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Chapter 3

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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Chapter 3

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.  

proefschrift Teune.indb   40 16-5-2013   13:01:19

Teune_PROEF (all).ps Back - 20     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Long-term child follow-up after large obstetric RCTs for evaluation of perinatal interventions

41

Chapter

3

References

1. National institute of Child Health and development. Follow-up care of high-risk infants. Pediatrics

2004; 114(5):1377-1397.

2. Doyle LW. Antenatal progesterone to prevent preterm birth. Lancet 2009;373(9680):2000-2002.

3. Australian collaborative trial of antenatal thyrotropin-releasing hormone (ACTOBAT) for prevention of

neonatal respiratory disease. Lancet 1995;345(8954):877-882.

4. Crowther CA, Hiller JE, Haslam RR, Robinson JS. Australian Collaborative Trial of Antenatal Thyrotropin-

Releasing Hormone: adverse effects at 12-month follow-up. ACTOBAT Study Group. Pediatrics

1997;99(3):311-317.

5. Dieckmann WJ, Davis ME, Rynkiewicz LM, Pottinger RE. Does the administration of diethylstilbestrol

during pregnancy have therapeutic value? Am J Obstet Gynecol 1953;66(5):1062-1081.

6. Hornsby PP, Wilcox AJ, Weinberg CR, Herbst AL. Effects on the menstrual cycle of in utero exposure

to diethylstilbestrol. Am J Obstet Gynecol 1994;170(3):709-715.

7. Hornsby PP, Wilcox AJ, Herbst AL. Onset of menopause in women exposed to diethylstilbestrol in

utero. Am J Obstet Gynecol 1995;172(1 Pt 1):92-95.

8. Kenyon S, Pike K, Jones DR et al. Childhood outcomes after prescription of antibiotics to pregnant

women with spontaneous preterm labour: 7-year follow-up of the ORACLE II trial. Lancet

2008;372(9646):1319-1327.

9. Kenyon SL, Taylor DJ, Tarnow-Mordi W. Broad-spectrum antibiotics for spontaneous preterm labour:

the ORACLE II randomised trial. ORACLE Collaborative Group. Lancet 2001;357(9261):989-994.

10. Senekjian EK, Potkul RK, Frey K, Herbst AL. Infertility among daughters either exposed or not exposed

to diethylstilbestrol. Am J Obstet Gynecol 1988;158(3 Pt 1):493-498.

11. Bakketeig LS, Eik-Nes SH, Jacobsen G et al. Randomised controlled trial of ultrasonographic screening

in pregnancy. Lancet 1984;2(8396):207-211.

12. Eik-Nes SH, Salvesen KA, Okland O, Vatten LJ. Routine ultrasound fetal examination in pregnancy: the

‘Alesund’ randomized controlled trial. Ultrasound Obstet Gynecol 2000;15(6):473-478.

13. Belizan JM, Villar J, Gonzalez L, Campodonico L, Bergel E. Calcium supplementation to prevent

hypertensive disorders of pregnancy. N Engl J Med 1991;325(20):1399-1405.

14. Ceesay SM, Prentice AM, Cole TJ et al. Effects on birth weight and perinatal mortality of maternal

dietary supplements in rural Gambia: 5 year randomised controlled trial. BMJ 1997;315(7111):786-

790.

15. Chaparro CM, Neufeld LM, Tena AG, Eguia-Liz CR, Dewey KG. Effect of timing of umbilical cord

clamping on iron status in Mexican infants: a randomised controlled trial. Lancet 2006;367(9527):1997-

2004.

16. Christian P, West KP, Khatry SK et al. Effects of maternal micronutrient supplementation on fetal loss

and infant mortality: a cluster-randomized trial in Nepal. Am J Clin Nutr 2003;78(6):1194-1202.

proefschrift Teune.indb   41 16-5-2013   13:01:19

Teune_PROEF (all).ps Front - 21     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

42

Chapter 3

17. CLASP: a randomised trial of low-dose aspirin for the prevention and treatment of pre-eclampsia

among 9364 pregnant women. CLASP (Collaborative Low-dose Aspirin Study in Pregnancy)

Collaborative Group. Lancet 1994;343(8898):619-629.

18. Effect of antenatal dexamethasone administration on the prevention of respiratory distress syndrome.

Am J Obstet Gynecol 1981;141(3):276-287.

19. Crowther CA, Hiller JE, Pridmore B et al. Calcium supplementation in nulliparous women for the

prevention of pregnancy-induced hypertension, preeclampsia and preterm birth: an Australian

randomized trial. FRACOG and the ACT Study Group. Aust N Z J Obstet Gynaecol 1999;39(1):12-18.

20. Crowther CA, Hiller JE, Doyle LW, Haslam RR. Effect of magnesium sulfate given for neuroprotection

before preterm birth: a randomized controlled trial. JAMA 2003;290(20):2669-2676.

21. Crowther CA, Haslam RR, Hiller JE, Doyle LW, Robinson JS. Neonatal respiratory distress

syndrome after repeat exposure to antenatal corticosteroids: a randomised controlled trial. Lancet

2006;367(9526):1913-1919.

22. Czeizel AE, Dudas I, Metneki J. Pregnancy outcomes in a randomised controlled trial of periconceptional

multivitamin supplementation. Final report. Arch Gynecol Obstet 1994;255(3):131-139.

23. Goldenberg RL, Tamura T, Neggers Y et al. The effect of zinc supplementation on pregnancy outcome.

JAMA 1995;274(6):463-468.

24. Hannah ME, Hannah WJ, Hewson SA, Hodnett ED, Saigal S, Willan AR. Planned caesarean section

versus planned vaginal birth for breech presentation at term: a randomised multicentre trial. Term

Breech Trial Collaborative Group. Lancet 2000;356(9239):1375-1383.

25. Haverkamp AD, Orleans M, Langendoerfer S, McFee J, Murphy J, Thompson HE. A controlled trial of

the differential effects of intrapartum fetal monitoring. Am J Obstet Gynecol 1979;134(4):399-412.

26. Low-dose aspirin in prevention and treatment of intrauterine growth retardation and pregnancy-

induced hypertension. Italian study of aspirin in pregnancy. Lancet 1993;341(8842):396-400.

27. Kenyon SL, Taylor DJ, Tarnow-Mordi W. Broad-spectrum antibiotics for preterm, prelabour

rupture of fetal membranes: the ORACLE I randomised trial. ORACLE Collaborative Group. Lancet

2001;357(9261):979-988.

28. Kumwenda N, Miotti PG, Taha TE et al. Antenatal vitamin A supplementation increases birth weight

and decreases anemia among infants born to human immunodeficiency virus-infected women in

Malawi. Clin Infect Dis 2002;35(5):618-624.

29. Levine RJ, Hauth JC, Curet LB et al. Trial of calcium to prevent preeclampsia. N Engl J Med

1997;337(2):69-76.

30. Luthy DA, Shy KK, van BG et al. A randomized trial of electronic fetal monitoring in preterm labor.

Obstet Gynecol 1987;69(5):687-695.

31. MacDonald D, Grant A, Sheridan-Pereira M, Boylan P, Chalmers I. The Dublin randomized controlled

trial of intrapartum fetal heart rate monitoring. Am J Obstet Gynecol 1985;152(5):524-539.

32. Altman D, Carroli G, Duley L et al. Do women with pre-eclampsia, and their babies, benefit

from magnesium sulphate? The Magpie Trial: a randomised placebo-controlled trial. Lancet

2002;359(9321):1877-1890.

proefschrift Teune.indb   42 16-5-2013   13:01:20

Teune_PROEF (all).ps Back - 21     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Long-term child follow-up after large obstetric RCTs for evaluation of perinatal interventions

43

Chapter

3

33. Makrides M, Crowther CA, Gibson RA, Gibson RS, Skeaff CM. Efficacy and tolerability of low-dose iron

supplements during pregnancy: a randomized controlled trial. Am J Clin Nutr 2003;78(1):145-153.

34. Marret S, Marpeau L, Zupan-Simunek V et al. Magnesium sulphate given before very-preterm birth to

protect infant brain: the randomised controlled PREMAG trial*. BJOG 2007;114(3):310-318.

35. Meis PJ, Klebanoff M, Thom E et al. Prevention of recurrent preterm delivery by 17 alpha-

hydroxyprogesterone caproate. N Engl J Med 2003;348(24):2379-2385.

36. Treatment of preterm labor with the beta-adrenergic agonist ritodrine. The Canadian Preterm Labor

Investigators Group. N Engl J Med 1992;327(5):308-312.

37. Newnham JP, Evans SF, Michael CA, Stanley FJ, Landau LI. Effects of frequent ultrasound during

pregnancy: a randomised controlled trial. Lancet 1993;342(8876):887-891.

38. Olds DL, Henderson CR, Jr., Tatelbaum R, Chamberlin R. Improving the delivery of prenatal care and

outcomes of pregnancy: a randomized trial of nurse home visitation. Pediatrics 1986;77(1):16-28.

39. Olsen SF, Sorensen JD, Secher NJ et al. Randomised controlled trial of effect of fish-oil supplementation

on pregnancy duration. Lancet 1992;339(8800):1003-1007.

40. Osendarp SJ, van Raaij JM, Arifeen SE, Wahed M, Baqui AH, Fuchs GJ. A randomized, placebo-

controlled trial of the effect of zinc supplementation during pregnancy on pregnancy outcome in

Bangladeshi urban poor. Am J Clin Nutr 2000;71(1):114-119.

41. Osendarp SJ, van Raaij JM, Darmstadt GL, Baqui AH, Hautvast JG, Fuchs GJ. Zinc supplementation

during pregnancy and effects on growth and morbidity in low birthweight infants: a randomised

placebo controlled trial. Lancet 2001;357(9262):1080-1085.

42. Rouse DJ, Hirtz DG, Thom E et al. A randomized, controlled trial of magnesium sulfate for the

prevention of cerebral palsy. N Engl J Med 2008;359(9):895-905.

43. Rush D, Stein Z, Susser M. A randomized controlled trial of prenatal nutritional supplementation in

New York City. Pediatrics 1980;65(4):683-697.

44. Sexton M, Hebel JR. A clinical trial of change in maternal smoking and its effect on birth weight.

JAMA 1984;251(7):911-915.

45. Shankaran S, Papile LA, Wright LL et al. The effect of antenatal phenobarbital therapy on neonatal

intracranial hemorrhage in preterm infants. N Engl J Med 1997;337(7):466-471.

46. Thorp JA, Ferrette-Smith D, Gaston LA, Johnson J, Yeast JD, Meyer B. Combined antenatal vitamin K

and phenobarbital therapy for preventing intracranial hemorrhage in newborns less than 34 weeks’

gestation. Obstet Gynecol 1995;86(1):1-8.

47. Waldenstrom U, Axelsson O, Nilsson S et al. Effects of routine one-stage ultrasound screening in

pregnancy: a randomised controlled trial. Lancet 1988;2(8611):585-588.

48. Wapner RJ, Sorokin Y, Thom EA et al. Single versus weekly courses of antenatal corticosteroids:

evaluation of safety and efficacy. Am J Obstet Gynecol 2006;195(3):633-642.

49. West KP, Jr., Katz J, Khatry SK et al. Double blind, cluster randomised trial of low dose supplementation

with vitamin A or beta carotene on mortality related to pregnancy in Nepal. The NNIPS-2 Study Group. 

BMJ 1999;318(7183):570-575.

proefschrift Teune.indb   43 16-5-2013   13:01:20

Teune_PROEF (all).ps Front - 22     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

44

Chapter 3

50. Salvesen KA, Vatten LJ, Jacobsen G et al. Routine ultrasonography in utero and subsequent vision and

hearing at primary school age. Ultrasound Obstet Gynecol 1992;2(4):243-247.

51. Salvesen KA, Bakketeig LS, Eik-Nes SH, Undheim JO, Okland O. Routine ultrasonography in utero and

school performance at age 8-9 years. Lancet 1992;339(8785):85-89.

52. Salvesen KA, Vatten LJ, Eik-Nes SH, Hugdahl K, Bakketeig LS. Routine ultrasonography in utero and

subsequent handedness and neurological development. BMJ 1993;307(6897):159-164.

53. Salvesen KA, Jacobsen G, Vatten LJ, Eik-Nes SH, Bakketeig LS. Routine ultrasonography in utero and

subsequent growth during childhood. Ultrasound Obstet Gynecol 1993;3(1):6-10.

54. Belizan JM, Villar J, Bergel E et al. Long-term effect of calcium supplementation during pregnancy on

the blood pressure of offspring: follow up of a randomised controlled trial. BMJ 1997;315(7103):281-

285.

55. Chaparro CM, Fornes R, Neufeld LM, Tena AG, Eguia-Liz CR, Dewey KG. Early umbilical cord

clamping contributes to elevated blood lead levels among infants with higher lead exposure. J Pediatr

2007;151(5):506-512.

56. Christian P, Khatry SK, Katz J et al. Effects of alternative maternal micronutrient supplements on low

birth weight in rural Nepal: double blind randomised community trial. BMJ 2003;326(7389):571.

57. Low dose aspirin in pregnancy and early childhood development: follow up of the collaborative low dose

aspirin study in pregnancy. CLASP collaborative group. Br J Obstet Gynaecol 1995;102(11):861-868.

58. Effects of antenatal dexamethasone administration in the infant: long-term follow-up. J Pediatr

1984;104(2):259-267.

59. Hiller JE, Crowther CA, Moore VA, Willson K, Robinson JS. Calcium supplementation in pregnancy and

its impact on blood pressure in children and women: follow up of a randomised controlled trial. Aust

N Z J Obstet Gynaecol 2007;47(2):115-121.

60. Crowther CA, Doyle LW, Haslam RR, Hiller JE, Harding JE, Robinson JS. Outcomes at 2 years of age

after repeat doses of antenatal corticosteroids. N Engl J Med 2007;357(12):1179-1189.

61. Czeizel AE, Dobo M. Postnatal somatic and mental development after periconceptional multivitamin

supplementation. Arch Dis Child 1994;70(3):229-233.

62. Dobo M, Czeizel AE. Long-term somatic and mental development of children after periconceptional

multivitamin supplementation. Eur J Pediatr 1998;157(9):719-723.

63. Bibbo M, Gill WB, Azizi F et al. Follow-up study of male and female offspring of DES-exposed mothers.

Obstet Gynecol 1977;49(1):1-8.

64. Herbst AL, Hubby MM, Blough RR, Azizi F. A comparison of pregnancy experience in DES-exposed and

DES-unexposed daughters. J Reprod Med 1980;24(2):62-69.

65. Herbst AL, Hubby MM, Azizi F, Makii MM. Reproductive and gynecologic surgical experience in

diethylstilbestrol-exposed daughters. Am J Obstet Gynecol 1981;141(8):1019-1028.

66. Wilcox AJ, Maxey J, Herbst AL. Prenatal diethylstilbestrol exposure and performance on college

entrance examinations. Horm Behav 1992;26(3):433-439.

67. Gill WB, Schumacher GF, Bibbo M. Pathological semen and anatomical abnormalities of the genital

tract in human male subjects exposed to diethylstilbestrol in utero. J Urol 1977;117(4):477-480.

proefschrift Teune.indb   44 16-5-2013   13:01:20

Teune_PROEF (all).ps Back - 22     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Long-term child follow-up after large obstetric RCTs for evaluation of perinatal interventions

45

Chapter

3

68. Gill WB, Schumacher GF, Bibbo M, Straus FH, Schoenberg HW. Association of diethylstilbestrol

exposure in utero with cryptorchidism, testicular hypoplasia and semen abnormalities. J Urol

1979;122(1):36-39.

69. Wilcox AJ, Baird DD, Weinberg CR, Hornsby PP, Herbst AL. Fertility in men exposed prenatally to

diethylstilbestrol. N Engl J Med 1995;332(21):1411-1416.

70. Tamura T, Goldenberg RL, Ramey SL, Nelson KG, Chapman VR. Effect of zinc supplementation of

pregnant women on the mental and psychomotor development of their children at 5 y of age. Am J

Clin Nutr 2003;77(6):1512-1516.

71. Whyte H, Hannah ME, Saigal S et al. Outcomes of children at 2 years after planned cesarean birth

versus planned vaginal birth for breech presentation at term: the International Randomized Term

Breech Trial. Am J Obstet Gynecol 2004;191(3):864-871.

72. Langendoerfer S, Haverkamp AD, Murphy J et al. Pediatric follow-up of a randomized controlled trial

of intrapartum fetal monitoring techniques. J Pediatr 1980;97(1):103-107.

73. Parazzini F, Bortolus R, Chatenoud L, Restelli S, Benedetto C. Follow-up of children in the Italian Study

of Aspirin in Pregnancy. Lancet 1994;343(8907):1235

74. Kenyon S, Pike K, Jones DR et al. Childhood outcomes after prescription of antibiotics to pregnant

women with preterm rupture of the membranes: 7-year follow-up of the ORACLE I trial. Lancet

2008;372(9646):1310-1318.

75. Hatton DC, Harrison-Hohner J, Coste S, Reller M, McCarron D. Gestational calcium supplementation

and blood pressure in the offspring. Am J Hypertens 2003;16(10):801-805.

76. Shy KK, Luthy DA, Bennett FC et al. Effects of electronic fetal-heart-rate monitoring, as compared

with periodic auscultation, on the neurologic development of premature infants. N Engl J Med

1990;322(9):588-593.

77. Grant A, O’Brien N, Joy MT, Hennessy E, MacDonald D. Cerebral palsy among children born during

the Dublin randomised trial of intrapartum monitoring. Lancet 1989;2(8674):1233-1236.

78. The Magpie Trial: a randomised trial comparing magnesium sulphate with placebo for pre-eclampsia.

Outcome for children at 18 months. BJOG 2007;114(3):289-299.

79. Zhou SJ, Gibson RA, Makrides M. Routine iron supplementation in pregnancy has no effect on iron

status of children at six months and four years of age. J Pediatr 2007;151(4):438-440.

80. Marret S, Marpeau L, Benichou J. Benefit of magnesium sulfate given before very preterm birth to

protect infant brain. Pediatrics 2008;121(1):225-226.

81. Northen AT, Norman GS, Anderson K et al. Follow-up of children exposed in utero to 17 alpha-

hydroxyprogesterone caproate compared with placebo. Obstet Gynecol 2007;110(4):865-872.

82. Macdonald W, Newnham J, Gurrin L, Evans S. Effect of frequent prenatal ultrasound on birthweight:

follow up at 1 year of age. Western Australian Pregnancy Cohort (Raine) Working Group. Lancet

1996;348(9025):482.

83. Newnham JP, Doherty DA, Kendall GE, Zubrick SR, Landau LL, Stanley FJ. Effects of repeated prenatal

ultrasound examinations on childhood outcome up to 8 years of age: follow-up of a randomised

controlled trial. Lancet 2004;364(9450):2038-2044.

proefschrift Teune.indb   45 16-5-2013   13:01:20

Teune_PROEF (all).ps Front - 23     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

46

Chapter 3

84. Olds DL, Henderson CR, Jr., Tatelbaum R. Intellectual impairment in children of women who smoke

cigarettes during pregnancy. Pediatrics 1994;93(2):221-227.

85. Olds DL, Eckenrode J, Henderson CR, Jr. et al. Long-term effects of home visitation on maternal

life course and child abuse and neglect. Fifteen-year follow-up of a randomized trial. JAMA

1997;278(8):637-643.

86. Olsen SF, Osterdal ML, Salvig JD et al. Fish oil intake compared with olive oil intake in late pregnancy

and asthma in the offspring: 16 y of registry-based follow-up from a randomized controlled trial. Am

J Clin Nutr 2008;88(1):167-175.

87. Hamadani JD, Fuchs GJ, Osendarp SJ, Huda SN, Grantham-McGregor SM. Zinc supplementation

during pregnancy and effects on mental development and behaviour of infants: a follow-up study.

Lancet 2002;360(9329):290-294.

88. Fox NL, Sexton M, Hebel JR. Prenatal exposure to tobacco: I. Effects on physical growth at age three.

Int J Epidemiol 1990;19(1):66-71.

89. Sexton M, Fox NL, Hebel JR. Prenatal exposure to tobacco: II. Effects on cognitive functioning at age

three. Int J Epidemiol 1990;19(1):72-77.

90. Shankaran S, Papile LA, Wright LL et al. Neurodevelopmental outcome of premature infants after

antenatal phenobarbital exposure. Am J Obstet Gynecol 2002;187(1):171-177.

91. Thorp JA, O’Connor M, Jones AM, Hoffman EL, Belden B. Does perinatal phenobarbital exposure

affect developmental outcome at age 2? Am J Perinatol 1999;16(2):51-60.

92. Thorp JA, O’Connor M, Belden B, Etzenhouser J, Hoffman EL, Jones PG. Effects of phenobarbital

and multiple-dose corticosteroids on developmental outcome at age 7 years. Obstet Gynecol

2003;101(2):363-373.

93. Kieler H, Haglund B, Waldenstrom U, Axelsson O. Routine ultrasound screening in pregnancy and the

children’s subsequent growth, vision and hearing. Br J Obstet Gynaecol 1997;104(11):1267-1272.

94. Wapner RJ, Sorokin Y, Mele L et al. Long-term outcomes after repeat doses of antenatal corticosteroids.

N Engl J Med 2007;357(12):1190-1198.

95. Katz J, West KP, Jr., Khatry SK et al. Risk factors for early infant mortality in Sarlahi district, Nepal. Bull

World Health Organ 2003;81(10):717-725.

96. Teune MJ, van Wassenaer AG, Mol BW, Opmeer BC. Long-term health-related and economic

consequences of short-term outcomes in evaluation of perinatal interventions. BMC Pregnancy

Childbirth 2010;10:42.

97. Teune MJ, van Wassenaer AG, van Dommelen P, Mol BW, Opmeer BC. Perinatal risk indicators for long-

term neurological morbidity among preterm neonates. Am J Obstet Gynecol. 2011 May;204(5):396.

e1-396.e14

98. Teune MJ, van Wassenaer AG, van Buuren S, Mol BW, Opmeer BC; Dutch POPS Collaborative Study

Group. Perinatal risk-indicators for long-term respiratory morbidity among preterm or very low birth

weight neonates. Eur J Obstet Gynecol Reprod Biol. 2012 May 10..

 99. Royston G. Commentary: trials versus models in appraising screening programmes. BMJ

1999;318(7180):360-361.

proefschrift Teune.indb   46 16-5-2013   13:01:20

Teune_PROEF (all).ps Back - 23     T1 -    Black



         
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Long-term child follow-up after large obstetric RCTs for evaluation of perinatal interventions

47

Chapter

3

 100. Potharst ES, van Wassenaer AG, Houtzager BA, van Hus JW, Last BF, Kok JH. High Incidence of Multi-

Domain Disabilities in Very Preterm Children at Five Years of Age. J Pediatr 2011.

 101. Stramrood CA, Wessel I, Doornbos B et al. Posttraumatic Stress Disorder Following Preeclampsia and 

PPROM: A Prospective Study With 15 Months Follow-Up. Reprod Sci 2011.

 102. Van De Water M, Kessel ET, De Kleine MJ, Oei SG. Tocolytic effectiveness of nifedipine versus ritodrine 

and follow-up of newborns: a randomised controlled trial. Acta Obstet Gynecol Scand 2008;87(3):340-

345.

 103. Gollenberg AL, Lynch CD, Jackson LW, McGuinness BM, Msall ME. Concurrent validity of the parent-

completed Ages and Stages Questionnaires, 2nd Ed. with the Bayley Scales of Infant Development II 

in a low-risk sample. Child Care Health Dev 2010;36(4):485-490.

 104. Marlow N, Hennessy EM, Bracewell MA, Wolke D. Motor and executive function at 6 years of age 

after extremely preterm birth. Pediatrics 2007;120(4):793-804.

 105. Roberts G, Anderson PJ, De LC, Doyle LW. Changes in neurodevelopmental outcome at age eight in 

geographic cohorts of children born at 22-27 weeks’ gestational age during the 1990s. Arch Dis Child 

Fetal Neonatal Ed 2010;95(2):F90-F94.

 106. Schmidt B. Methylxanthine therapy for apnea of prematurity: evaluation of treatment benefits and 

risks at age 5 years in the international Caffeine for Apnea of Prematurity (CAP) trial. Biol Neonate 

2005;88(3):208-213.

proefschrift Teune.indb   47 16-5-2013   13:01:20

Teune_PROEF (all).ps Front - 24     T1 -    Black


