echter kunnen dromen dat de koppel actie van Steven en mij aan 

onze eettafel november 2007 zo succesvol zou zijn. Blij word ik ervan jullie zo gelukkig te 

zien, ook samen met die prachtige dochters van jullie, Lieke en sinds kort Sabine. Ik hoop 

dat we nog veel mooie dingen met elkaar gaan beleven de komende jaren!

Lieve Vanessa, wij kennen elkaar ook sinds het moment dat we zijn gaan studeren in 

A’dam. Ik kijk er naar uit om je bruidsmeisje te zijn op je huwelijk, de dag na mijn promotie. 

Ik weet zeker dat het een prachtige dag wordt en dat je erg gelukkig zult worden met 

Otto!

De drie musketiers! Lieve Jooske en Lisette, jullie vriendschap is me dierbaar. Urenlang 

kunnen we allerlei medische dingen met elkaar bespreken, want dat krijg als je een 

neuroloog, chirurg en gynaecoloog in spe bij elkaar aan tafel zet, maar dat is allang niet meer 

het enige wat ons bindt. Lis, ik bewonder je tomeloze energie en doorzettingsvermogen, 

ik ken niemand die zo snel en met zoveel artikelen is gepromoveerd. Ook moet ik lachend 

terug denken aan onze stapavondjes tot diep in de nacht, jij altijd in voor een feestje, 

ook al moest je de volgende dag weer vroeg op. Joos, wat bijzonder dat we nu tegelijk 

zwanger zijn, jij 4 weekjes langer dan ik, heel leuk om deze bijzondere gebeurtenis zo 

close met iemand te kunnen delen. Ik hoop wel dat de weekendjes Goedereede met 

zijn 3-tjes (eventueel samen met de rest van de groeiende aanhang) een jaarlijkse traditie 

zullen blijven!

Lieve Bart & Regina, we zien elkaar niet heel vaak, maar als we elkaar zien dan doen we 

het meteen goed. Uitgebreide etentjes, weekendjes weg naar Brussel of recent Dublin, 

skiën in Ischgl of lekker relaxen in Ostra. Laten we dit vooral blijven doen!

Lieve Floortje, tegelijk zijn we begonnen als promovenda en ANIOS in het AMC. Niks 

is fijner om alles te kunnen delen met iemand die precies hetzelfde meemaakt. En wat 

hebben ook een leuke week in Londen gehad toen we de MRCOG cursus daar volgde. 

Knap vind ik het hoe je alles zo goed combineert; opleiding, promotieonderzoek en je 

zoontje Krijn. En ook nog altijd tijd voor een uitgebreid sociaal leven! Lieve Katrien, je 

was mijn onderzoeksbuddy en wat had ik zonder je gemoeten! Zo fijn dat ik altijd bij 

je terecht kon om even te brainstormen over mijn onderzoek. Maar daarnaast was het 

ook altijd super gezellig en ik kijk ernaar uit dat ik je weer vaker zal zien nu ik weer ga 

beginnen in het AMC. Vol vertrouwen ga ik mijn promotie tegemoet met jullie aan mijn 

zijde! Verwacht natuurlijk wel mooie jurkjes en bijpassende hippe hakken!
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Lieve schoonfamilie, Annelies & Maarten, Bart & Sandra en Tom & Anna. Dank voor 

alle leuke momenten die we met elkaar hebben meegemaakt. Ik hoop dat er nog vele 

zullen komen!

Annemieke en Lesley! Lief zusje, want dat zal je altijd blijven, ook al ben je maar 2 

jaartjes jonger. Naast dat je m’n zusje bent, ben je ook mijn beste vriendinnetje. Ik weet 

dat ik altijd bij je terecht kan in voor- en tegenspoed en dat is een heel fijn gevoel. En ik 

weet niet hoe je het voor elkaar hebt gekregen, maar het is je gelukt je prins op het witte 

paard te vinden die op dezelfde dag jarig is als ik, namelijk 18 januari, dat kan dus alleen 

maar een leuke en coole vent zijn (en dat is ook zo!). Dat jullie erg gelukkig zijn met elkaar 

is duidelijk. En zoals Miek het altijd zegt, I love you guys!

Lieve pap & mam, opa & oma in spe, wat bof ik met jullie! Buiten het feit dat ik een 

heerlijke jeugd heb gehad, ben ik jullie dankbaar voor jullie onvoorwaardelijke steun en 

liefde. Jullie hebben altijd achter me gestaan, ook toen ik besloot na 4 jaar Economie te 

hebben gestudeerd (omdat ik 4x was uitgeloot voor Geneeskunde), toch nog te beginnen 

aan Geneeskunde. En nog steeds staan jullie altijd voor me klaar als ik advies of hulp nodig 

heb. Ik hoop dat we nog vele mooie en bijzondere momenten met elkaar gaan meemaken 

in de toekomst! Ook in ons familiehuisje in Goedereede!

Last but not least, lieve Steef, wat maak je me gelukkig! Drie jaar geleden ben je begonnen 

met je eigen bedrijf en ik ben apetrots op wat je bereikt hebt met WEBR in zo’n korte 

tijd, het ondernemerschap is je echt op het lijf geschreven! Je bent mijn maatje en met 

niemand kan ik zo lachen of mezelf zijn. Ik geniet van ons leven samen, ons heerlijke huis 

in Abcoude, uitgebreide dinertjes met familie en vrienden aan onze keukentafel, onze 

prachtige vakanties, duiken met manta’s in Bali, zelf houtoven pizza’s bakken in Ostra, 

spelen met F&F en naar de Chinees in het dorp op vrijdagavond, kortom, te veel om op te 

noemen. Ik hou van je en ik kijk uit naar de toekomst!
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