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CHAPTER 1  General IntroductIon  

Aim of the study

The birth of Louise Brown on July 25, 1978 in England was the first successful result of 
in vitro fertilization (IVF), a pioneering process to fertilize eggs outside a woman’s body 
developed by researchers Edwards & Steptoe.1 This event was a great breakthrough 
in medical history. Today IVF is a common medical procedure. In the Netherlands IVF 
was firstly performed in the early eighties; nowadays 1 out of about 40 pregnancies 
is a result of IVF and about 3000 children a year are born after this procedure.2 Also in 
other European countries, assisted reproductive technology pregnancies represent 
2%-3% of all births. In the United States approximately 0.7% of all births are the result 
of this assisted reproductive technology.3 

During an IVF treatment cycle the woman is stimulated with gonadotropic hor-
mones to induce multifollicular development in the ovaries. When the development 
of the follicles is considered sufficient by hormone tests and serial ultrasound exami-
nation, human chorionic gonadotropin (hCG) is administered to complete the matu-
ration of the oocytes. Before the expected ovulation, the oocytes are retrieved from 
the follicles using needle aspiration. In the laboratory the oocytes are inseminated 
with a prepared sample of sperm from the partner. After fertilization the embryos 
are incubated for several days. Two to five days after oocyte retrieval nowadays one 
or maximally two embryos are transferred into the uterus (see Figure 1); when more 
good embryos are available than are needed for the transfer, they can be frozen for 
use in another treatment cycle (then called cryopreserved embryos). If one or more 
of the embryos implant in the uterus, the woman may become pregnant. Success 
rate of pregnancy after IVF today is about 32%, of which 77% of these pregnancies 
continue.2 

There is increasing evidence that environmental influences during prenatal life 
are associated with changes in physical and mental functioning in later life. These 
associations are thought to be the consequence of altered programming of physi-
ological, metabolic and endocrine key systems, whereby adaptive responses to envi-
ronmental stimuli during critical or sensitive periods in early life may have long-last-
ing consequences.4 This was originally known as the ‘Barker hypothesis’, later as the 
‘fetal or prenatal programming hypothesis’, and nowadays is preferred to be called 
the ‘developmental origins hypothesis’. It has been shown that pregnancies leading 
to small for gestational age or preterm birth give rise to elevated blood pressure, dis-
turbed insulin-glucose ratio and increased body fat in adult life, with first signs already 
observed in adolescence.4-13 During the past years, studies on the neurological and 
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mental consequences have been performed as well. Animal and human studies have 
shown a reduced number of neurons and decreased myelinisation in diverse neuro-
logical areas by altered programming of metabolic and endocrine processes, which 
may interfere with a normal mental development.14 Suboptimal intellectual function, 
learning difficulties and poorer school performance have been found in children and 
adolescents born small for gestational age or preterm with low birth weights free of 
major impairments, which persist into adulthood.15-21 Furthermore, abnormal (fine) 
motor control performance and risk for emotional and behavioral disorders are asso-
ciated with low birth weights.18,21-25 

To become pregnant through IVF clearly differs from natural conception. The 
artificial conception may have its influence: oocyte retrieval may cause mechanical 
damage to the oocyte, moreover, the circumstances of fertilization and first cell divi-
sions outside the womb, together with transferring the embryo back into the uterus 
may be less optimal. Several review studies have shown that (singleton) IVF pregnan-
cies have a worse perinatal outcome than naturally conceived singleton pregnancies. 
IVF children are at increased risk of (very) preterm birth, (very) low birth weight and 
perinatal death.3,26-28 Except that IVF children more often are born small for gesta-
tional age or preterm, the period around fertilization is one of the critical time peri-
ods during which the developing conceptus may be susceptible to environmentally 
induced changes. In animal studies it has been demonstrated that embryo manipu-
lation techniques and poor periconceptional and preimplantational conditions are 

Figure 1.  Illustration of the IVF procedure
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linked to long-term alterations in the characteristics of fetal and postnatal growth 
and development.29-31 It is still unclear whether the IVF process in humans affects the 
vulnerable developmental processes occurring during early prenatal life, resulting in 
long-term perturbations of developmental pathways. 

Since in small for gestational age and preterm children first signs of potential 
harm may become manifest in (pre)pubertal years, the present study was performed 
to investigate growth, health and psychological functioning in 8- to 18-year-old IVF 
children. To evaluate the influence of the IVF conception, IVF children are compared 
with children born to subfertile parents who eventually conceived spontaneously. 
Parents of these children are more comparable to parents of IVF children with respect 
to fertility, the effort needed and duration to become pregnant. In this way we have 
aimed to control for the effect of parental factors, and to evaluate the role of IVF itself. 
Growth and health outcomes of this study are described by Ceelen et al.32-34 This the-
sis deals with the psychological functioning of 8- to 18-year-old IVF children. 

Design

Subjects
As mentioned above, the study in this thesis was part of a large cohort study per-
formed between 2003 and 2006 on the growth, health and psychological functioning 
of IVF children born between 1986 and 1995. A total of 354 families with a singleton 
child born from IVF conception at the VU University Medical Center (VUmc), Amster-
dam, the Netherlands, were invited by mail to participate in this study. Twins, multi-
ples and children born from other reproductive techniques (e.g, ICSI) were excluded. 
As control group, 454 children born between 1986 and 1995, and conceived naturally 
to couples with subfertility problems were invited to participate. These children were 
born spontaneously from parents who visited the Department of Gynaecology of the 
VUmc because of their subfertility and participated in the OMEGA study.35-37 Control 
children were matched one-to-one for sex and age (± 3 months) with the IVF chil-
dren. Finally, 69% of the approached IVF children and 51% of the approached controls 
agreed to participate, resulting in 246 IVF and 233 control children available for this 
study. This means that for 13 IVF children no matched control child was found; these 
13 children were excluded from further analyses, resulting in 233 matched pairs. 
 Figure 1 in the Appendix gives an overview of the inclusion process. 
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Families who refused to participate in the study received a single questionnaire 
regarding health, education and other characteristics of the respective child (n=283). 
A total of 179 families (63%) returned the questionnaire. Non-participation analysis 
yielded no significant differences between participants and non-participants regard-
ing children’s current height, weight and body mass index (BMI). Non-participating 
children were older (12.9±2.6 yr vs 12.0±2.6, P=0.002) and their mothers were less 
often highly educated (26% vs 37%, P=0.015), but these findings were observed in 
both the IVF and control population. 

Procedure and measurements
The study was approved by the Medical Ethics Committee of the VU University Medi-
cal Center and the Central Committee of Human Research (CCMO) located in The 
Hague. Parents, and children of 12 years and older signed informed consent forms.

Participating children were seen at the VUmc for physical and psychological mea-
surements between March 2004 and March 2006. Based on an overview of the litera-
ture (see chapter 2), in the psychological study school functioning, general and spe-
cific cognitive abilities, behavior and socio-emotional functioning were examined. 

School functioning was evaluated in all 233 children. Specific cognitive abilities 
and behavior and socio-emotional well-being were performed in a subgroup of 
pubertal children: being at least in puberty stage II according to Tanner.38 This sub-
group consisted of 139 IVF children and 143 controls (see Figure 1 in the Appendix). 

With respect to school functioning, data on education level, school performance 
(need for extra help, repeating a grade, special education), and rates of learning and 
developmental disorders were obtained by the parents. General cognitive ability was 
measured using the results of the CITO test, a national test of educational achieve-
ment obtained in the last year of primary school. To evaluate specific cognitive abili-
ties, information processing, attention and visual-motor function were measured by 
performing some neuropsychological (computer)tests. Behavior and social- emotional 
functioning was evaluated by questionnaires filled in by the parents, teachers and 
children themselves. Table 1 lists all the outcomes measured and the tests and ques-
tionnaires used.  
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Outline of this thesis

Overview of studies on early development, cognition and  
psychosocial  well-being
In chapter 2 an overview of previously published psychological studies is presented. 
Based on the literature on early development, cognition and psychosocial well-
being in children born after IVF, we decided to investigate school functioning, spe-
cific cognitive abilities, behavior and socio-emotional functioning of IVF children in 
adolescence. 

School functioning
Chapter 3 reports on the school functioning of 8- to 18-year-old IVF children in com-
parison with the controls. The total cohort of 233 IVF and 233 control children was 

Table 1. Outcome variables and instruments used
outcome variable Instrument used obtained from

School functioning Measured in the total group of 233 IVF and 233 control children

Education level Semi-structured interview Parents

School performance: 
need for extra help, repeated 
a grade, special education

Semi-structured interview Parents

Learning or developmental 
disorder

Semi-structured interview Parents

General cognitive ability CITO test39,40 Score of child on CITO test per-
formed in last year of primary school

Specific cognitive abilities Measured in the pubertal group of 139 IVF and 143 control children

Information processing and 
attention

Neuropsychological (computer)
tests:  
Trailmaking Test41 
ANT: Baseline Speed, Memory 
Search Letters, Sustained Atten-
tion Dots42,43 

Child

Visual-motor function Neuropsychological (computer)
tests:
Beery VMI, VP, MC44,45 

ANT: Pursuit, Tapping42,43 

Purdue Pegboard46,47 

Child

Psychosocial well-being Measured in the pubertal group of 139 IVF and 143 control children

Behavior and socio-
 emotional functioning

Questionnaires:48-51 
Child Behavior Checklist (CBCL) 
Teacher Report Form (TRF)
youth Self Report (ySR)

Parents
Teacher
Child
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taken into account, in which education level, general cognitive ability, school perfor-
mance, and learning- and developmental disorders were evaluated. 

Specific cognitive abilities
Chapter 4 presents the results of the neuropsychological assessment in the subgroup 
of pubertal IVF children and controls. By the use of neuropsychological (computer)
tests (see Table 1) specific cognitive functions (information processing, attention and 
visual-motor function) were assessed, and possible effects of IVF conception were 
evaluated. In addition these cognitive functions were related to cardio-metabolic 
outcomes to explore whether they might both be associated with changes in fetal 
programming due to IVF.  

Psychosocial well-being
Chapter 5 focuses on the behavior and social-emotional functioning of 9- to 18-year-
old IVF adolescents and controls from the perspective of their parents (CBCL) and 
teachers (TRF). The possible role of IVF conception on behavior is discussed.    
Chapter 6 describes the results of the adolescents own perspective on their  behavior 
and social-emotional functioning (ySR), and these findings were related to the results 
obtained from chapter 5. 

Summary & General discussion
Chapter 7 contains the summary and general discussion on the results of this  project. 
Findings on the psychological functioning of adolescents born by IVF are summa-
rized and related to growth and health outcomes of the overall study. In addition, 
methodological issues are discussed and future perspectives are given.
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Abstract

Objective: To examine whether sufficient research has been done and definite con-
clusions can be drawn on the psychological outcome of children born after in 
vitro fertilization (IVF), a review was performed of studies on early development, 
cognition and psychosocial well-being in IVF children. 

Method: Pubmed and PsycINFO databases were searched. All English language 
 studies up to 2006 addressing these topics were included.  

Results: After 25 years of follow-up studies on the development, school outcome 
and psychosocial well-being of IVF children, it seems that mental and psychomo-
tor development during the first year and preschool years, and cognitive develop-
ment at 5 years are not deviant. At 6-12 years of age, no differences were observed 
in cognitive and school performance compared with naturally conceived children; 
however, the number of studies in this age group is limited. No studies are avail-
able that evaluate cognitive aspects and school performance at secondary school 
age. Overall, positive parent-child relationships were reported in IVF families. In 
some studies, IVF mothers report more difficulties with their child’s behavior only 
in the child’s first year. With regard to the children’s psychosocial well-being, no 
differences were found up to the age of 8 years. Although after that age slight 
indications for some socio-emotional and behavioral problems emerged, a large 
study on onset of puberty reported that psychosocial functioning was reassuring. 
Data for adolescents are still lacking. 

Conclusion: Psychological functioning of those born after IVF is reassuring. However, 
follow-up should be continued and studies should focus on specific cognitive 
abilities, school performance, and emotional functioning in adolescence.           
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Introduction

The introduction of in vitro fertilization (IVF) in 1978 has offered parenthood to many 
who in the past might not have achieved this. IVF has become a successful and rou-
tine infertility treatment used in many medical centers worldwide. In several Euro-
pean countries, assisted reproductive technology pregnancies represent 2%-3% of all 
births. Approximately 0.7% of all births in the United States are the result of assisted 
reproductive technology.1 

Initially, many questions were raised about the effects on the child and his or her 
parents because of the nature of the IVF procedure itself. Couples undergo lengthy 
and several stressful procedures before their (much desired) child is born. The chil-
dren are conceived artificially; oocyte retrieval may cause mechanical damage to 
the egg cells, fertilization and the first cell division takes place outside the womb, 
and transferring the embryo back into the uterus may produce less optimal circum-
stances. Because of these medical factors, the question arises whether pregnancy 
complications, congenital malformations, or health and growth problems occur more 
often in IVF children than in naturally conceived children. Similarly, questions related 
to the nonmedical outcome of these children include whether the child’s develop-
ment is disturbed by conception in artificial circumstances, whether IVF influences 
the  parents’ attitude toward their child, and whether parental attitude subsequently 
influences the child’s psychological well-being. Studies investigating these questions 
have mainly focused on the concerns of pregnancy complications, neonatal con-
ditions of the children, and the rate of congenital malformations. After 25 years of 
research on this topic, several reviewers of the literature1-4 have concluded that there 
is convincing evidence that singleton pregnancies from assisted reproduction have 
a significantly worse perinatal outcome than naturally conceived singleton pregnan-
cies. IVF singletons have a higher incidence of perinatal mortality, (very) preterm birth, 
(very) low birth weight, caesarean section, and admission to neonatal intensive care. 
A slight increase in malformations seems to be present, but these findings remain 
inconclusive. Although more than 25% of IVF procedures results in multiple births, 
the adverse outcome in IVF twins does not seem to be increased when compared 
with spontaneous twin pregnancies.3 Explanations for the differences between sin-
gleton IVF and natural pregnancy outcomes are the age and parity of the mother: in 
general, IVF mothers are older and more often primiparous. However, even after con-
trolling for these aspects, Jackson et al1 still found adverse perinatal outcomes after 
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IVF pregnancies. They stated that the remaining risks could be due to (components 
of) the IVF procedure itself or to infertility per se; however, the causes have not yet 
been convincingly elucidated.1 

To address the nonmedical questions related to IVF birth, follow-up studies are 
needed. In contrast to numerous follow-up studies on growth and physical develop-
ment5, studies on psychological outcome of IVF children are more scarce. The ques-
tion is whether sufficient research has been done concerning the psychological 
aspects and whether definite conclusions can be drawn based on the published 
studies. Therefore, we present an overview of the psychological studies on IVF chil-
dren and examine findings on the early psychomotor development, cognition, and 
psychosocial well-being. Pubmed and PsycINFO databases were searched for publi-
cations in the English language, and all studies addressing these topics up to 2006 
were included. Previous reviews2,4,6-10 were used to control for the completeness of 
the studies we collected. This report has three main sections: (1) early development, 
(2) cognitive functioning and school performance, and (3) psychosocial well-being. 
The final section presents an overall conclusion and discusses further research. 

Early development:  
mental and psychomotor development 

Despite the increased risk of complications in IVF pregnancies, most of the reports on 
the development of IVF children during their first year and preschool years are reas-
suring. Table 1 presents the studies that have explored this early development. 

The first reports on the development of children born after IVF came from Mushin 
et al11,12 and yovich et al.13 These authors reported on the follow-up of their first small 
cohorts of IVF children (n=33 and n=20, respectively), tested at the age of at least 1 year 
old with developmental tests. Most children showed no abnormalities, and  overall 
scores were within the normal range; however, no control groups were included. 

The first paper that reported on a larger sample and used a matched control 
group was published in 1989 by Morin et al.14 A total of 83 IVF children aged 13-30 
months was compared with a group of 93 spontaneously conceived children. No dif-
ferences in mental and psychomotor development were found between the groups. 
After that study, evaluation of the development of IVF children mostly occurred in 
comparison with a matched group of naturally conceived children; generally no dif-



21

AN OVERVIEW OF STUDIES 

ferences were found between the groups.15-18 In both their IVF and naturally con-
ceived control group, Brandes et al16 reported lower mental scores for twins or triplets 
as compared to singletons. Raoul-Duval et al19 compared IVF children with naturally 
conceived children and with a comparison group of children born to infertile women 
who underwent ovulation induction but no IVF treatment. They reported satisfactory 
psychomotor development and no differences compared with the control groups at 
the ages of 9 and 18 months and at 3 years. More recently, Koivurova et al20 compared 
the main developmental milestones in children born after IVF with spontaneously 
conceived matched controls. They hypothesized that IVF children reach develop-
mental milestones later, based on the fact that they are more often born preterm and 
have poorer perinatal outcome than their controls. Their results on 299 IVF and 558 
control children showed no differences in the psychomotor development at different 
age periods up to 3 years.  

Since 1983, cryopreserved embryos were successfully used in IVF treatment. The 
surplus embryos created by the superovulation method are frozen and thawed in 
subsequent cycles of IVF treatment. In 1995, Sutcliffe et al21,22 reported on IVF with fro-
zen embryo transfer. Follow-up of 91 IVF children compared with 83 spontaneously 
conceived children at 2 years of age showed a score in the mean range and >100 for 
both groups on the Griffith Scale of Mental Development. Although in that study the 
groups were similar regarding sex and social class, mean age of the IVF children was 
4 months younger than the controls. Wennerholm et al23 studied 255 children born 
from IVF with cryopreserved embryos during the first 18 months and compared them 
with 255 children born after IVF with fresh embryos and with 252 children from spon-
taneous pregnancies. There were no differences between the groups in the preva-
lence of children with a developmental delay at the age of 18 months.      

Most of the above-mentioned studies did not distinguish between singleton chil-
dren and children from multiple pregnancies in their groups. In other studies, only 
singletons were investigated. In a study by Pinborg et al24, when IVF twins were com-
pared with naturally conceived twins, no differences were found between the groups. 
While IVF twins are somewhat more delayed than IVF singletons16,24, this seems to be 
related to the multiple births rather than to IVF itself.  
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ref. (Year/country) Sample size control group(s) age of children Method outcome

Mushin et al.11,12 
(1986/1985/Australia)

33 IVF
singletons/twins

- 12-37 months Bayley Scales of Infant Development,
Denver development screening test

Overall scores within the normal range

Yovich et al.13

(1986/Australia)
20 IVF - 1st birthday Griffith Developmental Scales Scores within the normal range, only one infant under 

the general quotient

Morin et al.14

(1989/United States)
83 IVF 93 NC 13-30 months Bayley Scales of Infant Development Scores within the normal range (mental scale IVF-NC: 115 

vs 111; motor scale IVF-NC: 114 vs 108)
High score for IVF explained by high socioeconomic 
status and ‘wantedness’

Gershoni-Baruch et al.15

(1991/Israel)
33 IVF (HFTVS)
45 IVF (non-HFTVS) 
singletons/twins

33 NC (HFTVS) 
45 NC (non-HFTVS)
singletons/twins

12-30 months Bayley Scales of Infant Development Scores within the normal range and no differences 
between groups; twins lower mental indices than 
singletons

Brandes et al.16

(1992/Israel)
116 IVF
singletons/twins/ triplets

116 NC
singletons/twins/ triplets

12-45 months Bayley Scales of Infant Development,
Stanford-Binet Scales

Scores of IVF within normal range and no differences 
with NC. Twins lower mental indices compared to 
singletons

Raoul-Duval et al.19,41

(1994, 1993/France)
33 IVF
singletons

33 NC
33 OI

9, 18, 36 months Brunet-Lezine test Psychomotor development is satisfactory, no differences 
with control groups

Ron-El et al.17 

(1994/Israel)
26 IVF
singletons

29 NC ≥ 28 months McCarthy Scales of Children’s Abilities No differences between groups on General Cognitive 
Index (IVF-NC: 102 vs 106) and on verbal, perception, 
motor and memory indexes

Gibson et al.18

(1998/Australia)
65 IVF
singletons

62 NC 1 year Bayley Scales of Infant Development Scores within normal range, no group differences (mental 
scale IVF-NC: 102 vs 103; motor scale IVF-NC: 90 vs 89)

Koivurova et al.20 
(2003/Finland)

299 IVF
singletons/multiples

558 NC 0-3 years Developmental milestone test modified after 
Bayley Scales

No differences in psychomotor development at different 
age periods

Sutcliffe et al.21,22

(1995/United Kingdom)
91 IVF cryopreserved 
embryos; singletons/
twins/triplets

83 NC IVF: 25.08 months
NC: 29.19 months

Griffith Scales of mental development Mean Griffith quotient in both groups in normal range 
and above 100 (IVF-NC: 105,69 vs 108,18); no similar age 
at testing!

Wennerholm et al.23

(1998/Sweden)
255 IVF
cryopreserved embryos; 
singletons/twins

225 IVF,
fresh embryos
252 NC

0-18 months Information about delayed psychomotor 
development recorded from Child Health 
Centers 

No differences between the groups for delay in psycho-
motor development

Pinborg et al.24

(2003/Denmark)
472 IVF/ICSI twins 634 IVF/ICSI

singletons
1132 NC twins

3-4 years Speech development and motor function by 
questionnaire by the mother

No differences between twin groups. Poorer speech 
development in twins than singletons. No differences for 
motor function

Table 1. Studies on the early mental and psychomotor development of children born 
after in vitro fertilization

IVF = in vitro fertilization, NC = naturally conceived children, OI = ovulation induction without IVF,  
ICSI = intracytoplasmic sperm injection, HFTVS = high-frequency transvaginal ultrasonography
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ref. (Year/country) Sample size control group(s) age of children Method outcome

Mushin et al.11,12 
(1986/1985/Australia)

33 IVF
singletons/twins

- 12-37 months Bayley Scales of Infant Development,
Denver development screening test

Overall scores within the normal range

Yovich et al.13

(1986/Australia)
20 IVF - 1st birthday Griffith Developmental Scales Scores within the normal range, only one infant under 

the general quotient

Morin et al.14

(1989/United States)
83 IVF 93 NC 13-30 months Bayley Scales of Infant Development Scores within the normal range (mental scale IVF-NC: 115 

vs 111; motor scale IVF-NC: 114 vs 108)
High score for IVF explained by high socioeconomic 
status and ‘wantedness’

Gershoni-Baruch et al.15

(1991/Israel)
33 IVF (HFTVS)
45 IVF (non-HFTVS) 
singletons/twins

33 NC (HFTVS) 
45 NC (non-HFTVS)
singletons/twins

12-30 months Bayley Scales of Infant Development Scores within the normal range and no differences 
between groups; twins lower mental indices than 
singletons

Brandes et al.16

(1992/Israel)
116 IVF
singletons/twins/ triplets

116 NC
singletons/twins/ triplets

12-45 months Bayley Scales of Infant Development,
Stanford-Binet Scales

Scores of IVF within normal range and no differences 
with NC. Twins lower mental indices compared to 
singletons

Raoul-Duval et al.19,41

(1994, 1993/France)
33 IVF
singletons

33 NC
33 OI

9, 18, 36 months Brunet-Lezine test Psychomotor development is satisfactory, no differences 
with control groups

Ron-El et al.17 

(1994/Israel)
26 IVF
singletons

29 NC ≥ 28 months McCarthy Scales of Children’s Abilities No differences between groups on General Cognitive 
Index (IVF-NC: 102 vs 106) and on verbal, perception, 
motor and memory indexes

Gibson et al.18

(1998/Australia)
65 IVF
singletons

62 NC 1 year Bayley Scales of Infant Development Scores within normal range, no group differences (mental 
scale IVF-NC: 102 vs 103; motor scale IVF-NC: 90 vs 89)

Koivurova et al.20 
(2003/Finland)

299 IVF
singletons/multiples

558 NC 0-3 years Developmental milestone test modified after 
Bayley Scales

No differences in psychomotor development at different 
age periods

Sutcliffe et al.21,22

(1995/United Kingdom)
91 IVF cryopreserved 
embryos; singletons/
twins/triplets

83 NC IVF: 25.08 months
NC: 29.19 months

Griffith Scales of mental development Mean Griffith quotient in both groups in normal range 
and above 100 (IVF-NC: 105,69 vs 108,18); no similar age 
at testing!

Wennerholm et al.23

(1998/Sweden)
255 IVF
cryopreserved embryos; 
singletons/twins

225 IVF,
fresh embryos
252 NC

0-18 months Information about delayed psychomotor 
development recorded from Child Health 
Centers 

No differences between the groups for delay in psycho-
motor development

Pinborg et al.24

(2003/Denmark)
472 IVF/ICSI twins 634 IVF/ICSI

singletons
1132 NC twins

3-4 years Speech development and motor function by 
questionnaire by the mother

No differences between twin groups. Poorer speech 
development in twins than singletons. No differences for 
motor function
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Conclusion
Overall, there is no evidence that the early mental and psychomotor development 
of children born after IVF is disturbed. Studies on cryopreserved embryos also show 
no adverse effects, but data on this group are sparse. IVF twins are somewhat more 
delayed than IVF singletons, but this seems to be related to the multiple births rather 
than to IVF itself. However, a follow-up of about 4 years is too short to detect all poten-
tial developmental problems. Since follow-up studies on other high-risk groups (e.g., 
children born preterm or small for gestational age) have reported that developmental 
difficulties, such as learning and behavioral problems, can become manifest at school 
age25,26 the next question is whether IVF poses longer term risks for the development 
of these children.  

Cognition and school performance 

Table 2 presents the studies that investigated the cognitive development and school 
performance of children born after IVF. 

Cederblad et al27 examined the cognitive development of 99 children aged 2.9-7 
(mean age 5.2) years. IVF children showed developmental quotients above the 
 Swedish norm, but their parents had a higher socio-economic level. The cognitive 
development as measured by the Wechsler Intelligence Scale for Children in a sample 
of 9- to 10-year-old IVF children in Israel was similar to that of an age-, sex-, birth 

Table 2. Studies on the cognition and school performance of children born after in vitro 
fertilization

ref. (Year/country) Sample size control groups age of children Method outcome

Cederblad et al.27

(1996/Sweden)
99 IVF
singletons/ twins/triplets

Swedish population 2.9-7 years; 
mean age 
5.2 years

Griffith Scales of mental development Cognitive development of IVF above mean of 
Swedish population, but IVF parents from higher 
socio-economic class

Levy-Shiff et al.28

(1998/Israel)
51 IVF 51 NC 9-10 years Wechsler Intelligence Scale for Children,

Bender Visual Motor Gestalt test, Benton Visual Reten-
tion test, Reading Comprehension test, Rating Scale 
for School Adjustment

No differences in intelligence (IQ), visual-
motor coordination, visual memory and verbal 
comprehension

Olivennes et al.29

(1997/France)
422 IVF - 6-13 years Questionnaire (via mail or telephone) by parents to 

obtain information about school performance: rank in 
class, advanced, average or delayed according to age

92.2% at least average achievement, 3.8% low 
achievement, 3.8% a year or more delayed and 
0.2% attending special education

Olivennes et al.30

(1996/France)
82 IVF
frozen embryos

- 1-9 years See Olivennes et al. 1997 No pathological features in scholastic perfor-
mance: only one child low achievement, no chil-
dren delayed or attending special education

IVF = in vitro fertilization, NC = naturally conceived children
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order- and socioeconomic status-matched group of naturally conceived children.28 
In addition, visuomotor coordination, visual memory, and verbal comprehension 
were also similar between the groups.28 IVF children had good learning adjustment 
(including comprehension, interest, concentration, scholastic ambition, and scholas-
tic self-confidence). It should be noted, however, that only 51 children were included 
in that study.

Olivennes et al29 examined the long-term outcome of a cohort of 422 children 
aged 6-13 years. With respect to school functioning, they found that 92.2% of the IVF 
children had a school performance of at least average achievement, 3.8% had below-
average scholastic achievement, 3.8% were one year or more delayed, and 0.2% 
attended special education classes; the authors called this an encouraging outcome. 
In cryopreserved embryos, the same authors studied the outcome of 1- to 9-year-old 
children. Also in this cohort, scholastic performance for the school-age children did 
not show pathological features. Only one child had below-average achievement, and 
no children were a year delayed or in special education.30 However, in both studies, 
no cognitive tests and no control groups were used.

In all other papers in which cognitive development of IVF children at school age was 
assessed, IVF children have served as comparison group in studies on children con-
ceived by intracytoplasmic sperm injection (ICSI). Following IVF, in the early 1990s, 
ICSI was developed as a treatment for male infertility. With ICSI, new concerns were 
raised by potential negative factors, such as the influence of the use of abnormal 

Table 2. Studies on the cognition and school performance of children born after in vitro 
fertilization

ref. (Year/country) Sample size control groups age of children Method outcome

Cederblad et al.27

(1996/Sweden)
99 IVF
singletons/ twins/triplets

Swedish population 2.9-7 years; 
mean age 
5.2 years

Griffith Scales of mental development Cognitive development of IVF above mean of 
Swedish population, but IVF parents from higher 
socio-economic class

Levy-Shiff et al.28

(1998/Israel)
51 IVF 51 NC 9-10 years Wechsler Intelligence Scale for Children,

Bender Visual Motor Gestalt test, Benton Visual Reten-
tion test, Reading Comprehension test, Rating Scale 
for School Adjustment

No differences in intelligence (IQ), visual-
motor coordination, visual memory and verbal 
comprehension

Olivennes et al.29

(1997/France)
422 IVF - 6-13 years Questionnaire (via mail or telephone) by parents to 

obtain information about school performance: rank in 
class, advanced, average or delayed according to age

92.2% at least average achievement, 3.8% low 
achievement, 3.8% a year or more delayed and 
0.2% attending special education

Olivennes et al.30

(1996/France)
82 IVF
frozen embryos

- 1-9 years See Olivennes et al. 1997 No pathological features in scholastic perfor-
mance: only one child low achievement, no chil-
dren delayed or attending special education

IVF = in vitro fertilization, NC = naturally conceived children
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sperm, the bypassing of the usual process of naturally selection of sperm, and the 
potential damage to the egg or embryo. Because of these concerns, research  interest 
shifted from IVF towards this new assisted-reproduction technique, with almost 
direct performance of follow-up studies. In such studies, children conceived by IVF 
were selected as comparison group31-34. While ICSI children became older, IVF chil-
dren were still used as comparison group and most of such studies now also included 
naturally conceived children as a comparison group. That makes evaluation of cog-
nitive functioning of the IVF children (about 5 years of age) in comparison with the 
naturally conceived children possible35-37 (Table 3). 

In a study on 5-year-old ICSI, IVF, and naturally conceived children, Leslie et al35 
found no significant differences in mean IQ. They concluded that the genetic influ-
ence of parental cognitive ability is more important than the mode of conception in 
determining the intellectual ability of the children. Place and Englert36 found signifi-
cantly lower mean IQ scores at 3 and 5 years of age for both groups of assisted-repro-
duction children, but after adjustment for parental education level, these between-
group differences disappeared. An international collaborative study37 assessed the 
cognitive and motor development of ICSI, IVF, and naturally conceived children at the 
age of 5 years. No differences were found between the groups on IQ measures and 
motor development. There were also equal proportions of children in all three groups 

Table 3. Studies at school age with in vitro fertilization children as comparison group in 
measuring the cognitive outcome after intracytoplasmic sperm injection 

ref. (Year/country) Sample size control groups age of children Method outcome

Leslie et al.35

(2003/Australia)
97 ICSI
singletons/twins

80 IVF
110 NC

5 years Wechsler Preschool and Primary Scales 
of Intelligence

No differences for IQ between groups; IQ scores in mean range 
(ICSI IQ :110, IVF IQ :111, NC IQ :114)
Delayed mental development (IQ<85): ICSI 5.2%, IVF 2.5%, NC 
0.9% (not significant)

Place and Englert36

(2003/Belgium)
66 ICSI
singletons

52 IVF
59 NC

up to 5 years Brunet-Lezine test and Wechsler 
Preschool and Primary Scales of 
Intelligence

Developmental and intellectual score within mean range at 9, 18 
months, 3 and 5 years
Both assisted reproduction groups (ICSI/IVF) lower mean IQs on 3 
years (ICSI:94.1 and IVF:91.7 vs NC:103.9) and 5 years (ICSI:99.7 and 
IVF:101.9 vs NC:108.4) > no between group differences left after 
correction for parental education

Ponjaert-Kristoffersen et al.37

(2005/Belgium, Denmark,
Greece, Sweden,  
United Kingdom)

511 ICSI 424 IVF
488 NC

5 years Wechsler Preschool and Primary Scale 
of Intelligence and Motor Scale of the 
McCarthy Scales of Children’s Abilities

No differences between ICSI, IVF, NC on IQ and motor develop-
ment measures (IQ ICSI:109, IVF:108, NC:109). Firstborn children 
with older mothers (33-45 years): NC better total IQ and V-IQ than 
ICSI/IVF. 
No differences between groups in number of children with 
delay (<1sd) on WPPSI (ICSI:4.3%, IVF:4.3%, NC:3.3%) and MSCA 
(ICSI:9.8%,IVF:7.8%, NC:6.2%)

ICSI = intracytoplasmic sperm injection, IVF = in vitro fertilization, NC = naturally conceived children
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who scored <1 SD from the mean. Only first-born children from older ICSI and IVF 
mothers scored lower on total and verbal IQ.37 

Conclusion
Only a few studies have investigated cognitive development and school functioning 
in IVF children at school age. Cognition and school performance in these studies were 
normal. In combined ICSI and IVF studies at the age of about 5 years, overall scores on 
tests of intelligence were in the normal range, and differences compared with a natu-
rally conceived control group generally did not reach significance level. Parent level 
of education and maternal age at the time of birth seemed to play a more important 
role in determining the intellectual ability of the child than the mode of conception. 
Thus, at 5 years of age, the results of cognitive and motor development in IVF children 
are reassuring. In older IVF children, only three studies (in two of which standardized 
tests were not used) have investigated cognitive ability. The first ICSI children have 
only recently reached older age levels but even in the longer existing IVF follow-up, 
studies on the cognitive abilities of older children are still scarce.

Table 3. Studies at school age with in vitro fertilization children as comparison group in 
measuring the cognitive outcome after intracytoplasmic sperm injection 

ref. (Year/country) Sample size control groups age of children Method outcome

Leslie et al.35

(2003/Australia)
97 ICSI
singletons/twins

80 IVF
110 NC

5 years Wechsler Preschool and Primary Scales 
of Intelligence

No differences for IQ between groups; IQ scores in mean range 
(ICSI IQ :110, IVF IQ :111, NC IQ :114)
Delayed mental development (IQ<85): ICSI 5.2%, IVF 2.5%, NC 
0.9% (not significant)

Place and Englert36

(2003/Belgium)
66 ICSI
singletons

52 IVF
59 NC

up to 5 years Brunet-Lezine test and Wechsler 
Preschool and Primary Scales of 
Intelligence

Developmental and intellectual score within mean range at 9, 18 
months, 3 and 5 years
Both assisted reproduction groups (ICSI/IVF) lower mean IQs on 3 
years (ICSI:94.1 and IVF:91.7 vs NC:103.9) and 5 years (ICSI:99.7 and 
IVF:101.9 vs NC:108.4) > no between group differences left after 
correction for parental education

Ponjaert-Kristoffersen et al.37

(2005/Belgium, Denmark,
Greece, Sweden,  
United Kingdom)

511 ICSI 424 IVF
488 NC

5 years Wechsler Preschool and Primary Scale 
of Intelligence and Motor Scale of the 
McCarthy Scales of Children’s Abilities

No differences between ICSI, IVF, NC on IQ and motor develop-
ment measures (IQ ICSI:109, IVF:108, NC:109). Firstborn children 
with older mothers (33-45 years): NC better total IQ and V-IQ than 
ICSI/IVF. 
No differences between groups in number of children with 
delay (<1sd) on WPPSI (ICSI:4.3%, IVF:4.3%, NC:3.3%) and MSCA 
(ICSI:9.8%,IVF:7.8%, NC:6.2%)

ICSI = intracytoplasmic sperm injection, IVF = in vitro fertilization, NC = naturally conceived children
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Psychosocial well-being

Other areas of interest in the psychological outcome of IVF births include the quality 
of parenting, parent-child relationship, behavior and socio-emotional development of 
the child. Many hypotheses about possible (negative) effects have been formulated. 
The child may be seen as precious and may therefore be overprotected or  parents 
may have too high expectations of their long-desired child. The child may also be 
perceived by other persons as being different.9 All this may influence the parent-child 
relationship and the child’s socio-emotional development. Studies addressing these 
topics are presented in Table 4a-c and are described below, divided into studies on 
very young children and on school-age children. Studies that only assessed paren-
tal functioning and did not include the child’s socio-emotional well-being are not 
evaluated. 

Table 4a. Studies on psychosocial well-being of children born after in vitro fertilization:
 Very young children
ref. (Year/country) Sample size control groups age of children relevant issues under investigation (method) outcome

Mushin et al.11,12

(1986/1985/Australia)
33 IVF - 12-37 months Psychosocial evaluation (parent interview by 

child psychiatrist)
No indication of increased risk of pathology in children 
and families, parents function well.

Raoul-Duval et al.19,38 
(1994/1993/France)

33 IVF
singletons

33 OI
33 NC

Postpartum,
9, 18, 36
months

Mother-infant bonding and depressive syn-
dromes in the mother (interviews  with the 
mothers) 

More mother-child relational problems in both infertility 
groups. Minor sleeping and feeding problems in the IVF 
children and mothers of IVF children more depressed at 9 
months. No differences between groups at 36 months

McMahon et al.39

(1997/Australia)
65 IVF 62 NC 4 months Psychosocial adjustment and quality of 

mother-child relationship (questionnaires, 
interviews, observation of interaction)

IVF mothers reported lower self-esteem,  and maternal 
self-efficacy, and rated their infants as more temperamen-
tally difficult. In observations IVF infants more negative 
behaviors in response to interactive stress.  

Gibson et al.18

(1998/Australia)
65 IVF
singletons

63 NC 1 year Behavior and temperament (Bayley behavior 
rating scale and behavior problem checklist 
and temperament scale)

Low levels of behavioral difficulties reported, but IVF 
children rated as more over reactive and at a higher level 
of behavior difficulty than controls. Mean temperament 
ratings in normal range.

Gibson et al.40

(2000/Australia)
65 IVF
singletons

61 NC 1 year Infant attachment and mother-child interac-
tion (Strange Situation procedure and Emo-
tional Availability Scales)

IVF children secure attachment relationships, no differ-
ences between groups in proportion of insecure attached 
children, no differences in mother-child interactions 
between groups.

Sydsjo et al.41

(2002/Sweden)
108 IVF 105 NC 1 year Behavior and temperament (Toddler behavior 

questionnaire)
IVF parents rated their children as more regular/habitual, 
sensitive, attentive and manageable than NC.

Colpin et al.42

(1995/Belgium)
31 IVF
singletons

31 NC 2-2½ years Parent-child relationship and parents psycho-
social functioning (behavioral observations of 
mother-child interaction and questionnaires)

No differences in parent-child interaction and parents’ 
psychosocial functioning, no differences in mother or 
child’s behavior.

Van Balen43

(1996/The Netherlands)
45 IVF 35 FI

35 NC
2-4 years Child-rearing (questionnaires on parenting and 

child behavior, mothers and fathers)  
IVF and FI mothers: higher emotional involvement with 
child, greater parental competence, children more often 
social and less obstinate. No differences in fathers.

IVF = in vitro fertilization, NC = naturally conceived children, OI = ovulation induction without IVF,  
FI = formerly infertile
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Very young children
The first (noncontrolled) psychosocial studies reported no indication of increased risk 
of pathology in 1- to 3-year-old IVF children and their families.11,12 However, controlled 
studies revealed some difficulties during the first year(s) of life. Raoul-Duval et al19,38 
found more frequent minor mother-infant relational problems postpartum in an IVF 
and ovulation induction (without IVF) group than in a naturally conceived group, 
matched for parity, mother’s age and educational level. At the age of 9 months, IVF 
children had more feeding and sleep disturbances, and mothers experienced more 
depressed moods. However, at 18 months these problems decreased, and at 3 years, 
the differences between the groups had disappeared. The mothers whose infants 
had problems at 9 months tended to be those who had had problems during preg-
nancy and/or had a difficult relationship with their infant. In a longitudinal Australian 
project18,39,40 women with IVF pregnancies reported lower self-esteem and decreased 

Table 4a. Studies on psychosocial well-being of children born after in vitro fertilization:
 Very young children
ref. (Year/country) Sample size control groups age of children relevant issues under investigation (method) outcome

Mushin et al.11,12

(1986/1985/Australia)
33 IVF - 12-37 months Psychosocial evaluation (parent interview by 

child psychiatrist)
No indication of increased risk of pathology in children 
and families, parents function well.

Raoul-Duval et al.19,38 
(1994/1993/France)

33 IVF
singletons

33 OI
33 NC

Postpartum,
9, 18, 36
months

Mother-infant bonding and depressive syn-
dromes in the mother (interviews  with the 
mothers) 

More mother-child relational problems in both infertility 
groups. Minor sleeping and feeding problems in the IVF 
children and mothers of IVF children more depressed at 9 
months. No differences between groups at 36 months

McMahon et al.39

(1997/Australia)
65 IVF 62 NC 4 months Psychosocial adjustment and quality of 

mother-child relationship (questionnaires, 
interviews, observation of interaction)

IVF mothers reported lower self-esteem,  and maternal 
self-efficacy, and rated their infants as more temperamen-
tally difficult. In observations IVF infants more negative 
behaviors in response to interactive stress.  

Gibson et al.18

(1998/Australia)
65 IVF
singletons

63 NC 1 year Behavior and temperament (Bayley behavior 
rating scale and behavior problem checklist 
and temperament scale)

Low levels of behavioral difficulties reported, but IVF 
children rated as more over reactive and at a higher level 
of behavior difficulty than controls. Mean temperament 
ratings in normal range.

Gibson et al.40

(2000/Australia)
65 IVF
singletons

61 NC 1 year Infant attachment and mother-child interac-
tion (Strange Situation procedure and Emo-
tional Availability Scales)

IVF children secure attachment relationships, no differ-
ences between groups in proportion of insecure attached 
children, no differences in mother-child interactions 
between groups.

Sydsjo et al.41

(2002/Sweden)
108 IVF 105 NC 1 year Behavior and temperament (Toddler behavior 

questionnaire)
IVF parents rated their children as more regular/habitual, 
sensitive, attentive and manageable than NC.

Colpin et al.42

(1995/Belgium)
31 IVF
singletons

31 NC 2-2½ years Parent-child relationship and parents psycho-
social functioning (behavioral observations of 
mother-child interaction and questionnaires)

No differences in parent-child interaction and parents’ 
psychosocial functioning, no differences in mother or 
child’s behavior.

Van Balen43

(1996/The Netherlands)
45 IVF 35 FI

35 NC
2-4 years Child-rearing (questionnaires on parenting and 

child behavior, mothers and fathers)  
IVF and FI mothers: higher emotional involvement with 
child, greater parental competence, children more often 
social and less obstinate. No differences in fathers.

IVF = in vitro fertilization, NC = naturally conceived children, OI = ovulation induction without IVF,  
FI = formerly infertile



30

CHAPTER 2  General IntroductIon    AN OVERVIEW OF STUDIES 

Table 4b. Studies on psychosocial well-being of children born after in vitro fertilization:
 Early school age
ref. (Year/country) Sample size control groups age of children relevant issues under investigation (method) outcome

Golombok et al.44

(1995/United Kingdom)
45 IVF 45 DI

43 NC
55 AF

4-8 years Quality of parenting (interview and question-
naires of stress associated with parenting, 
marital satisfaction, emotional state)  
children’s social-emotional development  
(interview/questionnaires by mother, ques-
tionnaires by teacher, Separation Anxiety 
Test, Family Relations Test, Pictorial Scale of 
Percieved Competence and Social  Accep-
tance by children)

Quality of parenting in assisted reproduction families is 
superior to NC (more warmth, emotional involvement). 
No differences between groups for children’s emotions, 
behavior, relationships with parents.

Golombok et al.45

(1996/United Kingdom,
Italy, Spain, the
Netherlands)

116 IVF 111 DI
115 AF
120 NC

4-8 years Family relationships and child’s social and 
emotional development (for measurements 
see Golombok et al. 1995)

Mothers of children conceived by IVF/DI greater warmth, 
more emotionally involved, interacted more with child, 
less parenting stress than NC. No group differences for 
psychological disorders and children’s perceptions of 
quality of family relationships.

Cederblad et al.27

(1996/Sweden)
99 IVF
singletons/ twins/triplets

Swedish population 2.9-7 years;
mean age 5.2 years

Child’s behavior (interviews with the mothers 
and Child Behavior Checklist)

No differences in behavior compared to Swedish 
population

Cook et al.46

(1998/United Kingdom)
12 IVF
twins

14 NC
twins

4-8 years Quality of parenting, parental stress and child 
behavior (interview, Parenting Stress Index, 
Parent-Child Dysfunctional Interaction and 
Difficult Child, Rutter A and B Scale completed 
by mother and teacher)

No differences between groups for emotional involve-
ment. IVF parents reported higher levels of stress than 
NC parents. No differences on child behavior, none of the 
children had scores indicating the presence of psychiatric 
disorder. 

Montgomery et al.48

(1999/United States)
743 IVF
singletons/ twins/
triplets/ quadruplets

questionnaire national 
sample

over 4 years Behavioral and psychological profile (Child 
Behavior Checklist, Teacher report form, 
youth self report)

No increase in behavioral or psychological problems 
in IVF compared with controls. Normal psychological 
development.

Hahn & DiPietro47

(2001/Taiwan)
54 IVF
singletons

59 NC 3-7 years Quality of parenting, family functioning, child 
emotional and behavioral adjustment (ques-
tionnaires and interview)

IVF mothers greater level of protectiveness toward their 
children; teachers: IVF mothers display greater warmth 
but not overprotective. IVF children fewer behavioral 
problems than controls as scored by teachers.

IVF = in vitro fertilization, NC = naturally conceived children, DI = donor insemination, AF = adoptive families

feelings of maternal efficacy at 4 months postpartum and rated their infants as more 
difficult. Reports of this sample at 1 year of age suggest that some of the differences 
persisted. Mothers of the IVF conceived children reported more behavioral difficul-
ties compared with control children. Also, the mothers described their children as 
being more overreactive. However, no differences in child behavior and attachment 
were documented at this age during objective observations of mother-child interac-
tion. Therefore, the authors conclude that the findings may reflect the mothers’ con-
cerns about the well-being and adjustment of their child during the first year rather 
than actual difficulties in the child. Sydsjo et al41 compared a sample of more than 100 
one-year-old children of first-time (primiparous) IVF and spontaneously conceived 
 couples, matched on mothers’ age. Temperament and behavior were not deviant 
from normal and, in contrast with the above-mentioned studies, the IVF children 
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Table 4b. Studies on psychosocial well-being of children born after in vitro fertilization:
 Early school age
ref. (Year/country) Sample size control groups age of children relevant issues under investigation (method) outcome

Golombok et al.44

(1995/United Kingdom)
45 IVF 45 DI

43 NC
55 AF

4-8 years Quality of parenting (interview and question-
naires of stress associated with parenting, 
marital satisfaction, emotional state)  
children’s social-emotional development  
(interview/questionnaires by mother, ques-
tionnaires by teacher, Separation Anxiety 
Test, Family Relations Test, Pictorial Scale of 
Percieved Competence and Social  Accep-
tance by children)

Quality of parenting in assisted reproduction families is 
superior to NC (more warmth, emotional involvement). 
No differences between groups for children’s emotions, 
behavior, relationships with parents.

Golombok et al.45

(1996/United Kingdom,
Italy, Spain, the
Netherlands)

116 IVF 111 DI
115 AF
120 NC

4-8 years Family relationships and child’s social and 
emotional development (for measurements 
see Golombok et al. 1995)

Mothers of children conceived by IVF/DI greater warmth, 
more emotionally involved, interacted more with child, 
less parenting stress than NC. No group differences for 
psychological disorders and children’s perceptions of 
quality of family relationships.

Cederblad et al.27

(1996/Sweden)
99 IVF
singletons/ twins/triplets

Swedish population 2.9-7 years;
mean age 5.2 years

Child’s behavior (interviews with the mothers 
and Child Behavior Checklist)

No differences in behavior compared to Swedish 
population

Cook et al.46

(1998/United Kingdom)
12 IVF
twins

14 NC
twins

4-8 years Quality of parenting, parental stress and child 
behavior (interview, Parenting Stress Index, 
Parent-Child Dysfunctional Interaction and 
Difficult Child, Rutter A and B Scale completed 
by mother and teacher)

No differences between groups for emotional involve-
ment. IVF parents reported higher levels of stress than 
NC parents. No differences on child behavior, none of the 
children had scores indicating the presence of psychiatric 
disorder. 

Montgomery et al.48

(1999/United States)
743 IVF
singletons/ twins/
triplets/ quadruplets

questionnaire national 
sample

over 4 years Behavioral and psychological profile (Child 
Behavior Checklist, Teacher report form, 
youth self report)

No increase in behavioral or psychological problems 
in IVF compared with controls. Normal psychological 
development.

Hahn & DiPietro47

(2001/Taiwan)
54 IVF
singletons

59 NC 3-7 years Quality of parenting, family functioning, child 
emotional and behavioral adjustment (ques-
tionnaires and interview)

IVF mothers greater level of protectiveness toward their 
children; teachers: IVF mothers display greater warmth 
but not overprotective. IVF children fewer behavioral 
problems than controls as scored by teachers.

IVF = in vitro fertilization, NC = naturally conceived children, DI = donor insemination, AF = adoptive families

were perceived by their parents to be more regular/habitual, sensitive, attentive, and 
easier to manage than the control children. 

At age 2 years Colpin et al42 found no differences in parental psychosocial func-
tioning, parenting attitudes, or attachment to the child. Behavioral observations 
of mother-child interaction did not reveal differences in either maternal or child 
 behavior. Van Balen43 compared the child rearing among IVF parents, other formerly 
infertile parents, and fertile parents with a child between 2 and 4 years of age. IVF 
mothers and other previously infertile mothers reported a higher emotional involve-
ment with their child and a greater parental competence compared with the fertile 
mothers. Their children were rated more often as social and less often as obstinate 
than the control children. No differences were found among the fathers. 
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School-age children
In several studies on IVF children up to the age of 8 years, no increased risk for 
 behavioral and socio-emotional problems was found in comparison with naturally 
conceived children. Also, quality of parenting was good, with mothers being emo-
tionally more involved and expressing greater warmth towards their children.27,44-47 All 
but one of these studies had a relatively large study sample (Table 4b). Montgomery 
et al48 assessed the behavioral and psychological profiles of more than 700 IVF chil-
dren older than 4 years using three international and frequently used questionnaires 
(Child Behavior Checklist, Teacher Report Form, and youth Self-Report). Overall, the 
study group did not differ significantly from the questionnaire national sample in the 
percentage of children who scored normal and abnormal on the questionnaires. 

In older children some contradictory findings were reported. In a study by Levy-
Shiff et al28 9- and 10-year-old IVF children were rated lower by teachers in socio-
emotional adjustment, and the children reported themselves to be more anxious, 

Table 4c. Studies on psychosocial well-being of children born after in vitro fertilization:
 Later school age
ref. (Year/country) Sample size control groups age of children relevant issues under investigation (method) outcome

Levy-Shiff et al.28

(1998/Israel)
51 IVF 51 NC 9-10 years Emotional and behavioral outcomes ( parent, 

teacher and self report on hyperactive, 
aggressive and general  behavior, anxiety and 
depression; interview with the mother)

Socio-emotional adjustment of IVF lower as rated by 
teachers. More anxiety, depression and aggression in IVF 
as rated by children themselves. Exacerbated among boys 
and children whose parents were older.

Colpin and Soenen49

(2002/Belgium)
27 IVF 23 NC 8-9 years Parent-child relationship and child’s psy-

chosocial development (Nijmegen Child-
rearing questionnaire, Parenting Stress Index, 
Questionnaire Parenting Goals, Child Behavior 
Checklist, Teacher Report Form)

No differences in parental stress and behavior between 
groups. Mean values on CBCL and TRF in normal range, 
no differences in child’s behavior between groups. 
Tendency for more total problem behavior in IVF rated by 
teachers. IVF children who were informed more problem 
behavior (internalizing and total) than children who had 
not been informed. 

Golombok et al.50

(2001/United Kingdom)
34 IVF 49 AF

38 NC
12 years Parent-child relationship (interview mother 

about quality of parenting, child-interview: 
Child and Adolescent Functioning and Envi-
ronment Schedule; questionnaires by mother, 
father, child: Expression of Affection Inventory 
and Conflict Tactics Scale)
Children’s psychological well-being (interview 
with mother; questionnaires by mother and 
teacher: Strengths and Difficulties Question-
naire; questionnaire by child: Social Adjust-
ment Inventory for Children and Adolescents)

Mothers with history of infertility less sensitive respond-
ing toward child, some more affection in IVF mothers and 
fathers towards child. No differences in children’s psycho-
logical well-being between groups, as rated by parents 
and teachers and children themselves.

Golombok et al.51

(2002/United Kingdom,
Italy, Spain, the
Netherlands)

102 IVF 94 DI
102 AF
102 NC

11-12 years Parenting and children’s psychological well-
being (for interviews and questionnaires see 
Golombok et al. 2001)

Quality of parent-child relationship similar in all groups. 
If any differences, more positive functioning among 
assisted reproduction families. Small proportion of over-
involvement with the children. No differences between 
groups for psychological adjustment. IVF children less 
likely to engage in physical aggression towards peers.

IVF = in vitro fertilization, NC = naturally conceived children, DI = donor insemination, AF = adoptive families
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Table 4c. Studies on psychosocial well-being of children born after in vitro fertilization:
 Later school age
ref. (Year/country) Sample size control groups age of children relevant issues under investigation (method) outcome

Levy-Shiff et al.28

(1998/Israel)
51 IVF 51 NC 9-10 years Emotional and behavioral outcomes ( parent, 

teacher and self report on hyperactive, 
aggressive and general  behavior, anxiety and 
depression; interview with the mother)

Socio-emotional adjustment of IVF lower as rated by 
teachers. More anxiety, depression and aggression in IVF 
as rated by children themselves. Exacerbated among boys 
and children whose parents were older.

Colpin and Soenen49

(2002/Belgium)
27 IVF 23 NC 8-9 years Parent-child relationship and child’s psy-

chosocial development (Nijmegen Child-
rearing questionnaire, Parenting Stress Index, 
Questionnaire Parenting Goals, Child Behavior 
Checklist, Teacher Report Form)

No differences in parental stress and behavior between 
groups. Mean values on CBCL and TRF in normal range, 
no differences in child’s behavior between groups. 
Tendency for more total problem behavior in IVF rated by 
teachers. IVF children who were informed more problem 
behavior (internalizing and total) than children who had 
not been informed. 

Golombok et al.50

(2001/United Kingdom)
34 IVF 49 AF

38 NC
12 years Parent-child relationship (interview mother 

about quality of parenting, child-interview: 
Child and Adolescent Functioning and Envi-
ronment Schedule; questionnaires by mother, 
father, child: Expression of Affection Inventory 
and Conflict Tactics Scale)
Children’s psychological well-being (interview 
with mother; questionnaires by mother and 
teacher: Strengths and Difficulties Question-
naire; questionnaire by child: Social Adjust-
ment Inventory for Children and Adolescents)

Mothers with history of infertility less sensitive respond-
ing toward child, some more affection in IVF mothers and 
fathers towards child. No differences in children’s psycho-
logical well-being between groups, as rated by parents 
and teachers and children themselves.

Golombok et al.51

(2002/United Kingdom,
Italy, Spain, the
Netherlands)

102 IVF 94 DI
102 AF
102 NC

11-12 years Parenting and children’s psychological well-
being (for interviews and questionnaires see 
Golombok et al. 2001)

Quality of parent-child relationship similar in all groups. 
If any differences, more positive functioning among 
assisted reproduction families. Small proportion of over-
involvement with the children. No differences between 
groups for psychological adjustment. IVF children less 
likely to engage in physical aggression towards peers.

IVF = in vitro fertilization, NC = naturally conceived children, DI = donor insemination, AF = adoptive families

depressed and aggressive than naturally conceived peers. This was especially the 
case in boys and children of older parents. Colpin and Soenen49 reassessed families 
whose children had been studied at 2 years of age when the children were aged 
8-9 years. At this older age, they found no differences between IVF and control par-
ents’ report of child behavior, parenting behavior and parenting stress. However, IVF 
parents who had informed their children about the IVF conception observed more 
problem  behaviors in their child, compared with IVF parents who had not yet dis-
closed it. In teacher ratings of the child’s behavior, there was a tendency toward more 
problem  behavior in IVF children. However, this study was based on a small sample 
of only 27 IVF and 23 naturally conceived children, and only seven children were 
informed about their IVF conception. Therefore, no strong conclusions can be drawn 
about these findings. In the second phase of a large European study50,51, the parent-
child relationship and the child’s socio-emotional well-being at the onset of adoles-
cence was investigated. Studying the families (IVF, donor insemination, adoptive, and 
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naturally conceived) when the children were 11-12 years of age, a similar quality or 
even more positive parent-child relationships were found in the assisted reproduc-
tion groups (IVF and donor insemination) as compared with the other groups. With 
respect to the socio-emotional well-being of the children, no differences emerged 
between the groups; this was found for the reports of the parents and teachers as 
well as for the children themselves.  

Conclusion
Overall, very few differences have been found in parenting and parent-child rela-
tionship between IVF and non-IVF families. At a young age, some difficulties were 
reported by the mothers only in the first year of life, probably reflecting their own 
concerns rather than actual problems in the child. After the first year and at school 
age, no differences appear, and in some studies, the parent-child relationship and 
emotional involvement of IVF parents was reported to be better than in spontaneous 
child families. The strong desire for parenthood was associated with a high quality of 
parenting. 

At very young age as well as at school age, most studies found no significant 
differences concerning behavioral and socio-emotional problems between IVF and 
naturally conceived children. In studies older than the age of 8 years, indications were 
found for some emotional and behavioral problems in boys, IVF children from older 
parents, and children who were informed about their IVF conception. However, sam-
ple sizes of the studies reporting this were small, and the findings contradict those of 
a large European study performed at the onset of adolescence.  
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Studies on earley development, cognition and 
psychosocial well-being of children born after 
IVF: are we finished yet? 

Overall summary and conclusions
It is clear that IVF pregnancies carry certain risks for the offspring. Nevertheless, from 
the developmental studies described in this overview, it can be concluded that men-
tal and psychomotor development of IVF children until the age of 3 years is not dis-
turbed. Also, from studies conducted at the age of about 5 years, cognitive develop-
ment seems to be reassuring. At older school age, no differences in cognitive function 
from naturally conceived children were observed, and children showed good school 
performance; however the number of studies in this age group is limited. In addi-
tion, no studies are available that evaluate school performance and cognitive aspects 
 during secondary education. To date, studies in the domain of cognitive develop-
ment are reassuring, but more research at later school age is needed. 

With respect to studies on psychosocial well-being, we conclude that much is 
already known about the socio-emotional functioning of the child, parenting, and 
parent-child relationships in IVF families. During the first year, some IVF mothers seem 
to experience difficulties in child behavior, probably reflecting their own concerns 
about the well-being and adjustment of their child. However, this worry disappears 
and switches to more emotional involvement and greater parental competence in 
the subsequent years. It can be concluded that there is less concern about the child’s 
social and emotional well-being in the preschool- and school-age years, despite some 
contradictory findings around the age of 10 years. Although two studies show indica-
tions of some behavioral and emotional problems, a large European study indicates 
normal behavior and emotional function at the onset of puberty. Further follow-up 
studies are needed to assess the behavioral and socio-emotional functioning of IVF 
children in adolescence. 

Suggestions for further research
Despite follow-up studies differ in sample characteristics, in how they deal with con-
founding parameters (such as age and education level of the parents, the number 
of children and birth order, and perinatal history of the child), and differ in research 
instruments and perspectives of assessment, the research done in the past 25 years 
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has answered many questions about IVF children. However, the age range of the chil-
dren investigated is limited and questions still remain about the effects of IVF on the 
cognitive and psychosocial functioning of older children. 

Previous reviews have stated that the parent-child relationship and psychosocial 
functioning need further investigation since these may become more problematic as 
the child becomes older and more independent, specifically during adolescence.2,6,8-10 
From studies on the ‘fetal programming of adult disease’ in children born small for 
gestational age and very low birth weight, we already know that several diseases 
(including mental disorders such as depression and anxiety) may become apparent 
at later age.52-54 Not only are IVF children more often born preterm or small for gesta-
tional age, but the early blastocyst environment during the IVF procedure itself may 
alter the expression of imprinted genes and cause lasting programming effects in 
offspring.55 Following this ‘Barker hypothesis’, a negative outcome of IVF may perhaps 
emerge during adolescence or (young) adult life.

Further IVF research should therefore particularly focus on adolescence and 
young adulthood. To detect emotional problems (such as symptoms of depression 
and anxiety) it is important to rely not only on reports of parents and teachers, but 
also to more heavily involve the perspective of the children. Also, because little is still 
known about the cognitive ability of older IVF children, this area needs to be more 
thoroughly investigated. In small-for-gestational-age children and children born pre-
term, more specific learning difficulties occur rather than general intellectual impair-
ments. Therefore, further IVF research in the domain of cognition should focus more 
on specific cognitive abilities such as attention, information processing and visual-
motor function.

Although other assisted-reproduction techniques, such as ICSI, are progressing 
and research will shift toward these techniques, we conclude that information on 
the long-term functioning of IVF children is still needed. Psychological evaluation of 
those born after IVF has certainly not yet finished. 
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Abstract

Objective: The aim of this study was to examine school functioning of 8- to 18-year-
old children born after in vitro fertilization (IVF). 

Method: We compared 233 children born after IVF to 233 matched control children 
born spontaneously from parents with fertility problems on measures of educa-
tion level, general cognitive ability, school performances (need for extra help, 
repeating a grade, special education), and rates of learning and developmental 
disorders. 

Results: No differences were found between IVF and control children on these mea-
sures of school functioning. More than 60% of adolescents at secondary school 
attended high academic levels (with access to higher vocational education or 
university). 

Conclusion: We conclude that children and adolescents born after IVF show good 
academic achievement and general cognitive ability. They do not experience 
more educational limitations than naturally conceived children and adolescents 
of the control group. The tendency of reassuring school functioning already found 
in younger IVF children has shown to continue at secondary school age. 
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Introduction

The first birth after in vitro fertilization (IVF) was reported in 1978.1 Since then, the 
numbers of newborns conceived by this technology have been growing rapidly and, 
today, IVF is part of the modern management of infertility worldwide. Approximately 
1-3% of the children in developed countries have been born after IVF conception and 
a considerable number of these children meanwhile have reached adolescence or 
young adulthood. 

Shortly after the first IVF births, clinicians and researchers became aware of pos-
sible increased physical and psychological risk associated with IVF, which resulted in 
evaluation of the children born from it. From the psychological point of view, mental 
and psychomotor development in the early years was an important focus. Although 
IVF pregnancies appear to be associated with an increased risk of multiple pregnancy, 
preterm delivery, low birth weight, caesarian sections, and transfer to neonatal inten-
sive care unit2,3, studies on mental and psychomotor development, in general, did 
not show any differences between IVF and naturally conceived children in the first 
3 years of life.4-14 Developmental and neurological problems that were found at this 
young age were mainly related to prematurity, low birth weight, or multiple birth.4,15,16 
Also, intellectual development around the age of 5 years was investigated and found 
not to be different in children conceived by IVF compared to naturally conceived 
children.17-20  

However, from an age of about 6 years, when school functioning becomes more 
important and cognitive demands increase, only a limited number of studies have 
evaluated the school performance of IVF children.21-23 Although the data from these 
three studies indicate normal intellectual and school functioning, it can be ques-
tioned as to whether one may be conclusive yet on the overall educational outcome 
of IVF children. No control groups were used and children were a maximum 13 years 
old22,23, or the study was conducted on a relatively small number of children.21 Most 
importantly, no single study has described IVF children’s school functioning at sec-
ondary school yet. 

At the VU University Medical Center (VUmc) in the Netherlands, IVF has been con-
ducted since the early 1980, with the first birth occurring in 1986. Since a consid-
erable group of these IVF children now reached (pre)pubertal years, we performed 
a large study on the growth, health and psychological functioning of IVF children 
born between 1986 and 1995. In this study, IVF children were matched and compared 
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to children born spontaneously from parents with fertility problems. The selection 
of such a control group gives us the opportunity to equalize important parental 
 differences (such as age of the mothers at birth, desirability of and involvement with 
the child, and the educational level of the parents) and evaluate the role of IVF as 
such on the child’s development. Considering the mentioned literature on academic 
performance, the aim of the study described here was to evaluate school function-
ing of IVF children and adolescents who are at the end of primary school and at sec-
ondary school. This paper describes education level, general cognitive ability, school 
performances (need for extra help, repeating a grade, special education), and rates of 
learning or developmental disorders in our cohort of IVF children aged 8- to 18 years, 
compared to that of the matched control group. 

Materials and methods

Population and participants 
The data described in this paper were derived from a large study performed between 
March 2003 and March 2006 on the growth, health, and psychological functioning of 
IVF children born between 1986 and 1995 (see for more details of the study popula-
tion Ceelen et al24). Families with a singleton child conceived by IVF conception in 
the VUmc, Amsterdam, the Netherlands, were invited by mail to participate in the 
study. Twins and children born from other reproductive techniques, such as ICSI, were 
excluded. Of the 354 invited IVF families, 12 children were not reachable because they 
moved or did not respond. Of the 342 families who could be traced, 96 parents and/
or children themselves refused to participate, whereas 246 agreed to take part in the 
study (representing a response rate of 69%). 

A control group of children spontaneously born between 1986 and 1995 from par-
ents who previously visited the Department of Gynecology of the VUmc with fertility 
problems was used. Children were selected and matched one-to-one on sex and age 
(±3 months) with the IVF children. Initially, 454 control families were invited, of which 
31 families were not reachable and three children were deceased. Of the 420 control 
families who could be traced, 233 children and their parents wanted to  participate in 
the study (response rate 51%). This means that for 13 IVF children, no matched con-
trol child was found. These 13 IVF children were excluded from the analysis and 233 
matched couples were included. 
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Families who refused to participate in the study received a questionnaire regard-
ing growth, health, education level of both parents and child, and other child 
characteristics. The participating children were significantly younger than non-
participants (12.2 (±2.6) years  versus 12.7 (±2.4) years, p<0.01) and mothers of partici-
pating children more often had a high education level (37% versus 24% in mothers 
of non- participating children, p<0.01). Differences were similar for the IVF and control 
population. 

Procedure and measurements
The study protocol was approved by the Medical Ethics Committee of the VUmc and 
Central Committee of Human Research (CCMO) in The Hague. Parents, and children 
from 12 years of age, signed informed consent forms prior to participation.

Children who participated in the study were seen at the VUmc for evaluation of 
the physical and developmental history and present growth, health, and psychologi-
cal functioning. Shortly before the hospital visit, parents were sent a questionnaire 
to fill in at home, to make an inventory of their fertility problems and treatment, the 
course of the pregnancy, and socio-demographic characteristics. For the current 
paper, the following data were used:

Perinatal and socio-demographic data: With respect to the pregnancy, the ges-
tational age and birth weight of the children were inquired. Gestational age was 
obtained by parents’ self-report, and the birth weight data were obtained from the 
hospitals’ birth certificates (49%), outpatient clinic reports (37%), or self-reporting by 
the parents (14%). From the parents, the age of the mother at delivery and the current 
age of the parents were calculated by using the child’s and parents’ birth dates and 
the date of the hospital visit for participation in the study. Parental education level 
was scored as low (elementary school or lower level of secondary school and voca-
tional training), middle (medium and higher level of secondary school or medium 
level of vocational training), or high (university or higher level of vocational training), 
and was evaluated in three ways: educational level of the mother, educational level of 
the father, and the highest educational level of one of either parent. Furthermore, it 
was registered whether the mother was a first time mother (primipara) or not. 

Education level of the child: In general, data were obtained about the current edu-
cation level of the child according to the levels of the Dutch school system. Subse-
quently, secondary school levels were grouped into low (lower level of secondary 
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school), middle (medium level of secondary school), or high (higher level of secondary 
school, e.g., school levels with access to higher vocational education or university). 

General cognitive ability: To screen whether there are differences in general cogni-
tive ability between the groups, the results of a national test of educational achieve-
ment (CITO) administered around the age of 12 in the last year of primary school were 
used. From the children in the study group who took the CITO test, permission was 
sought to use their score. In the Netherlands, this test is almost generally used to 
determine high school entrance level. The CITO scores correlate with IQ measures of 
0.63 at 12 years of age.25  

School performance and learning- and developmental disorders: School perfor-
mance was evaluated by the rate of children who needed extra lessons, repeated 
a grade, or who had attended special education during their school career so far. 
Moreover, the existence of learning or developmental disorders diagnosis, such as 
dyslexia, attention deficit hyperactivity disorder (ADHD) or autism, as reported by the 
parents, was registered.

Statistical analysis
The Statistical Package for Social Science (SPSS) Windows version 12.0 and Stata 8.0, a 
program for statistical data analyses, were used for the analyses. Perinatal and socio-
demographic data were analyzed by SPSS using a paired sample t-test for continuous 
data, McNemar test for dichotomous data, and Wilcoxon signed rank test for non-
dichotomous data. Perinatal and socio-demographic data that differed significantly 
between the groups were entered into further statistical analyses as covariates. Group 
comparisons for school performance and learning and developmental disorders were 
performed with Stata by using a random-effects logistic regression. Group compari-
son for CITO scores was done in SPSS using multiple linear regression. 
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Results

Perinatal and socio-demographic data
In Table 1, the characteristics of the 233 IVF and 233 age and sex-matched control chil-
dren and their parents are summarized. The mean age of the children was 12.20 years 
(SD ±2.61) in the IVF group and 12.21 years (SD ± 2.59) for the control children (the age 
range and distribution within both groups are presented in Figure 1). On average, the 
IVF children had a significantly shorter gestational age than children in the control 
group (38.91 versus 39.48 weeks, t (232)= -2.88, p=0.004). There was also a significant 
difference in the proportion of children born prematurely, i.e., <37 weeks (13% in the 
IVF versus 6% in the control group, χ2(1,n=233)=5.92, p=0.015). Birth weight was sig-
nificantly lower for IVF children than for controls (3217.7 versus 3427.6 grams, t (232)= 
-3.85, p=<0.001) and more IVF children had birth weights below 2500 grams (11% in 
the IVF versus 3.5% in the control group, χ2(1,n=232)=8.26, p=0.004).

Mothers’ age at delivery and mothers’ and fathers’ age at assessment did not dif-
fer significantly between the groups. In the IVF children, the mothers were signifi-
cantly more often primipara at their birth than the mothers of the children from the 
control group (80% in the IVF versus 46% in the control group, χ2(1,n=466)=46.44, 
p<0.001). Mothers (Z= -2.66, p=0.008) and, to a lesser extent, fathers (Z= -1.96, p=0.05) 
of IVF children more often had low or middle and less often had a high educational 
level than parents of children form the control group (see Table 1). 

The variables on which the groups differed (gestational age, birth weight, parity, 
and mothers’ educational level) were entered into the further statistical analyses as 
covariates. 

Education level and general cognitive ability
Table 2 demonstrates that, at the moment of evaluation, 53% of the children in both 
groups were in primary school, and 44% of the IVF and control children attended 
secondary school. About 2.5% of the children already attended vocational education 
or university, had left school, or had a job. 

At secondary school, a majority of both the IVF and control children (61% in the IVF 
and 67% in the control group, respectively) attended a high school level (with access 
to higher vocational education or university). Compared to the non-participants, at 
secondary school, participants more often had a high school level and less often had 
a low school level. This was the case in IVF as well as in control children. 
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Table 1. Child and parental characteristics of the in vitro fertilization (IVF) and control 
groups

IVF 
(n = 233)

Control
(n = 233)

p

Child

Boys/girls (%) 115 (49%)/118 (51%) 115 (49%)/118 (51%) n.s.

Age at assessment (years)
Mean (SD) 
Range

12.20 (±2.61)
8-18

12.21 (± 2.59)
8-18

n.s.

Gestational age (weeks)
Mean (SD)
Range

38.91 (± 2.48)
27-44

39.48 (± 1.85)
33-43

0.004

Premature (%)a 30 (13%) 14 (6%) 0.015

Birth weight (grams)
Mean (SD)
Range 

3217.7 (± 626.2)
870-5000

3427.6 (± 554.0)
1450-5110

<0.001

Low birth weight (%)b 26 (11%) 8 (3.5%) 0.004

Parents

Mothers’ age at birth (years)
Mean (SD)
Range 

34.62 (±3.77)
24.83-42.15

34.46 (±4.01)
23.76-43.26

n.s.

Mothers’ age at assessment
Mean (SD)
Range 

46.82 (±4.50)
35.11-58.04

46.66 (±4.27)
36.15-57.91

n.s

Fathers’ age at assessment
Mean (SD)
Range

49.26 (± 5.51)
36.25-71.79

49.32 (±5,23)
36.92-65.29

n.s.

Primipara (%) 186 (80%) 107 (46%) <0.001

Maternal education level#

Low (%)
Middle (%)
High (%)

(n=232)
50 (21.5%)
106 (45.5%)
76 (33%)

(n=233)
35 (15%)
99 (42.5%)
99 (42.5%)

0.008

Paternal education level#

Low (%)
Middle (%)
High (%)

(n=231)
45 (19.5%)
103 (44.5%)
83 (36%)

(n=232)
35 (15%)
96 (41.5%)
101 (43.5%)

0.050

Parental highest education level#

Low (%)
Middle (%)
High (%)

(n=232)
21 (9%)
101 (43.5%)
110 (47.5%)

(n=233)
19 (8%)
88 (38%)
126 (54%)

n.s.

Paired t-tests were used to compare group means, dichotomous data were analyzed using McNemar tests  
(# Wilcoxon Signed Rank test) 
n.s. = not significant
a Premature = born < 37 weeks of gestation
b Low birth weight = birth weight < 2500 grams
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CITO test scores were used to screen the level of general cognitive ability in both 
groups. Of the total group of 233 IVF and 233 control children, 101 IVF children (43%) 
and 92 control children (40%) did take a CITO test. Of the remaining children, 107 chil-
dren in the IVF (46%) and 112 children in the control group (48%) did not have a CITO 
score available because they did not taken the CITO test already, and 25 IVF children 
(11%) and 29 control children (12%) undertook another test in their last year to deter-
mine their advice for secondary school. 

CITO test scores of 74 IVF children (73%) and 66 control children (72%)  were really 
available for analyses. From the remaining children who did take a CITO test, the score 
was not received, even after repeated request to the parents (no significant  difference 
in the response rate between IVF and controls). As shown in Table 2, no significant dif-
ferences were found for CITO scores in the IVF versus the control groups. In the statis-
tical analysis, the gestational age, birth weight, parity, and maternal education level 
were entered as covariates. In both groups, the scores are above the overall Dutch 
population score (mean score 535) and above the score for children from urban dis-
tricts (mean 538; http://www.cito.nl). 

Figure 1.  Age range and distribution within the in vitro fertilization (IVF) and control 
groups
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Table 2.  Education level and general cognitive ability in the IVF and control groups
IVF  
(n = 233)
number (%)

control  
(n = 233)
number (%) p

Primary school 123 (52.8%) 124 (53.2%) n.s.

Secondary school 
           Level:
           low 
           middle 
           high 

104 (44.6%)

7 (6.7%)
34 (32.7%)
63 (60.6%)

103 (44.2%)

5 (4.9%)
29 (28.2%)
69 (66.9%)

n.s.

n.s.

Vocational education/
university 

5 (2.1%) 4 (1.7%) n.s.

Left school and/or job 1 (0.4%) 2 (0.9%) n.s.

IVF 
(n = 74)
Mean (Sd)

control
(n = 66)
Mean (Sd)

adjusted difference *
(IVF-control) p

CITO test score 539.43 (±9.5) 540.70 (±7.9) -1.37 0.377

* with covariates parity, maternal education level, gestational age, and birth weight in the univariate linear 
model

n.s. = not significant

School performance and learning- or developmental disorders  
As shown in Table 3, no differences were found between the IVF and control groups 
on the need for extra lessons, repeating a grade, or attending special education. Ges-
tational age, birth weight, parity, and maternal education level were entered in the 
statistical analysis as covariates. A total of 38% of the IVF children and 39% of the 
control children needed extra lessons and 21% versus 22% repeated a grade, most 
children on nursery and primary school. In both the IVF and control groups, 6% of the 
children attended special education (primary and/or secondary school). According 
to the parents, in 14% of the IVF children and 18% of the control children, a learning 
or developmental disorder has been diagnosed. Also, this difference does not reach 
statistical significance. Dyslexia is the most common disorder in both groups (about 
7%). Also, 3% of the IVF and 5% of the control children have a combination of diag-
noses, such as ADHD and an autistic disorder or dyslexia and ADHD. In the IVF group, 
but not in the control group, motor coordination disorders due to cerebral palsy are 
present (n=3). 

Excluding children with learning or developmental disorders from the analyses 
did not lead to significant differences between the groups. Rather, a somewhat lower 
proportion of children in both the IVF and control group then needed extra lessons, 
repeated a grade, or attended special education (results not shown in table).   
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Table 3.  Extra lessons, repeated a grade, special education, and the existence of  learning 
or developmental disorders in the IVF and control groups

IVF 
(n = 233)
number (%)

control 
(n = 233)
number (%)

adjusted
odd ratio* p

Extra lessons 88 (37.8%) 91 (39.1%) 1.02 0.927

Repeated a grade 48 (20.6%) 52 (22.3%) 0.94 0.800

Nursery school 17 (6,9%) 14 (6,0%)

Primary school 21 (8,5%) 20 (8,6%)

Secondary school 6 (2,4%) 5 (2,1%)

More than once 1 (0,4%) 0 (0,0%)

Repeated a grade followed by special 
education

11 (4,5%) 16 (6,9%)

Special education 15 (6.4%) 16 (6.9%) 0.90 0.791

Learning- or developmental disorder 32 (13.7%) 42 (18.0%) 0.73 0.310

Dyslexia 14 (6.0%) 18 (7.7%)

Non-verbal learning disorder 1 (0.4%) 5 (2.1%)

Learning disabled 4 (1.7%) 5 (2.1%)

ADHD 2 (0.9%) 3 (1.3%)

Autistic disorder 1 (0.4%) 0 (0.0%)

Motor coordination problems/
Cerebral Palsy

3 (1.3%) 0 (0.0%)

Combination 7 (3.0%) 11 (4.7%)

* with covariates parity, maternal education level, gestational age, and birth weight in the random-effects 
logistic regression

Discussion

In this paper, we described school functioning of a large cohort of IVF singletons born 
between 1986 and 1995 after conception in the VUmc in the Netherlands. All chil-
dren, 8-18 years of age, were at the end of primary school or in secondary school, 
school years on which no conclusive data were yet available. Our findings in IVF chil-
dren were compared to that of matched control children born spontaneously after a 
period of subfertility in their parents. The use of this control group gave us the oppor-
tunity to equalize as much as possible important parental differences and evaluate 
the role of IVF as such on the child’s development.

We found no indications for educational limitations in IVF children at the end of pri-
mary and in secondary school. As many IVF as control children needed extra lessons, 
repeated a grade, or attended special education. IVF children did not have learning 
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and developmental disorders more often than children from the control group. Also, 
on general cognitive ability, no differences were found between IVF and control chil-
dren, and their scores were above the overall Dutch population score and the score 
for children from urban districts. The distribution of low, middle, or high education 
level in the children at secondary school did not differ between the groups and was 
comparable to the distribution found in the parents. More than 60%  of  adolescents 
at secondary school attended a high academic level (with access to higher vocational 
education or university). 

Our findings are reassuring and in line with the studies in young IVF chil-
dren4-8,10-14,17-20 and at primary school age.21-23 Olivennes et al22 found, in a follow-up 
study of 422 IVF children aged 6 to 13 years, according to the French school system, 
that 92.2% of the children had at least average school achievement. In 1- to 9-year-old 
IVF children conceived from cryopreserved embryos, the same authors found com-
parable results for scholastic performance in the school-age children.23 Levy-Shiff et 
al21 examined 9- and 10-year-old IVF children in comparison with naturally conceived 
children recruited from the IVF children’s schools and found that intelligence did not 
differ between the groups. In addition, our findings show also that the tendency of 
good educational outcome in IVF children continues at secondary school. 

However, before drawing any definite conclusions, some aspects have to be con-
sidered. With the selected control group in our study, we tried to equalize important 
parental factors. While most aspects were similar, unfortunately, there were some dif-
ferences in education level of the parents. Parents of control participants appeared to 
be more often higher educated than IVF parents. By using maternal education level 
as a covariate, we tried to correct for this difference, as we did also for differences in 
parity, gestational age, and birth weight. In addition, in our study population, the 
participants were more highly educated than non-participants. This could have led 
to an underestimation of the number of children having extra lessons, repeated a 
grade, attending special education, or having a learning or developmental disorder, 
and the enhancement of the mean values of the CITO score. Therefore, the precise 
proportions have to be considered with some caution. Although education level dif-
ferences were similar in IVF and control (non-)participants, we stress the importance 
of including lower educated IVF children in future studies.

Notwithstanding the above, we conclude that the tendency of reassuring school 
functioning already found in younger IVF children has been shown to continue at 
secondary school age. 



53

SCHOOL FUNCTIONING 

References

1. Edwards RG, Steptoe PC. Birth after the reimplantation of a human embryo. Lancet 1978; 2: 
366.

2. Helmerhorst FM, Perquin DAM, Donker D, Keirse MJNC. Perinatal outcome of singleton and 
twins after assisted reproduction: a systematic review of controlled studies. BMJ 2004; 328: 
261.

3. Ludwig AK, Sutcliffe AG, Diedrich K, Ludwig M. Post-neonatal health and development of chil-
dren born after assisted reproduction: a systematic review of controlled studies. Eur J Obstet 
Gynecol Reprod Biol 2006; 127: 3-25.

4. Brandes JM, Scher A, Itzkovits J, Thaler I, Sarid M, Gershoni-Baruch R. Growth and develop-
ment of children conceived by in vitro fertilization. Pediatrics 1992; 90: 424-429.

5. Gershoni-Baruch R, Scher A, Itskovitz J, Thaler I, Brandes JM. The physical and psychomo-
tor development of children conceived by IVF and exposed to high-frequency vaginal ultra-
sonography (6.5 MHz) in the first trimester of pregnancy. Ultrasound Obstet Gynecol 1991; 1: 
21-28. 

6. Gibson FL, Ungerer JA, Leslie GI, Saunders DM, Tennant CC. Development, behaviour and 
temperament: a prospective study of infants conceived through in-vitro fertilization. Hum 
Reprod 1998; 13: 1727-1732.

7. Koivurova S, Hartikainen AL, Sovio U, Gissler M, Hemminki E, Jarvelin MR. Growth, psychomo-
tor development and morbidity up to 3 years of age in children born after IVF. Hum Reprod 
2003; 18: 2328-2336.

8. Morin NC, Wirth FH, Johnson DH, Frank LM, Presburg HJ, Van de Water VL, Chee EM, Mills JL. 
Congenital malformations and psychosocial development in children conceived by in vitro 
fertilization. J Pediatr 1989; 115: 222-227.

9. Olivennes F, Fanchin R, Ledee N, Righini C, Kadoch IJ, Frydman R. Perinatal outcome and 
developmental studies on children born after IVF. Hum Reprod Update 2002; 8: 117-128. 

10. Raoul-Duval A, Bertrand-Servais M, Frydman R. Comparative prospective study of the psy-
chological development of children born by in vitro fertilization and their mothers. J Psycho-
som Obstet Gynaecol 1993; 14: 117-126.

11. Raoul-Duval A, Bertrand-Servais M, Letur-Konirsch H, Frydman R. Psychological follow-up of 
children born after in-vitro fertilization. Hum Reprod 1994; 9: 1097-1101.

12. Ron-El R, Lahat E, Golan A, Lerman M, Bukovsky I, Herman A. Development of children born 
after ovarian superovulation induced by long-acting gonadotropin-releasing hormone ago-
nist and menotropins, and by in vitro fertilization. J Pediatrics 1994; 125: 734-737.

13. Sutcliffe AG, D’Souza SW, Cadman J, Richards B, McKinlay IA, Lieberman B. Minor congeni-
tal anomalies, major congenital malformations and development in children conceived from 
cryopreserved embryos. Hum Reprod 1995; 10: 3332-3337.

14. Wennerholm UB, Albertsson-Wikland K, Bergh C, Hamberger L, Niklasson A, Nilsson L, 
Thiringer K, Wennergren M, Wikland M, Borres MP. Postnatal growth and health in children 
born after cryopreservation as embryos. Lancet 1998; 351: 1085-1090.

15. Buitendijk SE. Children after in vitro fertilization: an overview of the literature. Int J Technol 
Assess Health Care 1999; 15: 52-65.



54

CHAPTER 3

16. Mushin DN, Barreda-Hanson MC, Spensley JC. In Vitro Fertilization children: early psychoso-
cial development. J In Vitro Fertil Embryo Transfer 1986; 3: 247-252.

17. Cederblad M, Friberg B, Ploman F, Sjoberg NO, Stjernqvist K, Zackrisson E. Intelligence and 
behavior in children born after in-vitro fertilization treatment. Hum Reprod 1996; 11: 2052-
2057.

18. Leslie GI, Gibson FL, McMahon C, Cohen J, Saunders DM, Tennant C. Children conceived using 
ICSI do not have an increased risk of delayed mental development at 5 years of age. Hum 
Reprod 2003; 18: 2067-2072.

19. Place I, Englert y. A prospective longitudinal study of the physical, psychomotor and intellec-
tual development of singleton children up to 5 years who were conceived by intracytoplsmic 
sperm injection compared with children conceived spontaneously and by in vitro fertiliza-
tion. Fertil Steril 2003; 80: 1388-1397.

20. Ponjaert-Kristoffersen I, Bonduelle M, Barnes J, Nekkebroeck J, Loft A, Wennerholm UB, Tar-
latzis BC, Peters C, Hagberg BS, Berner A, Sutcliffe AG. International collaborative study of 
intracytoplasmic sperm injection conceived, in vitro fertilization conceived and naturally 
conceived 5-year-old child outcomes: cognitive and motor assessments. Pediatrics 2005; 115: 
283-289.

21. Levy-Shiff R, Vakil E, Dimitrovsky L, Abramovitz M, Shahar N, Har-Even D, Gross S, Lerman M, 
Levy I, Sirota L, Fish B. Medical, cognitive, emotional and behavioral outcomes in school-age 
children conceived by in-vitro fertilization. J Clin Child Psychol 1998; 27: 320-329.

22. Olivennes F, Kerbrat V, Rufat P, Blanchet V, Fanchin R, Frydman R. Follow-up of a cohort of 422 
children aged 6-13 years conceived by in vitro fertilization. Fertil Steril 1997; 67: 284-289.

23. Olivennes F, Schneider Z, Remy V, Blanchet V, Kerbrat V, Fanchin R, Hazout A, Glissant M, Fer-
nandez H, Dehan M, Frydman R. Perinatal outcome and follow-up of 82 children aged 1-9 
years old conceived from cryopreserved embryos. Hum Reprod 1996; 11: 1565-1568. 

24. Ceelen M, van Weissenbruch MM, Roos JC, Vermeiden JPW, van Leeuwen FE, Delemarre-van 
de Waal HA. Body composition in children and adolescents born after in vitro fertilization or 
spontaneous conception. J Clin Endocrin Metab 2007; 92: 3417-3423. 

25. Bartels M, Rietveld MJH, van Baal GCM, Boomsma DI. Heritability of educational achievement 
in 12-year-old and the overlap with cognitive ability. Twin Res 2002; 5: 544-553.



 

4
Information processing, attention and  

visual-motor function of adolescents  
born after in vitro fertilization  

compared with spontaneous conception

Karin Wagenaar, Mirjam M. van Weissenbruch, Dirk L. Knol, Peggy T. Cohen-Kettenis,  
Henriette A. Delemarre-van de Waal and Jaap Huisman

Human Reproduction 2009; 24: 913-921



56

CHAPTER 4 

Abstract 

Background: Adverse conditions during prenatal life are associated with changes in 
physical and mental functioning in later life, as shown in children born preterm 
or small for gestational age. While recently in in vitro fertilization (IVF) children 
cardio metabolic differences have been demonstrated, there might also be risks 
for disturbance in cognitive functions. Therefore, this study examined informa-
tion processing, attention and visual-motor function in pubertal IVF children 
compared with spontaneously conceived controls from subfertile parents. Results 
of these cognitive functions were then related to cardiometabolic measures to 
explore whether both can be explained by changes in fetal programming due to 
IVF.  

Methods: A total of 139 IVF and 143 control adolescents underwent various  neuro-
psychological tests to measure information processing, attention and visual-
motor function. The results were then related to data on blood pressure and glu-
cose levels previously obtained from the same groups.

Results: No differences between IVF and control adolescents were found in the vari-
ous test results for information processing and attention. A slight difference was 
found between the groups for motor speed, but these scores were within the 
normal range for the tests. No direct relation was found between cognitive mea-
sures and cardiometabolic outcome. 

Conclusions: Comparison of IVF adolescents and controls revealed no disturbances 
in information processing, attention and visual-motor function. In addition, these 
cognitive functions were not directly related to cardiometabolic outcome. There-
fore, these results do not support the hypothesis that cognition is influenced by 
IVF conception or an altered programming of metabolic systems due to IVF, and 
indicate that cognitive abilities in IVF children, as measured by the tasks assessed, 
appear to develop normally. 
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Introduction

There is increasing evidence that environmental influences during prenatal life are 
associated with changes in physical and mental functioning in later life. These asso-
ciations are thought to be the consequence of altered programming of physiological, 
metabolic and endocrine systems during critical or sensitive periods in early life. It has 
been shown that pregnancies leading to small for gestational age or preterm birth 
give rise to elevated blood pressure, disturbed insulin-glucose ratio, and increased 
body fat in adolescent and adult life. 1-6 The period around fertilization is one of the 
critical times when the developing conceptus may be susceptible to environmen-
tally-induced changes. Studies in animals demonstrated that embryo manipulation 
techniques are linked to long-term alterations in the characteristics of fetal and post-
natal growth and development.7,8 The in vitro fertilization (IVF) process in humans 
might affect the vulnerable developmental processes occurring during early prenatal 
life and may result in long-term perturbations of developmental pathways. A study 
was therefore performed to examine growth, physical functioning, and development 
in 8- to 18-year-old children born to subfertile parents who were either successfully 
treated with IVF or who eventually conceived spontaneously. In this study, increased 
blood pressure, a higher fasting glucose level, and more body fat were found in IVF 
children compared with the spontaneously conceived children.9,10 This seems to con-
firm the hypothesis of ‘prenatal programming’, similar to that in children born small 
for gestational age or preterm.   

Besides differences in metabolic function, alterations in cognitive functions have 
more frequently been found in children born preterm or small for gestational age.11-13 
In preterm and very-low-birth-weight children, a wide range of specific neurocogni-
tive functions seem to be compromised. Recent reviews suggest that especially visual-
perceptual and motor-related skills, as well as executive and attentional functioning, 
may be at risk.14-16 The broad range of cognitive, motor and behavioural problems 
described in children born preterm or of low birth weight indicates possible early 
and diffuse brain injury, and subsequent impairment of neural networks and brain 
development.16 On the basis of the similarity in abnormalities in the physical domain 
between preterm/low-birth-weight children and IVF children, and bearing in mind 
the rather different early prenatal environment of IVF embryos, it seems important 
to examine the long-term cognitive outcomes in IVF children. General intelligence 
among IVF children is reported to be reassuring.17-22 However, apart from one study 
measuring visual-motor coordination, visual memory, and language comprehension 



58

CHAPTER 4 

in 9- to 10-year-old IVF children18, more specific cognitive functions have not been 
investigated. Neurodevelopmental outcome is the result of a very complex interac-
tion between biological and environmental factors, and IVF children may be exposed 
to the same potential risk factors as children born preterm or small for gestational 
age. Therefore, we hypothesized that IVF children might be at risk for disturbances in 
specific cognitive abilities, and it was decided to asses information processing, atten-
tional functioning and visual-motor functioning in IVF children.

The present study examines whether these specific cognitive functions are influ-
enced by IVF conception. In addition, based on the cardiometabolic differences found 
in our cohort of IVF children10, we attempted to relate these cognitive functions to 
cardiometabolic outcome to explore whether both may be associated with changes 
in fetal programming due to IVF.  

Materials and methods

Participants and procedure
The data for this study were derived from a large study on the growth, health, and 
psychological functioning (cognitive and psychosocial) of 8- to 18-year-old IVF chil-
dren born between 1986 and 1995. Figure 1 in Appendix 1 gives an overview of the 
inclusion process and the study population (see Ceelen et al9,10 for more details on the 
study population and procedure). A total of 354 families with a singleton child born 
from IVF conception during 1986-1995 at the VU University Medical Center Amster-
dam (VUmc), The Netherlands, were invited by mail to participate. Twins, multiples, 
and children born from other reproductive techniques (such as ICSI) were excluded. 
As control group, 454 children spontaneously born between 1986 and 1995 to  couples 
who visited the Department of Gynaecology with former fertility problems were 
invited to participate. Control children were matched one-to-one for sex and age (±3 
months) with the IVF children. Finally, 69% of the approached IVF children and 51% 
of the approached controls agreed to participate, resulting in 246 IVF and 233 control 
children available for this study. This means that for 13 IVF children no matched con-
trol child was found; these 13 children were excluded from further analyses, resulting 
in 233 matched pairs.

To explore information processing, attention and visual-motor function, partici-
pants from the IVF and control group (i.e. 233 matched pairs) reaching physical puberty 
stage II according to Tanner23 were selected to undergo further psychological assess-
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ment. This subpopulation consisted of 139 adolescents conceived by IVF and 143 
control adolescents. The psychological assessments were performed between March 
2004 and March 2006. Most children and their parent(s) were seen at the VUmc on 
the same day they visited the hospital for physical examination. Psychological assess-
ment of the children was conducted using standardized (computer) tests for neuro-
psychological evaluation. Assessment and scoring of the tests was done by a trained 
child psychologist. The study was approved by the Medical Ethics Committee of the 
VUmc and the Central Committee for Human Research (CCMO, The Hague). Parents, 
and children aged 12 years and older, signed standard informed consent forms.

Measures
Perinatal and demographic data

Perinatal and demographic data were already available from the overall study. 
Because preterm birth/low birth weight of the child, as well as the parent’s educa-
tion level, are known to be related to the child’s cognitive abilities, information on 
these aspects was included in the present study. Also included was information on 
 learning or developmental disorders in the children, age of the parents, and informa-
tion on parity. In the overall study population, only the education level of the mothers 
showed a significant difference between the IVF group and controls (p<0.05). Since 
neither the fathers’ nor the parents’ highest education level was significantly differ-
ent22, only the maternal education level was included in the present study. Maternal 
education level was divided into low (elementary school or lower level of second-
ary school and vocational training), middle (medium and higher level of secondary 
school or medium level of vocational training), and high (university or higher level of 
vocational training). 

General cognitive ability

General cognitive ability was screened to establish whether any differences in general 
intelligence existed between the two groups; this is required to enable interpretation 
of the specific cognitive measures. General cognitive ability was measured using the 
Dutch CITO test scores. The CITO test is a national test of educational achievement 
administered in the last year of primary school (at circa 12 years of age). In the Nether-
lands, this test is generally used to determine high-school entrance level. There is a 
0.63 correlation between the CITO scores and the IQ measures at 12 years of age.24 For 
the children in the present study who had performed the CITO test, permission was 
obtained from the parents to use their score. 
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Information processing, attention and visual-motor function

A series of neuropsychological tests, designed to measure the various aspects of 
information processing, attention, and visual-motor function, was individually 
administered to each adolescent. We used the Amsterdam Neuropsychological 
Tasks (ANT) computer-based program, supplemented by international well-known 
(paper-and-pencil) tests. The ANT program has previously been used in international 
 published studies to examine neurocognitive deficits in various patient groups25-27 
and is reported to be a reliable and valid instrument. 28  

Information processing and attention: Information processing and attention were 
measured using the Trailmaking Test29 and three subtests of the ANT program.30  

The Trailmaking Test is a paper-and-pencil test consisting of parts A and B in which 
the child has to connect numbers (part A), and numbers and letters in alternating 
order (part B), as quickly as possible in the correct sequence by drawing lines between 
them. It assesses speed and accuracy of attention, as well as the capacity for mental 
shifting. In addition, visual-motor function is a factor in the performance of this test. 
Scores are given for the time (seconds) taken to complete the task and the number 
of errors made, separately for parts A and B, as well as combined. Two versions were 
used: one for children aged up to 14 years (15-stimuli version), and another for chil-
dren aged 15 years and older (25-stimuli version). 

On the ANT Baseline Speed test (a visual reaction-time task), the child has to react 
as quickly as possible by pressing a response button (mouse key) when a ‘cross’ in 
the center of the computer monitor changes into a ‘square’; following the response, 
the ‘cross’ appears again. There are separate trials for the right and left index finger. 
Scores are given for speed (milliseconds; ms) and stability of reaction.   

The ANT Memory Search Letters is a divided attention task in which the child has 
to distinguish (in three series) whether a target letter (‘k’ in series 1) or a combina-
tion of target letters (‘k’ and ‘r’ in series 2; and ‘k’, ‘r’ and ‘s’ in series 3) is projected 
between other letters on the computer screen, and has to confirm or reject this by 
using the left and right response button, respectively. Scores are given for the reac-
tion time (ms) of correct responses (hit and correct rejection) and the number of false 
responses (miss and false alarm). 

ANT Sustained Attention dots is a continuous performance test in which the child 
has to discriminate between three, four or five dots that appear in 50 series of 12 pat-
terns on the computer screen. Presentation of four dots requires the child to press 
one mouse key and presentation of three or five dots the other key. The children are 
informed about errors by means of a ‘beep’ signal. Reaction time (ms) of the correct 
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responses (hit and correct rejection) and the number of false responses (miss and 
false alarm) are computed as main outcome parameters. 

Visual-motor function: Visual-motor function was measured using the Beery-
 Buktenica test for Visual Motor Integration (VMI), Visual Perception (VP), and 
Motor Coordination (MC)31,32, as well as two subtests of the ANT30, and the Purdue 
Pegboard.33,34  

On the Beery VMI, the child has to copy figures with a pencil at his/her own tempo; 
a score is given for the number of correct figures copied. On the Beery VP, the child has 
to recognize the target figure between comparable figures, and on the Beery MC, the 
child has to draw the target figures between lines. On both the VP and MC, there is a 
maximum time limit; scores are based on the number of correct items within the time 
limit. All scores on the three Beery subtests can be transformed to T-scores in order 
to make comparisons with Dutch population norms. However, in the present study 
raw scores were used to compare the two groups. The Beery test is reported to have 
good reliability/validity.32    

The ANT Pursuit test was used to measure accuracy and stability of movement 
along an unpredictable trajectory. The child has to follow a randomly moving target 
(a small star) on the computer screen with the cursor by moving the mouse with the 
left and right hand over a period of 60 seconds. The mean distance between the tar-
get and the cursor (and the standard deviation of the deviation) reflects the accuracy 
and stability of the planning and execution of movements. 

The ANT Tapping task was used to measure motor speed. The child has to tap with 
his/her left forefinger, right forefinger, and both forefingers alternating, and synchro-
nized as often as possible during the task time. Scores are given for the number of 
taps, with a higher score indicating higher speed. Both the ANT Pursuit and Tapping 
test are reported to be sensitive for detection of specific motor deficits.25,26 

The Purdue Pegboard, a test for fine motor coordination, consists of a board with 
two parallel rows of 25 holes in each row. Pins, collars, and washers are located in four 
cups at the top of the board. The child has to place as many pins in the holes as it can 
from top to bottom within 30 seconds. Left, right, and both hands are simultane-
ously tested. In a fourth (more complex) part of the test, as many ‘assemblies’ as pos-
sible (consisting of a pin, a washer, a collar, and second washer) have to be built with 
both hands within 60 seconds. For each subpart, the total number of placed pins, or 
assemblies built, is counted. A higher score indicates better fine motor coordination. 
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Blood pressure and glucose level

After analysing the data on information processing, attention and visual-motor func-
tion between the IVF and control group, we investigated whether the outcome on 
these cognitive functions was related to the outcome of the metabolic parameters 
studied in these groups (see Ceelen et al10). Therefore, data on systolic and diastolic 
blood pressure and glucose levels were divided into quartiles to explore whether 
children in the highest quartiles had different scores for the cognitive measures com-
pared with children in the lower quartiles. In addition, differences between IVF and 
control children were examined to assess the role of mode of conception.     

Statistical analyses
The Statistical Package for Social Science (SPSS) Windows version 12.0 was used for 
all analyses. First, the IVF and control groups were compared on perinatal and demo-
graphic variables using independent samples t-tests and chi-square tests. Group 
comparisons for CITO test scores and the specific cognitive measures were made 
using multiple linear regression. Differences were considered statistically significant 
if p ≤0.05 (two-tailed). Perinatal and demographic variables that differed significantly 
between the groups were included in the model as covariates; maternal education 
level was entered as a sociodemographic variable. To test whether a relationship 
exists between information processing, attention, visual-motor function, metabolic 
parameters and mode of conception, ANCOVA with post hoc analyses were made 
between groups. Age and sex of the child were included as covariates. 
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Results

Child characteristics and perinatal and demographic variables
The characteristics of the 139 IVF and 143 control adolescents participating in the 
present study are summarized in Table 1. Age of the children ranged from 9 to 18 
years. Mean age in the IVF group was 13.6 (±2.1) years and in the control group was 

Table 1. Child and parental characteristics of the IVF and control groups
IVF 
(n = 139)

control 
(n = 143) p

Child

Boys (%)
Girls (%)

67 (48%)
72 (52%)

68 (48%)
75 (52%)

n.s.

Age at assessment (years)
Mean (SD)
Range

13.6 (±2.1)
9-18

13.5 (±2.1)
9-18

n.s.

Gestational age (weeks)
Mean (SD)
Range

38.9 (±2.6)
27-43

39.6 (±1.8)
33-43

0.016

Premature (%)a 19 (14%) 8 (6%) 0.036

Birth weight (grams)
Mean (SD)
Range

3225 (±654)
1030-5000

3418 (±487)
1910-4630

0.005

Low birth weight (%)b 16 (11.5%) 5 (3.5%) 0.019

Learning or developmental 
disorder (%)

19 (13.5%) 26 (18%) n.s.

Parents

Mothers’ age at birth (years)
Mean (SD)
Range

34.6 (±3.7)
24.8-42.2

34.3 (±4.3)
23.8-43.3

n.s.

Mothers’ age at assessment
Mean (SD)
Range

48.2 (±4.2)
36.4-57.9

47.8 (±4.3)
39.0-57.9

n.s.

Fathers’ age at assessment
Mean (SD)
Range

50.4 (±5.6)
36.3-69.0

50.3 (±5.3)
38.1-65.3

n.s.

Primiparae (%) 110 (79%) 72 (50%) <0.001

Maternal education level 
Low (%)
Middle (%)
High (%)

33 (24%)
68 (49%)
38 (27%)

26 (18%)
58 (41%)
59 (41%)

0.047

t-tests were used to compare group means on continuous variables, chi-square tests were used to compare 
group proportions for categorical variables  
n.s. = not significant 
a Premature = born < 37 weeks of gestation 
b Low birth weight = birth weight < 2500 grams
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13.5 (±2.1) years. IVF adolescents had a significantly shorter gestational age than those 
in the control group (38.9 versus 39.6 weeks, t (251) = -2.43, p=0.016) and significantly 
lower birth weights (3225 versus 3418 grams, (t (255) = -2.81, p=0.005). There was no 
significant difference in the proportion of children having a learning or developmen-
tal disorder; almost 14% of the IVF and 18% of the control children had a disorder such 
as dyslexia, non-verbal learning disorder, learning disability, ADHD, autistic disorder, 
or a combination of disorders (see Wagenaar et al22 for more detailed information). 
Cerebral palsy/motor coordination disorder was present in three of the IVF children 
and in none of the control children.    

Parental characteristics are also summarized in Table 1. Mothers’ age at birth did 
not differ significantly between the groups. Mothers of IVF adolescents were signifi-
cantly more often first-time mothers (primiparae) than mothers of those in the control 
group, i.e. 79% in the IVF versus 50% in the control group (χ2 (1,282)=24.28, p<0.001). 
Also, there was a significant difference between the two groups for maternal educa-
tional level (χ2 (1,282)=6.12, p=0.047); mothers of IVF adolescents more often had a 
low or middle education level and less often a high education level than mothers of 
those in the control group. 

Because gestational age and birth weight of the children, parity, and mothers’ 
education level differed significantly between the two groups, these variables were 
entered into further analyses as covariates. 

General cognitive ability
The CITO test scores were used to check whether differences exist in general cogni-
tive ability between the two groups. In total, 88 children from the 139 IVF children 
(63%) and 86 from the 143 control children (60%) had taken a CITO test. The remain-
ing children had no CITO score because they were not yet in the last year of primary 
school, or had taken another type of test to get advice for secondary education. Of 
those with CITO test scores, 74 of the 88 IVF children (84%) and 66 of the 86 control 
children (77%) were available for analyses. Of the remaining children who had taken 
a CITO test, the scores were never received, despite repeated requests to the parents. 
Table 2 shows that there were no significant differences in the CITO scores between 
the IVF and control groups. In both groups, the scores are above the general Dutch 
population score (mean score 535) and above the score for children from urban dis-
tricts (mean 538; http://www.cito.nl). 
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Information processing and attention
Table 2 presents the results of the tests measuring information processing and atten-
tion. Although IVF adolescents generally needed more time to respond to the tasks 
than the control group, none of the between-group differences was significant. 
 Similarly, no between-group differences were found in the number of false responses 
during the tasks.  

Visual-motor function
Table 3 presents the mean scores for all visual-motor-tasks. On the Beery test, a sig-
nificant difference was found between the two groups for VP, with IVF adolescents 
performing worse than the control group on recognition of figures. However, when 
comparing the IVF adolescents’ score with the test norm data, their score is exactly 
the mean score (T-score = 50) and thus within the normal range. No significant dif-
ferences were found between the two groups on the Pursuit task. On the Purdue 
Pegboard, the IVF adolescents had slightly lower scores than controls, with the score 
on their dominant hand showing a significant difference. On the Tapping task, IVF 
adolescents tapped slower and obtained lower scores than control adolescents; sig-
nificant differences were found for the dominant and non-dominant finger, but not 
for the tasks using both fingers. The IVF group included three children with motor 
handicaps due to cerebral palsy; however, when these three children were excluded 
from the analyses, the significant differences on the Purdue Pegboard and the Tap-
ping task remained.
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Table 2. Information processing and attention in the IVF and control groups

IVF 
Mean (Sd)

control 
Mean (Sd)

adjusted 
differences*
(IVF-control) p

CITO test score 539.4 (±9.5) 540.7 (±7.9) -1.371 0.377

Trailmaking Test

≤ 14 years
Time Aa

Time Ba

Time ABa

Error A
Error B
Error AB

17.44 (±8.4)
31.83 (±16.9)
49.27 (±24.3)
0.12 (±0.4)
0.39 (±0.8)
0.51 (±0.9)

16.13 (±6.7)
28.86 (±10.1)
44.99 (±15.3)
0.09 (±0.3)
0.25 (±0.7)
0.34 (±0.7)

1.436
3.393
4.829
0.022
0.132
0.154

0.222
0.110
0.121
0.664
0.231
0.204

≥ 15 years 
Time Aa

Time Ba

Time ABa

Error A
Error B
Error AB

28.54 (±8.8)
66.44 (±17.5)
94.97 (±24.2)
0.28 (±0.6)
0.36 (±0.8)
0.64 (±0.9)

25.35 (±7.2)
59.35 (±23.0)
84.70 (±25.3)
0.22 (±0.5)
0.45 (±0.9)
0.67 (±0.9)

0.391
0.467
0.858
0.108
-0.353
-0.245

0.832
0.924
0.880
0.401
0.074
0.267

Baseline Speed

Speed 
Dominant handb 
Non-dominant handb

Totalb

299.59 (±77.9)
300.07 (±56.8)
299.90 (±64.4)

292.07 (±35.1)
296.95 (±39.7)
294.46 (±33.8)

11.825
6.773
9.425

0.123
0.278
0.150

Stability
Dominant hand
Non-dominant hand
Total

82.88 (±79.7)
78.34 (±71.0)
87.58 (±69.9)

70.33 (±48.8)
76.44 (±77.1)
79.56 (±58.0)

10.274
2.685
6.189

0.225
0.782
0.457

Memory Search Letters

Series 1 (‘k’)
Hit (time)b

Correct rejection (time)b

Miss (number)
False alarm (number)

807.6 (±192.5)
900.5 (±222.9)
1.62 (±1.4)
0.44 (±0.7)

804.8 (±143.8)
902.7 (±171.8)
1.57 (±1.4)
0.62 (±1.4)

9.771
4.292
0.041
-0.164

0.652
0.867
0.825
0.258

Series 2 (‘k’, ‘r’)
Hit (time)b 1054.4 (±280.9) 1045.5 (±221.8) 13.817 0.671

Correct rejection (time)
No letterb

One letterb
1019.3 (±301.4)
1229.8 (±350.0)

1013.9 (±226.1)
1217.3 (±263.4)

15.950
22.398

0.640
0.573

Miss (number) 1.85 (±1.7) 2.2.1 (±1.8) -0.436 0.052

False alarm (number)
No letter
One letter

0.33 (±0.7)
0.86 (±1.1)

0.38 (±0.7)
1.01 (±1.2)

-0.046
-0.186

0.607
0.209

Series 3 (‘k’, ‘r’, ‘s’)
Hit (time)b 1221.9 (±415.4) 1207.5 (±329.8) 27.500 0.568

Correct rejection (time)
No letterb

One letterb 
Two lettersb

1022.4 (±353.0)
1162.4  (±398.6)
1391.7 (±473.3)

1004.9 (±262.0)
1144.8 (±320.5)
1375.5 (±353.6)

46.165
32.330
20.947

0.244
0.488
0.695

Miss (number) 2.41 (±2.0) 1.93 (±1.7) 0.284 0.234
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IVF 
Mean (Sd)

control 
Mean (Sd)

adjusted 
differences*
(IVF-control) p

False alarm (number)
No letter
One letter
Two letters

0.25 (±0.6)
0.34 (±0.6)
1.05 (±1.3)

0.29 (±0.6)
0.38 (±0.8)
0.93 (±1.1)

-0.047
-0.020
0.139

0.542
0.822
0.348

Sustained Attention Dots

Hit (time)b 902.8 (±248.6) 929.0 (±231.1) -14.974 0.634

Correct rejection (time)
3 dotsb

5 dotsb
802.4 (±225.3)
1036.3 (±394.5)

834.2 (±209.5)
1069.3 (±392.3)

-27.410
-30.674

0.331
0.550

Miss (number) 17.82 (±12.4) 17.63 (±14.3) 0.849 0.849

False alarm (number)
3 dots
5 dots

4.38 (±5.3)
6.07 (±4.8)

4.31 (±5.0)
6.82 (±6.3)

0.157
-0.966

0.816
0.193

* with covariates parity, maternal education level, gestational age, and birth weight in the univariate linear 
model

a time in seconds
b time in milliseconds

Information processing, attention and visual-motor function related to 
metabolic parameters
Table 4 presents (in quartiles) the systolic and diastolic blood pressure and glucose 
levels for the adolescent subgroup participating in the present study. For all three 
parameters, more IVF than control adolescents fell in the highest quartiles. For systolic 
as well as diastolic blood pressure and glucose level, no significant differences were 
found in Trailmaking, Baseline Speed, Memory Search Letters, Sustained Attention 
Dots, Beery, Pursuit, Purdue Pegboard, and Tapping outcomes between the highest 
and lowest quartiles within the groups, or between the IVF and the control groups.  
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Table 4. Distribution (in quartiles) of diastolic and systolic blood pressure and fasting 
glucose levels in the IVF and control groups

IVF control  p

Diastolic blood pressure
≤ 54.5 mm Hg
55.0-59.5 mm Hg
60.0-65.0 mm Hg
≥ 65.5 mm Hg

23 (16.5%)
34 (24.5%)
40 (29%)
41 (30%)

39 (27%)
41 (29%)
39 (27%)
24 (17%)

0.027

Systolic blood pressure
≤ 99.5 mm Hg
100.0-106.0 mm Hg
106.5-114.0 mm Hg
≥ 114.5 mm Hg

20 (14.5%)
35 (25.5%)
32 (23%)
51 (37%)

34 (24%)
44 (31%)
36 (25%)
29 (20%)

0.013

Fasting glucose
≤ 4.6 mmol/l
4.7-4.9 mmol/l
5.0-5.1 mmol/l
≥ 5.2 mmol/l

22 (17%)
43 (33%)
25 (19%)
41 (31%)

39 (29.5%)
37 (28%)
26 (19.5%)
30 (23%)

0.075

Table 3. Visual-motor function in the IVF and control groups

IVF 
Mean (Sd)

control 
Mean (Sd)

adjusted 
differences*
(IVF-control) p

Beery
VMI
VP
MC

23.54 (±2.5)
24.15 (±2.1)
23.29 (±2.9)

23.36 (±2.7)
24.70 (±1.9)
23.92 (±2.6)

0.045
-0.707
-0.644

0.891
0.006
0.065

Pursuit

Accuracy
Dominant hand
Non-dominant hand
Overall

2.62 (±1.0)
4.01 (±1.8)
3.32 (±1.2)

2.60 (±0.6)
3.80 (±1.2)
3.20 (±0.8)

0.064
0.340
0.202

0.539
0.077
0.118

Stability
Dominant hand
Non-dominant hand
Overall

2.14 (±0.5)
3.65 (±3.0)
2.89 (±1.5)

2.20 (±0.7)
3.09 (±1.8)
2.64 (±1.0)

-0.021
0.549
0.266

0.795
0.079
0.110

Purdue Pegboard
Dominant hand
Non-dominant hand
Both hands
Assembly

13.93 (±2.2)
13.14 (±2.0)
 10.84 (±1.7)
31.44 (±7.2)

14.75 (±1.9)
13.19 (±1.9)
 10.97 (±1.7)
 32.13 (±6.9)

-0.773
-0.101
-0.065
-0.576

0.003
0.681
0.761
0.522

Tapping
Dominant 
Non-dominant 
Both alternating
Both synchronized

52.92 (±9.3)
45.71 (±8.1)
49.81 (±17.9)
30.26 (±27.7)

54.32 (±8.8)
47.44 (±8.1)
51.27 (±17.3)
31.36 (±24.9)

-2.365
-2.637
-1.016
-0.799

0.042
0.012
0.660
0.818

* with covariates parity, maternal education level, gestational age, and birth weight in the univariate linear 
model
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Discussion

This is the first study presenting data on important cognitive functions in adolescents 
born after IVF compared to spontaneously conceived controls born from subfertile 
parents, and relating these findings to cardiometabolic outcomes. 

In the present study, no differences in the cognitive functions information pro-
cessing and attention were found between the IVF and control groups. With regard 
to visual-motor function, adolescents conceived by IVF obtained lower scores both 
in tests measuring motor speed and in those measuring a combination of motor 
coordination and speed. However, these scores were still within the normal range for 
these tests. To investigate whether cognitive abilities were related to cardiometabolic 
outcomes, systolic and diastolic blood pressure and glucose levels were divided into 
quartiles and then related to information processing, attention and visual-motor out-
comes. No differences within and between the two groups were found.

Our study shows that, in contrast to children born small for gestational age or 
preterm, IVF children have no higher risk for specific cognitive deficits. This is in accor-
dance with the study of Levy-Shiff et al18, who reported that visual-motor coordina-
tion, visual memory, and language comprehension in 9-10-year-old IVF children were 
not different from those of naturally conceived children. The reassuring levels of cog-
nitive functioning found in our adolescents born after IVF is supported by a recent 
study on ICSI and IVF children aged 5-8 years.35 These authors found that singletons, 
either born at term or when corrected for birth weight and preterm birth, are neu-
rodevelopmentally not different from their naturally conceived peers. Sutcliffe and 
Ludwig36 stated in a recent review that a singleton child conceived after assisted 
reproduction, born at term with a birth weight within the normal range following 
a healthy pregnancy, is at no greater risk of neurodevelopmental difficulties than an 
equivalent child conceived naturally. 

Moreover, we found no relationship between the cardiometabolic outcomes and 
the investigated cognitive functions, suggesting that these functions are develop-
mentally not directly related to each other. This might indicate that these cognitive 
functions are not influenced by the early programming of metabolic systems. Brain 
function may develop independently from development of the metabolic systems 
and may not have its critical window at the same stage of pregnancy, which might 
explain why IVF conception has a negative influence on cardiometabolic function but 
not on cognitive ability. That children born small for gestational age due to malnutri-
tion in the last trimester of gestation develop subtle cognitive deficits might suggest 
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that the critical window for cognitive functions occurs later in pregnancy. In addition, 
when an individual IVF child has problems on the domain of cognitive development, 
this might be due to preterm delivery or being small for gestational age rather than 
to the IVF procedure itself.

Although our findings regarding cognitive functioning in this group of adoles-
cents are reassuring, some methodological aspects must be addressed. Our study 
population consisted of singleton pubertal IVF children conceived in our hospital. 
To include as many children as possible, we invited all children who had reached at 
least Tanner stage II of puberty, resulting in a group aged 9-18 years. This wide age 
range may be a limitation of our study design. By matching IVF and control children 
one-to-one for sex and age, we tried to compensate for this shortcoming. Within this 
study population, the response rate in the IVF group was fairly high at 69%. However, 
because the number of variables measured was large, the number of children in both 
groups (about 140 per group) may have been too small for the differences found to 
reach significance. 

The present study also had a number of non-participants. Families who refused to 
participate in the study received a questionnaire regarding growth, health, education 
level of the parents and child, and other child characteristics. As stated in our earlier 
reports9,22, the mothers of participating children more often had a higher education 
level than mothers of non-participating children (37% versus 24%; p<0.01); differences 
were similar for the IVF and control groups. Thus, overall, parents of non-participants 
appeared to have a lower education level than those of participants, and it is pos-
sible that non-participating children might also have a lower education level. Since 
children with lower education levels more often experience learning disabilities, the 
problems in cognitive abilities for our study groups might have been underestimated. 
However, differences in parental education level were similar in the IVF and control 
population, so that an increase in specific cognitive deficits is likely to be attributable 
to the education level rather than to the IVF conception itself. 

When assessing information processing, attention and visual-motor function, we 
measured only a selection of cognitive functions. Our choices were related to fetal 
programming and findings in children born preterm and/or small for gestational 
age and may have been too narrow. Other cognitive functions may be at risk in IVF 
children.   

On the basis of the findings of the present study, we conclude that cognitive abili-
ties, as measured by the tasks assessed, appear to develop normally in IVF children. 
However, before definite conclusions can be drawn, these results need to be repro-
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duced and extended to other cognitive domains in additional prospective follow-up 
studies. For such studies, we emphasize the importance of recruiting large groups 
and of including IVF children with a lower education level. 
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Abstract

Objective: To evaluate the psychosocial well-being of 9- to 18-year-old in vitro 
 fertilization (IVF) children. IVF alters fetal programming, with consequences for 
physical functioning. This also may apply to behavior. Behavior and socio-emo-
tional functioning of children born after IVF and spontaneously from parents with 
former fertility problems was studied, to control for parental factors and investi-
gate the role of IVF on the children’s functioning. 

Design: Child-Behavior-Checklist (CBCL) and Teacher-Report-Form (TRF) reports of 
139 IVF and 143 control children. 

Setting: VU University Medical Center, Amsterdam. 
Subjects: Children’s age ranged from 9-18 years; mean age 13.60 (±2.12) years in IVF 

and 13.51 (±2.11) years in controls.
Main outcome measures: Child’s behavior and socio-emotional functioning re port-

ed by parents (CBCL) and teachers (TRF). 
Results: CBCL and TRF mean scores were within the normal range. Scores of IVF par-

ents versus controls were lower on the Total Problems scale, Externalizing scale 
and syndrome scales Thought Problems, Attention Problems, Aggressive and 
Rule-Breaking Behavior. Less IVF children had scores in the borderline/clinical 
range on these scales. On the TRF a tendency was found for lower scores on the 
Externalizing scale in IVF children compared to controls. More IVF children scored 
in the borderline/clinical range on the syndrome scale Withdrawn/Depressed 
Behavior. 

Conclusions: Overall, behavior and socio-emotional functioning of 9- to 18-year-old 
IVF children is normal. The reduced behavior of externalizing nature reported by 
the parents,  and teacher ratings of more withdrawn/depressed behavior need 
further study.   
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Introduction

Since the introduction of in vitro fertilization (IVF) in 1978 the psychosocial 
 development of the children born from it has been explored. The stressful and inten-
sive treatment procedures and long time to pregnancy were suggested to influence 
the attitude and expectations of parents towards their child. The IVF child may be 
seen as precious and may be overprotected, or the parents may have high expecta-
tions of their much-desired child.1-5 This may negatively affect the parent-child rela-
tionship and, consequently, the child’s psychosocial development. In addition, the 
children themselves are conceived artificially. Oocyte retrieval may cause mechanical 
damage to the egg cells. Fertilization and the first cell division takes place outside the 
womb. Transferring the embryo back into the uterus may imply less optimal circum-
stances. It is now known that altered or suboptimal intrauterine circumstances can 
result in changes in organogenesis and programming of endocrine and metabolic 
processes, which persist throughout life and may be part of underlying mechanisms 
of the development of physical and mental diseases in adult life.6-13  

Studies investigating the psychosocial well-being of IVF children found some 
indications for more difficulties during the first year. This seems to be because of con-
cerns of IVF mothers about the well-being and adjustment of their children during 
the first year, rather than behavior problems in the children.14-18 After the first year and 
up to the age of about 8 years, no differences in behavior and socio-emotional func-
tioning were found for IVF children compared with naturally conceived children. IVF 
parents of children in this age group even reported greater satisfaction and higher 
emotional involvement and warmth towards their children than control parents.19-24 
Above the age of 8 years some contradictory findings were reported. Colpin and 
Soenen25, in general, found no differences between parent reports of the behavior 
of 8-9-year-old IVF children and naturally conceived children, but IVF children who 
were informed about their IVF conception showed more problem behavior than chil-
dren of IVF parents who had not yet disclosed this information. In teacher ratings of 
these 8-9-year-old children a tendency towards more problem behavior in IVF than in 
naturally conceived children was found, mainly in boys and children of older mothers. 
However, all scores were still within the normal range, and the study group consisted 
of only 27 children, of which 7 IVF parents had informed their children. In a study by 
Levy-Shiff et al26, 51 IVF children of 9 to 10 years old were rated lower by teachers in 
socio-emotional adjustment. The children themselves reported to be more  anxious, 
depressed and aggressive than naturally conceived peers. It is not clear whether 



78

CHAPTER 5 

scores were still within the normal range of the tests or not. In 11-12-year-old IVF chil-
dren Golombok et al27,28 did not find any differences in socio-emotional well-being as 
reported by parents, teachers, and the children themselves. In their study, children 
from assisted reproduction families (IVF and donor insemination) were less likely to 
engage in physical aggression towards peers than the naturally conceived children. 
In addition, a similar or even more positive parent-child relationship was observed in 
assisted reproduction families in comparison with naturally conceived and adoptive 
families. 

Because in most of the studies a control group of naturally conceived children 
was used and no corrections were made for the possible differences in parental atti-
tude and parent-child relationship because of the fertility problems in IVF families, it 
is difficult to draw solid conclusions on the role of the IVF conception as such on the 
child’s psychosocial functioning. It is important to investigate the role of IVF itself on 
the children’s functioning, because the artificial IVF conception appears to alter the 
fetal programming of endocrine and metabolic processes, with lasting consequences 
for later life, as has recently been put forward.29-31 Changes in endocrine and meta-
bolic processes lead to altered activity of the hypothalamic-pituitary-adrenal (HPA) 
axis. Because the HPA axis is involved in regulating stress and arousal, and stress and 
arousal play a key role in regulating emotion and behavior, IVF conception may not 
only influence physical but also behavioral functioning. 

So far, in the physical domain, disturbances in, for example, blood pressure and 
glucose levels become observable in adolescence or young adulthood.31-33 Apart 
from the study of Golombok et al27,28, no data are available on behavioral and emo-
tional functioning of older IVF children. We therefore investigated these domains in a 
group of pubertal children conceived by IVF. In this study, the IVF group is compared 
with children born spontaneously from parents with former fertility problems. This 
comparison group was chosen because the parents of these children are more com-
parable to parents of IVF adolescents with respect to fertility and the effort needed 
and duration to become pregnant, and are, therefore, assumed to have comparable 
attitudes towards their children. By using this comparison group we have aimed to 
control for the effect of parental factors, and were in a better position to evaluate the 
role of IVF itself. 
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Materials and methods

Sample
The data described in this article were derived from a large study performed between 
March 2004 and March 2006 on the growth, health, and psychological functioning of 
IVF children born between 1986 and 1995. A total of 354 families with a singleton child 
born from IVF conception in this period at the VU University Medical Center (VUmc) 
were invited by mail to participate in the overall study. The control group comprised 
children conceived spontaneously between 1986 and 1995 to couples who formerly 
visited the Department of Gynecology with (sub)fertility problems. Control children 
were matched one-to-one for sex and age (± 3 months) with the IVF children. Twelve 
IVF families were not reachable because they had moved or did not respond. Of the 
342 families who could be traced 96 parents and/or children themselves refused to 
participate, whereas 246 IVF children and their parents agreed to take part in the 
overall study (response rate of 69%). Of the initially invited cohort of 454 control fami-
lies, of which 31 were not reachable and 3 children were deceased, 233 control chil-
dren and their parents (response rate 51%) agreed to participate in the study. For 13 
of the IVF children no matched control child could be found. These 13 children were 
excluded from further analyses.

From the 233 IVF children and 233 control children of the total study group, all 
children reaching physical puberty stage II by Tanner34 were selected to undergo 
additional physical and psychological examination to evaluate functioning in adoles-
cence. The subpopulation meeting this criterion and undergoing the psychological 
examination consisted of 139 children conceived by IVF and 143 controls. 

Procedure
Most children and (one of) their parents visited the VUmc once for physical and psy-
chological examination. As part of the psychological evaluation, parents filled in a 
questionnaire concerning the child’s behavior and socio-emotional functioning. They 
were also requested to ask the teacher of their child to fill in a teacher form of the 
same questionnaire. The teachers returned the questionnaire by mail. They were not 
informed about the precise nature of the study, but were told that the child was par-
ticipating in a general study on growth and development in adolescence.  Scoring of 
the questionnaires was done by a trained child psychologist. The study was approved 
by the Medical Ethics Committee of the VUmc and the Central Committee of Human 
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Research (CCMO) in the Hague. Parents, and children of 12 years and older, signed 
informed consent forms.

Measures
Perinatal and demographic data from the participating children were collected 
within the overall study design and are used here as well. Because preterm birth or 
low birth weight of the child and education level of the parents are assumed to be 
related to behavior and socio-emotional functioning, information on these aspects 
was included. Education level of the parents was divided into low (elementary school 
or lower level of secondary school and vocational training), middle (medium and 
higher level of secondary school or medium level of vocational training), and high 
(university or higher level of vocational training). Furthermore, age of the parents and 
information on parity were inquired.

To evaluate the behavioral and socio-emotional functioning the Dutch language 
versions (translation by Verhulst and van der Ende) of the Child Behavior CheckList 
(CBCL) and Teacher Report Form (TRF) by Achenbach35 were used. The CBCL is a fre-
quently used questionnaire to be completed by parents of 6- to 18-year-old children, 
and contains 113 problem items covering behavioral, emotional and social problems 
that occurred during the past 6 months. The respondents are asked to rate each 
 problem item on a 3-point scale: 0=not true, 1=somewhat or sometimes true, and 
2=very or often true. The TRF is a comparable questionnaire containing 113 prob-
lem items to be completed by teachers and other school staff of 6-18-year-olds. Both 
the CBCL and TRF can be scored on the syndrome scales: Anxious/Depressed, With-
drawn/Depressed, Somatic Complaints, Social Problems, Thought Problems, Atten-
tion  Problems, Aggressive Behavior and Rule-Breaking Behavior. From the first three 
syndrome scales an Internalizing scale and from the last two syndrome scales an 
Externalizing scale can be derived. A Total Problems scale is derived by summing the 
individual item scores. 

Computer scoring of the questionnaires was done using the American norms, 
because Dutch norms for the newest versions were not yet available. In former ver-
sions no major differences emerged between Dutch and American norms, reflecting 
the cross-cultural generalizability of the questionnaires.36 Raw scores were converted 
to T scores, with higher T scores indicating more problem behavior. For the syndrome 
scales T scores up to 65 indicate the normal range. Scores between 65 and 69 reflect 
the borderline range (93rd to 97th percentile), indicating problems rated high enough 
to be of concern but not so clearly deviant. Scores above 69 reflect the clinical range 
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and indicate problems of clear deviance (above 97th percentile). For the Internalizing 
and Externalizing scale and the Total Problems scale T scores below 60 are in the nor-
mal range, T scores of 60 to 63 (84th to 90th percentile) are in the borderline range, and 
T scores above 63 (above 90th percentile) are in the clinical range. 

The CBCL and TRF scales have good reliability and validity35, and these favourable 
psychometric properties  were also confirmed for the former Dutch versions.37,38   

Statistical analyses
The Statistical Package for Social Science (SPSS) Windows version 12.0 was used for 
all analyses. Firstly, groups were compared on perinatal and demographic variables 
using independent samples t-tests and chi-square tests. Group comparisons on the 
CBCL’s and TRF’s syndrome scales, the Internalizing and Externalizing scale, and the 
Total Problems scale were conducted using multiple linear regression. Perinatal and 
demographic variables that significantly differed between the groups (p<0.05) were 
included in the model as covariates; in addition, it was judged whether they were 
moderator variables or not. Because of concerns about the normality of the data, 
for both the CBCL and TRF bootstrap values have been tested. No differences on the 
effects appeared, so that linear data are reported. Chi-square tests were used to com-
pare the percentages of children with behavior scores outside the normal range (e.g., 
in the borderline or clinical range). 

Results

Child characteristics, perinatal, and demographic variables
Characteristics of the 139 IVF and 143 control children who participated in this psy-
chological part of the study are summarized in Table 1. Mean age in the IVF group was 
13.60 (±2.12) years; the control group had a mean age of 13.51 (±2.11) years. Parental 
characteristics are also summarized in Table 1. Mothers’ age at birth did not differ sig-
nificantly between the groups. Gestational age, prematurity, and birth weight of the 
children, parity and mothers’ educational level were entered into further statistical 
analyses as covariates. None of the covariates was found to be a moderator variable.    
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Table 1. Child and parental characteristics of the IVF and control groups
IVF 
(n = 139)

control 
(n = 143) p

Child

Boys/girls (%) 67 (48%)/ 72 (52%) 68 (48%)/ 75 (52%) n.s.

Age at assessment (years)
Mean (SD)
Range

13.60 (±2.12)
9-18

13.51 (±2.11)
9-18

n.s.

Gestational age (weeks)
Mean (SD)
Range

38.92 (±2.55)
27-43

39.56 (±1.84)
33-43

0.016

Premature (%)a 19 (14%) 8 (6%) 0.036

Birth weight (grams)
Mean (SD)
Range

3225 (±654)
1030-5000

3418 (±487)
1910-4630

0.005

Low birth weight (%)b 16 (11.5%) 5 (3.5%) 0.019

Parents

Mothers’ age at birth (years)
Mean (SD)
Range

34.64 (±3.70)
24.83-42.15

34.28 (±4.25)
23.76-43.26

n.s.

Mothers’ age at assessment
Mean (SD)
Range

48.24 (±4.15)
36.44-57.91

47.79 (±4.26)
39.04-57.91

n.s.

Fathers’ age at assessment
Mean (SD)
Range

50.36 (±5.55)
36.25-68.96

50.31 (±5.29)
38.12-65.29

n.s.

Primiparae (%) 110 (79%) 72 (50%) <0.001

Maternal education level 
Low (%)
Middle (%)
High (%)

33 (24%)
68 (49%)
38 (27%)

26 (18%)
58 (41%)
59 (41%)

0.047

Parental highest education level 
Low (%)
Middle (%)
High (%)

12 (9%)
69 (50%)
57 (41%)

14 (10%)
54 (38%)
75 (52%)

n.s.

t-tests were used to compare group means on continuous variables, chi-square tests were carried out to 
compare group proportions for categorical variables 
n.s. = not significant
a Premature = born < 37 weeks of gestation
b Low birth weight = birth weight < 2500 grams

Children’s behavior and socio-emotional functioning as reported by the 
 parents (CBCL) and teachers (TRF)
Table 2 shows the mean problem scores for the IVF and control group on the CBCL 
syndrome scales, Internalizing and Externalizing scale, and Total Problems scale. Nine 
IVF parents and one control parent wanted to fill in the questionnaire at home but did 
not return it, leaving 130 parent questionnaires in the IVF group and 142 in the control 
group available for analyses. 
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All mean values for the different CBCL scales were within the normal range. IVF 
parents rated their children to have significantly lower scores on the Total Problems 
scale (F(1,265)= 3.94, p=0.048), the Externalizing scale (F(1,265)= 5.32, p=0.022), and 
on the syndrome scales Thought Problems (F(1,265)= 7.34, p=0.007), Attention Prob-
lems (F(1,265)= 4.70, p=0.031), and Aggressive Behavior (F(1,265)= 8.06, p=0.005). 
There was a trend toward a significant difference on the syndrome scale Rule-Break-
ing Behavior (F(1,265)= 3.29, p=0.071). This outcome did not change when the scores 
of boys and girls were analysed separately. 

Table 2. CBCL mean problem scores for the IVF and control groups
IVF 
(n = 130)
Mean (Sd)

control 
(n = 142)
Mean (Sd)

adjusted 
differences*
(IVF-control) p

Total Problems 48.92 (±9.36) 50.09 (±10.33) -2.464 0.048

Internalizing 51.55 (±9.99) 51.77 (±10.00) -1.209 0.346

Externalizing 46.92 (±8.77) 48.52 (±9.95) -2.765 0.022

Anxious/Depressed 53.88 (±6.19) 54.30 (±6.52) -0.812 0.326

Withdrawn/Depressed 55.85 (±6.59) 55.28 (±6.39) 0.017 0.984

Somatic Complaints 55.65 (±6.05) 56.42 (±6.70) -1.303 0.114

Social Problems 54.58 (±6.15) 54.41 (±6.88) -0.721 0.389 

Thought Problems 54.39 (±5.73) 55.56 (±6.80) -2.163 0.007

Attention Problems 54.07 (±4.60) 55.21 (±6.38) -1.560 0.031

Aggressive Behavior 52.40 (±4.27) 53.70 (±5.44) -1.786 0.005

Rule-Breaking Behavior 52.72 (±4.50) 53.51 (±5.10) -1.132 0.071

* with covariates parity, maternal education level, gestational age, and birth weight in the multiple linear 
model

Table 3 shows the mean problem scores on the TRF. In about half of the children 
a questionnaire was available from the teacher. Reasons for missing a teacher form 
were: no permission from the parents or child, no well-informed person available 
to fill in the questionnaire (mostly on secondary school), or no response from the 
teacher. There were no significant differences in the percentages for which a TRF was 
available between IVF and control children (IVF: 54% and controls: 57%, χ2(1, N=282)= 
0.33, p=0.567) or boys and girls (55.0% in boys and 56.5% in girls, χ2(1, N=282)= 0.08, 
p=0.781). Children for whom a questionnaire was filled in by the teacher were signifi-
cantly younger (13.09 (±2.00) years versus 14.14 (±2.11) years (t(280)= -4.31, p<0.001). 
However, when comparing CBCL results of children with and without a teacher report 
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available, scores on the syndrome scales, Internalizing and Externalizing scale, and 
Total Problems scale were not significantly different. This suggests that the TRF scores 
are representative for our whole sample.     

Comparing the IVF and control group on the TRF scales, no significant differences 
were found between the groups. On the Externalizing scale a trend towards a signifi-
cantly lower score in IVF children was observed (F(1, 150)= 3.53, p=0.062). In addition, 
on the TRF no differences appeared for boys and girls separately.

CBCL and TRF scores in the borderline and clinical range
Table 4 shows the percentages of children from the IVF and control group having 
CBCL and TRF scores outside the normal range (e.g., in the borderline or clinical 
range), indicating problem behavior of (clinical) concern. 

Percentages of CBCL-scores in the borderline or clinical range of IVF children and 
controls were not statistically different. There were just trends towards less IVF than 
control children having scores in the borderline or clinical range on the Externalizing 
scale (χ2(1, N=272)=3.52, p=0.061), and on the syndrome scale Attention Problems 
(χ2(1, N=272)=3.30, p=0.069). In comparison with the questionnaire norms for the 
Externalizing scale and the syndrome scale Attention Problems, IVF adolescents less 
often had scores in the borderline or clinical range (16% and 6.9%, respectively, on the 

Table 3. TRF mean problem scores for the IVF and control groups
IVF
(n = 75) 
Mean (Sd)

control 
(n = 82)
Mean (Sd)

adjusted 
differences*
(IVF-control) p

Total Problems 49.89 (±8.81) 50.77 (±7.94) -1.859 0.206

Internalizing 52.41 (±10.16) 50.59 (±9.06) 0.892 0.602

Externalizing 48.87 (±8.44) 50.87 (±7.51) -2.626 0.062

Anxious/Depressed 54.72 (±5.88) 54.04 (±5.39) 0.384 0.701

Withdrawn/Depressed 56.31 (±6.89) 54.51 (±4.99) 1.262 0.235

Somatic Complaints 53.21 (±7.07) 52.57 (±4.83) 0.747 0.487

Social Problems 54.64 (±5.85) 54.29 (±6.32) -0.486 0.652

Thought Problems 51.64 (±3.79) 52.37 (±4.47) -0.895 0.228

Attention Problems 52.40 (±3.91) 53.44 (±4.23) -1.102 0.118

Aggressive Behavior 53.45 (±5.62)  53.67 (±4.73) -0.792 0.379

Rule-Breaking Behavior 52.73 (±5.17) 53.43 (±4.96) -0.977 0.275

* with covariates parity, maternal education level, gestational age, and birth weight in the multiple 
linear model
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Externalizing scale, and 7% versus 3.1% on the syndrome scale Attention Problems; 
see Table 4). In addition, when compared to the expected questionnaire proportion 
of 7%, less children born after IVF showed problem behavior of (clinical) concern on 
the syndrome scales Aggressive Behavior and Rule-Breaking Behavior.

On the TRF there were also no significant differences between the proportion IVF 
and control children with scores in the borderline or clinical range. There only was a 
trend towards more IVF than control children having scores in the borderline or clini-
cal range on the syndrome scale Withdrawn/Depressed behavior (χ2(1, N=272)=3.29, 
p=0.070); more IVF children had scores outside the normal range on the syndrome 
scale Withdrawn/Depressed behavior (14.7%) compared to the questionnaire norm 
(e.g., 7%).

On both questionnaires, hardly any differences in percentages or changes in 
p values appeared when children with a gestational age <37 weeks and/or birth 
weights <2500 grams were excluded. Still, a significant difference was found on the 
CBCL’s Externalizing scale, with IVF children having less externalizing problem behav-
ior (χ2(1,238)=3.06, p=0.080). On the TRF, a trend remained towards more IVF than 
control children having scores in the borderline or clinical range on the syndrome 
scale Withdrawn/Depressed behavior (χ2(1, N=138)=3.16, p=0.075; results not shown 
in table).

Table 4. Percentages of adolescents in the IVF and control group scoring in the border-
line or clinical range on the CBCL and TRF 

                         cBcl                          trF

IVF 
(n = 130)

control 
(n=142) p

IVF 
(n=75)

control 
(n=82) p  

Total Problems 11.5% 18.3%        0.165 16.0% 11.0%     0.491

Internalizing 20.8% 21.8%        0.948 24.0%        18.3% 0.496

Externalizing 6.9% 14.8%        0.061 14.7% 12.2% 0.826

Anxious/Depressed 9.2% 15.5%       0.169       8.0%   6.1% 0.878

Withdrawn/Depressed 10.0% 9.2%        0.976        14.7% 4.9% 0.070

Somatic Complaints 12.3% 15.5%        0.561        12.0% 4.9% 0.184

Social Problems 10.0% 7.7%        0.660        8.0% 8.5% 1.000

Thought Problems 8.5% 14.8%        0.153      0.0% 2.4% 0.516

Attention Problems 3.1% 9.2%        0.069        1.3% 2.4% 1.000

Aggressive Behavior 3.8% 6.3%        0.513        5.3% 2.4% 0.597

Rule-Breaking Behavior 1.5% 3.5%        0.517        5.3%   3.7% 0.904
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Discussion 

This article describes the behavior and socio-emotional functioning of pubertal chil-
dren born after IVF. Until now, very few studies have presented such data in this age 
group and no studies have used a comparison group of children born after sponta-
neous conception in parents with former fertility problems to control for parental 
factors. 

On the questionnaires, all mean scores of both the IVF and control children were 
found to be in the normal range, which means an overall favourable behavioral and 
emotional functioning in both groups. 

Parents of IVF adolescents reported their children to show less problem  behavior 
than parents of control children. Mainly less externalizing (aggressive and rule-break-
ing) behavior and attention and thought problems were reported. Although on the 
teacher reports no significant differences were found between IVF and control chil-
dren, there was a tendency for less externalizing problem behavior in IVF children as 
well. Remarkably, teachers in addition reported an increased proportion of IVF chil-
dren with withdrawn/depressed behavior of (clinical) concern. 

Our findings of the absence of behavior and emotional problems in pubertal IVF 
children are reassuring and in line with a large study on 11-12-year-old IVF children.28 
In this study, the socio-emotional development of children in IVF or donor insemi-
nation families was compared with naturally and adoptive families from Italy, Spain, 
the Netherlands and the UK. The children’s behavior and socio-emotional function-
ing did not differ from that of naturally conceived children.28 Mothers and teachers 
in this study reported the assisted reproduction children to be less likely to engage 
in physical aggression, which is corresponding with the less externalizing problem 
behavior found in our IVF group. In addition, in the study by Colpin and Soenen25 in 
8-9-year-old IVF and naturally conceived children mean values on the CBCL and TRF 
were in the normal range, and (although not significantly different) on reports by the 
 mothers the scores on externalizing behavior were lower for IVF than for control chil-
dren. However, in a study by Levy-Shiff et al26 in 9-10-year-old children more aggres-
sion, and also rather more depression and anxiety compared with naturally conceived 
children was reported by IVF children themselves. This finding, in relation to data 
from parents, could point to a minimization of problems by IVF parents. Golombok 
et al28 found IVF and donor insemination parents to show less criticism towards their 
children than parents of naturally conceived children. These parents may tend to 
 present their child in a more favourable light, and thus report less problem behavior 
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in their children. Knoester et al39 explored why IVF children were reported to show 
less (externalizing) problem behavior than naturally conceived and ICSI children. 
They hypothesized that because most CBCL forms were completed by the mother, 
and in IVF the mothers often have been subfertile, they will judge their child more 
positive compared with naturally conceived and ICSI mothers, who did not have fer-
tility problems themselves. Also in our study mothers mostly did complete the CBCL 
questionnaire, and this phenomenon may have contributed to the less externalizing 
problem behavior reported in IVF compared with control children on the CBCL, and 
explain differences between CBCL and TRF outcomes we found.   

However, a trend toward less externalising problems in IVF children was found in 
the teacher reports as well. An important aim of our study was to evaluate the effect 
of the IVF by excluding parental bias as much as possible. Because parents who had 
had difficulties to become pregnant were found to express more warmth towards 
and higher emotional involvement with their child than parents from the normal 
population with a naturally conceived child22,28, and because in our study parents of 
both the IVF and the control group had fertilization difficulties, we assumed they were 
comparable with regard to the attitude towards their child. Our findings are therefore 
more likely to be attributed to IVF than to differences in parental attitudes. The overall 
data do not support the hypotheses of a relation between IVF, fetal programming 
and behavioural consequences; pubertal IVF children show normal behavior and 
socio-emotional functioning. However, the findings of less externalizing problem 
behavior as reported by the parents but also slightly by the teachers, and the ten-
dency of an increased proportion of IVF children with withdrawn/depressed behavior 
reported by the teachers are notable and need further exploration. At this stage we 
can only speculate about possible changes in neurobiological mechanisms, result-
ing in HPA axis alterations because of IVF, underlying these findings. More external-
izing  behavior and lower levels of fear have been found to have an association with 
lower HPA axis activity.40-42 Higher HPA axis activity, on the contrary, is associated with 
 behavioral inhibition and more internalizing behaviors such as anxiety and depres-
sion.42 For example, in young adults born with very low birth weight it was found that 
an increase in behavioral inhibition corresponded to increased anxiety and depres-
sion, as well as decreased antisocial behavior and impulsivity.43 Our findings might 
point to some increased HPA axis activity in children born after IVF. Therefore replica-
tion of this study is important and interpretation of our data  highly speculative. 

In this study the parents’ and teachers’ perspectives were taken into account. To 
eliminate bias of a more positive judgement by IVF mothers, both parents should 
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report separately about their children. Furthermore, it would be worthwhile to 
include the perspective of the children in future research. For parents as well for 
teachers, it is more difficult to observe the adolescent’s internalizing than external-
izing behaviors. With our finding in mind of an increased proportion of IVF children 
with withdrawn/depressed behavior as reported by the teachers, and the findings of 
Levy-Shiff et al26 in which 9-10-year-old children themselves reported more anxiety 
and depression, it would be interesting to see whether these results will be repro-
duced in child report studies. Such studies will give us more insight as to whether the 
less externalizing behavior problems and tendency towards an increased proportion 
of IVF children with withdrawn/depressed behavior were related to a reporter bias or 
might be attributed to the IVF conception after all. However, most importantly, such 
research will show whether the children themselves confirm the favourable outcome 
as reported by their parents and teachers.    
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Abstract

Objective: To evaluate the self-reported psychosocial well-being of 11- to 18-year-

old in vitro fertilization (IVF) adolescents and examine the role of IVF conception 

on behavior. 

Design: Youth Self Report (YSR) of 86 IVF and 97 control adolescents.

Setting: VU University Medical Center, Amsterdam

Subjects: Children’s age ranged from 11-18 years; mean age 15.71 (±2.06) years in IVF 

and 15.07 (±2.11) years in controls.

Main outcome measures: Behavior and socio-emotional functioning reported by 

the children themselves. 

Results: YSR scores were all within the normal range. No significant differences were 

found between the IVF and control group on the different scales.

Conclusions: Behavior and socio-emotional functioning as reported by 11- to 18-year-

old IVF adolescents was found to be normal. Previously found reduced behavior 

of externalising nature and more withdrawn/depressed behavior reported by 

parents and teachers could not be reproduced in this study. Therefore it was con-

cluded that there is no evidence of an influence of IVF conception on behavior in 

adolescence. 
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Introduction

Since the introduction of in vitro fertilization (IVF) in 1978, large numbers of children 
born from this technique have now reached adolescence and young adulthood. 
Whereas younger children’s psychosocial well-being and parent-child relationship 
in IVF families have been studied fairly extensively by now, data concerning adoles-
cence are still scarce. 

Up to the age of about 8 years no increased risk of behavioral and socio-emo-
tional problems was reported for IVF children compared with naturally conceived 
children, and IVF mothers were found to be emotionally more involved and express 
greater warmth towards their children.1-6 However, studies in prepubertal children 
showed some contradictory findings, with some IVF children showing more  problem 
 behavior than naturally conceived peers.7,8 Although in these studies all problem 
behavior scores were still within the normal range, and the study groups consisted of 
relatively small numbers of children, it is important to see how psychosocial function-
ing evolves in pubertal years. 

When evaluating the studies performed in adolescence so far, Golombok et al9,10 
did not find any differences in the socio-emotional well-being of 11-12-year-old IVF 
children as reported by parents, teachers and the children themselves, except that 
children from assisted reproduction families (IVF and donor insemination) were less 
likely to engage in physical aggression towards peers than naturally conceived chil-
dren. In families with children born from assisted reproduction a similar or even more 
positive parent-child relationship was observed compared to families with naturally 
conceived children or adoptive families. In a recent study on parenting and psycho-
social adjustment of 15- and 16-year-old IVF adolescents, no differences were found 
in parenting style, parenting stress or in self- and parent-reported behavior problems 
between adolescents conceived by IVF and those conceived naturally.11 In a study on 
parent-child relationships close to the adolescent’s 18th birthday, Owen and Golom-
bok12 found a higher level of mother-adolescent warmth in IVF (and donor insemina-
tion) families. 

The above mentioned studies in adolescence were performed from the perspec-
tive of the particular character of parenthood after IVF conception and the effect on 
parent-child relationship and children’s subsequent social and emotional develop-
ment. In this perspective the stressful and intensive treatment procedures and long 
time to pregnancy were suggested to influence the attitude and expectations of 
parents towards their child. This may affect the parent-child relationship and, conse-



96

CHAPTER 6 

quently, the child’s psychosocial development.13-17 Because in most studies a control 
group of naturally conceived children was used but no corrections were made for 
the possible differences in parental attitude and parent-child relationship due to the 
fertility problems in IVF families, it is difficult to draw conclusions on the role of the 
IVF conception as such on the child’s psychosocial functioning. 

Examining the role of IVF conception itself on the child’s functioning is important 
because the children are conceived artificially. Oocyte retrieval may cause mechani-
cal damage to the oocytes. Fertilization and the first cell division take place outside 
the womb in the IVF labatory, and transferring the embryo back into the uterus may 
imply less optimal circumstances. It is now known that altered or suboptimal intra-
uterine circumstances can result in changes in organogenesis and programming of 
endocrine and metabolic processes, which persist throughout life and may be part of 
underlying mechanisms of the development of physical and mental diseases in adult 
life.18-25 Regarding physical functioning, we recently reported signs of increased blood 
pressure, a higher fasting glucose level, and more body fat in 8-18-year-old IVF chil-
dren compared with spontaneously conceived children.26,27 This suggests an altered 
programming of endocrine and metabolic processes due to IVF conception. Since 
changes in endocrine and metabolic processes lead to altered activity of the hypo-
thalamic-pituitary-adrenal (HPA) axis, the HPA axis is involved in regulating stress and 
arousal and stress and arousal play a key role in regulating emotion and behavior, IVF 
conception may not only influence physical but also behavioral functioning. 

In a previous study we investigated parent- and teacher-reported behavior and 
socio-emotional functioning in a group of pubertal children (9-18 year old) conceived 
by IVF.28 IVF children were compared with children conceived naturally from parents 
with a history of subfertility. Parents of these children were comparable to parents of 
IVF adolescents with respect to fertility and time and effort needed to become preg-
nant, and were therefore assumed to have comparable attitudes towards their chil-
dren. By using this comparison group we aimed to control for the effect of  parenting 
factors. We found that parents and teachers reported the behavior and socio-
 emotional functioning of the IVF children to be in the normal range. However, sig-
nificantly less problem behavior was reported by parents of IVF adolescents than by 
parents of controls; mainly less externalizing (aggressive and rule-breaking) behavior 
and attention and thought problems were found. On the teacher reports there was a 
tendency for less externalizing problem behavior in IVF children as well. In addition, 
teachers reported an increased proportion of IVF children with withdrawn/depressed 
behavior of (clinical) concern.28 Because higher HPA axis activity seems to be associ-
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ated with behavioral inhibition and more internalizing behaviors such as anxiety and 
depression29, it was speculated that these findings could be explained by changes 
in HPA axis activity due to fetal programming of metabolic and endocrine systems. 
In young adults born with very low birth weight it was found that an increase in 
behavioral inhibition corresponded with increased anxiety and depression, as well 
as decreased antisocial behavior and impulsivity.30 However, parental bias could not 
be completely excluded, because parental factors appear to be strong in IVF families: 
Knoester et al31 observed IVF mothers to judge their child more positively because 
of the encountered subfertility problems compared to naturally conceived and ICSI 
mothers, who did not have fertility problems themselves. Since the majority of parent 
reports (also in our study) were done by the mother, this phenomenon may have con-
tributed to the less externalising problem behavior found in IVF compared to control 
children.

To see whether our findings of decreased externalising behavior and an increased 
proportion of withdrawn/depressed behavior could be reproduced when this pos-
sible parental bias has been excluded, we now studied behavior and socio-emotional 
functioning in adolescence from the perspective of the IVF children themselves. The 
same unique control group of children born spontaneously from parents with a his-
tory of subfertility was used as well. 

Materials and methods

Sample and procedure
The data described in this paper are supplementary to a large study performed 
between 2004 and 2006 on the growth, health and psychological functioning of 8- to 
18-year-old IVF children. Figure 1 in the Appendix gives an overview of the inclusion 
process and the study population of the initial study (see also Ceelen et al26,27 for more 
details on the study population and procedure). 

In the initial study a total of 354 families with a singleton child born following 
IVF conception between 1986 and 1995 at the VU University Medical Center (VUmc) 
were invited by mail to participate. Twins, multiples and children born from other 
reproductive techniques (such as ICSI) were excluded. As a control group 454 chil-
dren spontaneously born between 1986 and 1995 to couples who formerly visited 
the Department of Gynaecology with fertility problems were invited to participate. 
Control children were matched one-to-one for sex and age (±3 months) with the IVF 
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children. A total of 69% of the approached IVF children and 51% of the approached 
controls agreed to participate, resulting in 233 matched pairs. From the 233 IVF chil-
dren and 233 control children of the total study group, all children reaching physical 
puberty stage 2 by Tanner32 were selected to undergo additional physical and psy-
chological examination to evaluate functioning in adolescence. The subpopulation 
meeting this criterion consisted of 139 children conceived by IVF and 143 controls.28 In 
this initial study parents and teachers of these children completed the Child Behavior 
CheckList (CBCL) and Teacher Report Form (TRF).28 

In January 2007 11- to 18-year-old IVF and control adolescents who participated in 
the initial study were sent a letter and the youth Self Report questionnaire to evaluate 
self-reported behavior and socio-emotional problems. Adolescents were asked to fill 
in the self-report questionnaire at home and return it to the VUmc in the enclosed 
envelope. Because the questionnaire used has been developed for children between 
11 and 18 years, only the adolescents with a current age in this age range were noti-
fied. From the original study group of 139 IVF and 143 control adolescents, 129 ado-
lescents from the IVF group and 139 adolescents from the control group were eligible 
for participation; a total of 10 adolescents in the IVF group in the mean time were 
above the age of 18 years and so were 3 adolescents in the control group. One child 
in the control group did not reach the age of 11 years yet, so that he was excluded 
from participation as well.   

This supplement to the initial study was approved by the Central Committee of 
Human Research (CCMO) in the Hague. Scoring of the questionnaires was done by a 
trained child psychologist.

Measures
Perinatal and demographic data from the participating adolescents were collected 
within the overall study design and are used here as well. Because preterm birth 
or low birth weight of the child and its parent’s education level are assumed to be 
related to behavior and socio-emotional functioning, information on these aspects 
was included. Education level of the parents was divided into low (elementary school 
or lower level of secondary school and vocational training), middle (medium and 
higher level of secondary school or medium level of vocational training), and high 
(university or higher level of vocational training). Furthermore, age of the parents and 
information on parity were taken into account. 

To assess the adolescents’ view of their behavior and socio-emotional function-
ing the Dutch version of the youth Self Report (ySR) by Achenbach was used.33 This 
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questionnaire has to be completed by the 11-18-year-old child itself and contains 112 
problem items covering behavioral, emotional and social problems that occurred 
 during the past 6 months. The respondents are asked to rate the occurrence of prob-
lems on a 3-point scale: 0=not true, 1=somewhat or sometimes true and 2=very or 
often true. The ySR can be scored on the syndrome scales: Anxious/Depressed, With-
drawn/Depressed, Somatic Complaints, Social Problems, Thought Problems, Atten-
tion  Problems, Aggressive Behavior and Rule-Breaking Behavior. From the first three 
syndrome scales an Internalizing scale and from the last two syndrome scales an 
Externalizing scale can be derived. A Total Problems scale is derived by summing the 
individual item scores.  

Computer scoring of the questionnaires was done using the American norms, 
because Dutch norms for the newest version were not yet available. In former ver-
sions no major differences emerged between Dutch and American norms, reflecting 
the cross-cultural generalizability of the questionnaires.34

Raw scores were converted to T scores with higher T scores indicating more prob-
lem behavior. For the syndrome scales T scores up to 65 indicate the normal range. 
Scores between 65 and 69 reflect the borderline range (93rd to 97th percentile), indicat-
ing problems rated high enough to be of concern but not so clearly deviant. Scores 
above 69 reflect the clinical range and indicate problems of clear deviance (above 97th 
percentile). For the Internalizing and Externalizing scale and the Total Problems scale 
T scores below 60 are in the normal range, T scores of 60 to 63 (84th to 90th percentile) 
are in the borderline range and T scores above 63 (above 90th percentile) are in the 
clinical range. 

The ySR has good reliability and validity33 and those were also confirmed for the 
former Dutch versions.35   

Statistical analyses
The Statistical Package for Social Science (SPSS) Windows version 12.0 was used for 
all analyses. Firstly, the IVF and control group were compared on perinatal and demo-
graphic variables using independent sample t-tests and chi-square tests. Group com-
parisons on the eight syndrome scales, the Internalizing and Externalizing scale and 
the Total Problem scale were conducted using multiple linear regression. Perinatal 
and demographic variables that significantly differed between the IVF and control 
group (p<0.05) were included in the final model as covariates. Chi-square tests were 
used to compare the percentages of children with behavior scores outside the nor-
mal range (e.g. in the borderline and clinical range). 
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Results

Child characteristics, perinatal and demographic variables
In total, 86 of 129 questionnaires were returned by the IVF adolescents (67%) and 97 
of 139 by the controls (70%; difference in response rate not significant). Characteris-
tics of the children from whom a questionnaire was received, and their parents, are 
summarized in table 1. Mean age in the IVF group was 15.7 (±2.1) years, children in 
the control group had a mean age of 15.1 (±2.1) years; this was significantly different 

Table 1. Child and parental characteristics of the IVF and control groups
IVF 
(n = 86)

control 
(n = 97) p

Child

Boys/girls (%) 37 (43%)/49 (57%) 43 (44%)/54 (56%) 0.977

Age at assessment (years)
Mean (SD)
Range

15.71 (±2.06)
11-18

15.07 (±2.11)
11-18

0.038

Gestational age (weeks)
Mean (SD)
Range

38.94 (±2.38)
27-42

39.66 (±1.75)
33-43

0.022

Premature (%)a 11 (13%) 5 (5%) 0.118

Birth weight (grams)
Mean (SD)
Range

3294.0 (±605.05)
1260-5000

3406.3 (±463.19)
2230-4600

0.158

Low birth weight (%)b 6 (7%) 3 (3%) 0.384

Parents

Mothers’ age at delivery (years)
Mean (SD)
Range

34.94 (±3.51)
26.15-42.15

34.54 (±4.30)
24.35-43.26

0.493

Primipara (%) 72 (84%) 51 (53%) <0.001

Maternal education level 
Low (%)
Middle (%)
High (%)

20 (23%)
42 (49%)
24 (28%)

16 (17%)
38 (39%)
43 (44%)

0.068

Paternal education level
Low (%)
Middle (%)
High (%)

21 (24%)
41 (48%)
24 (28%)

15 (16%)
41 (42%)
41 (42%)

0.091

Parental highest education level 
Low (%)
Middle (%)
High (%)

7 (8%)
45 (52%)
34 (40%)

10 (10%)
33 (34%)
54 (56%)

0.043

t-tests to compare group means on continuous variables and chi-square tests to compare group propor-
tions for categorical variables 
a  Premature = born < 37 weeks of gestation; 
b Low birth weight = birth weight < 2500 grams
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(t (181)= 2.09, p=0.038). Duration of gestation was significantly shorter in the IVF than 
in the control group (38.94 (±2.38) versus 39.66 (±1.75) weeks; t (181)= -2.32, p=0.022). 
Mother’s age at delivery did not differ significantly between the groups. In the IVF 
group, mothers were significantly more often primiparae than mothers in the control 
group (84% in the IVF versus 53% in the control group, χ2(1,N=183)=18.68, p<0.001). 
Mothers, and to a lesser extent fathers of IVF adolescents more often had low or 
 middle, and less often had a high educational level than parents of adolescents from 
the control group. Parental highest education level differed significantly between the 
groups (χ2(2,N=183)=6.28, p=0.043). 

The variables on which the groups differed (age of the child at assessment, ges-
tational age, parity and parental highest educational level), were entered into the 
further statistical analyses as covariates. 

YSR mean problem scores
Table 2 shows the mean problem scores for the IVF and control group on the ySR syn-
drome scales, Internalizing and Externalizing scale and Total Problem scale. All mean 
values for the different ySR scales were within the normal range, and no significant 
differences between the groups were observed.

Table 2. YSR mean problem scores for the IVF and control groups
IVF 
(n = 86)
Mean (SD)

Control 
(n = 97)
Mean (SD)

adjusted 
differences*
(IVF-control) p

Total problems 48.33 (±8.55) 48.41 (±9.53) -1.012 0.485

Internalizing 48.47 (±9.78) 47.73 (±9.69) -0.535 0.731

Externalizing 48.80 (±8.14) 48.62 (±9.53)  -0.142 0.921

Anxious/Depressed 53.33 (±5.45) 53.11 (±5.10) -0.648 0.440

Withdrawn/Depressed 54.40 (±7.08) 53.61 (±4.49) -0.178 0.848

Somatic Complaints 53.49 (±4.86) 53.56 (±4.38)  0.057 0.940

Social Problems 53.53 (±5.12) 54.08 (±5.84) -0.939 0.293

Thought Problems 53.50 (±4.96) 53.42 (±4.62) -0.278 0.720

Attention Problems 53.78 (±5.00) 54.78 (±6.69) -0.870 0.363

Aggressive Behavior 52.36 (±4.07) 52.66 (±4.86) -0.473 0.521

Rule-Breaking Behavior 54.20 (±4.74) 54.24 (±5.42)  0.075 0.928

* with covariates age of the child at assessment, gestational age, parity, and parental highest education 
level in the multiple linear model 
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Table 3. Percentages of adolescents in the IVF and control groups scoring in the border-
line or clinical range on the YSR 

IVF 
(n = 86)

control 
(n=97) p

Total problems 10.5% 17.5%        0.249

Internalizing 14.0% 13.4%        1.000

Externalizing 10.5% 10.3%        1.000

Anxious/Depressed 7.0% 6.2%       1.000       

Withdrawn/Depressed 7.0% 3.1%        0.384        

Somatic Complaints 5.8% 3.1%        0.592       

Social Problems 5.8% 8.2%        0.725        

Thought Problems 5.8% 3.1%        0.592      

Attention Problems 5.8% 7.2%        0.934       

Aggressive Behavior 3.5% 4.1%        1.000        

Rule-Breaking Behavior 2.3% 6.2%        0.362        

YSR scores in the borderline and clinical range
Table 3 shows the percentages of adolescents from the IVF and control group  having 
ySR scores in the borderline or clinical range, indicating problem behavior of real con-
cern. Although IVF adolescents had more often scores outside the normal range on 
the syndrome scale Withdrawn/Depressed behavior compared to controls, and less 
often had scores outside the normal range on the Total Problem scale and the syn-
drome scale Rule-Breaking behavior, differences between the groups were not sig-
nificant. IVF adolescent’s scores did neither exceed the questionnaire norms of 16% 
for the Externalizing, Internalizing and Total Problem scales nor the questionnaire 
norm of 7% for the eight syndrome scales. Percentages for control adolescents were 
slightly higher than the questionnaire norm on the Total Problem scale and on Social 
and Attention problems.

Discussion

This paper examines the influence of IVF conception on behavior and socio-emotional 
functioning in adolescence. This is the first study excluding parental factors by using 
a comparison group of children born after spontaneous conception in parents with 
a history of subfertility, and evaluating behavior and socio-emotional functioning 
from the children’s own perspective. This is important because the other few stud-
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ies evaluating IVF children in adolescence focused mainly on the relation between 
 parenting, parent-child relationship and the subsequent functioning of the child9-12, 
or were performed from the perspective of the parents and teachers.28     

IVF adolescents themselves reported no differences in behavior or socio-emo-
tional functioning compared with adolescents conceived naturally. Mean scores on 
the ySR’s Total Problem scale, Internalizing and Externalizing scales or syndrome 
scales were all in the normal range. In addition, no significant differences between 
the IVF and control groups were found in the proportions of adolescents having 
scores outside the normal range. 

So overall, 11- to 18-year-old adolescents conceived by IVF did not experience 
abnormalities or differences with respect to their behavior and socio-emotional func-
tioning compared with naturally conceived controls. The decreased externalising 
behavior and increased proportion of withdrawn/depressed behavior found in our 
former study28 were not demonstrated again. These behavioral alterations, hypoth-
esized as a result of higher HPA axis activity due to IVF conception, could not be 
affirmed. 

In studies regarding the agreement between parent-, teacher-, and self-reports 
on the CBCL, TRF, and ySR, it has been found that adolescents report higher levels of 
problems than parents and teachers for all types of behavior.36-40 It was concluded that 
adolescents are indispensable informants about their behavior problems, because 
many of the problems they experience remain unnoticed by their parents.37 Because 
of this knowledge and the fact that in our present study no increased problem behav-
ior was reported by IVF adolescents themselves, our hypothesis that the IVF concep-
tion affects behavior and socio-emotional functioning seems unlikely. 

Eventually, it seems that IVF mothers are inclined to judge the behavior and 
socio-emotional functioning of their children more positively. Therefore they might 
have reported less problem behavior in their IVF children compared with mothers of 
control children.28 This is in line with findings of some other studies in adolescence. 
In the study by Golombok et al10 in 11- to 12-year-old children, more positive parent-
child relationships were reported in assisted reproduction families (IVF and donor 
insemination). While there were no differences between the groups on psycho logical 
adjustment, IVF children were reported to be less likely to engage in physical aggres-
sion towards peers. In addition, when the same children were close to their 18th 
birthday, a significantly higher level of mother-adolescent warmth was found in the 
assisted reproduction families and IVF mothers showed significantly greater disciplin-
ary indulgence. No differences were identified between fathers.12 



104

CHAPTER 6 

However, in our former study28, teacher ratings also showed a trend toward some 
differences in behavior between IVF and control adolescents, and in teacher ratings in 
the study by Colpin and Soenen7 in 8- to 9-year-old IVF children a tendency towards 
more problem behavior in IVF than in naturally conceived children was found as well. 
It is difficult to explain these findings. However, only about 60% of the teachers com-
pared to parents in both studies completed a questionnaire, and specifically in ado-
lescents who attend secondary school, teachers usually know the children less well. 
This might explain why results differ. In general, also mean scores of the teachers 
were within the normal range, indicating reassuring behavior and psychosocial well-
being in IVF adolescents.    

Despite the normal findings in this study and the rejection of our hypothesis 
about a role of the IVF conception as such, some aspects of our study have to be 
considered. The age range of the ySR questionnaire (11-18 years) used in this study 
differs from that of the parent and teacher questionnaires (CBCL and TRF) used in 
our initial study. Due to this fact, some  children did not participate, whereas their 
parents did complete the questionnaire, which makes direct comparison of the out-
comes less reliable. Moreover, response rate in the children themselves was 70%, 
indicating that a considerable amount of children did not complete the ySR ques-
tionnaire. It is possible that some adolescents in this non-participants group did not 
participate because of serious behavior or emotional problems. However, numbers of 
non-participants were comparable between the IVF and control group. Furthermore, 
this study was performed later than the initial study in which parents- and teacher-
reports were evaluated (at mean ages of 15 years and 13 years, respectively). In view 
of the self-reported findings of more anxious, depressed and aggressive behavior in 
9- to 10-year-old IVF children in the study by Levy-Shiff et al8, and the less aggressive 
behavior found at 11-12 years of age in the study by Golombok et al10, findings might 
be more contradictory during the early pubertal years than in later adolescence. At 
15-16 years, the same age as the mean age in our present study, Colpin and Bossaert11 
did not find any differences in parent- or adolescent-reported behavioral problems 
between adolescents conceived by IVF or conceived naturally. Despite differences in 
the control groups used, this is comparable with our findings of the present study. 

In conclusion, both IVF conception as such, and growing up as a child from IVF 
parents do not seem to be adverse conditions for behavior and psychosocial well-
being in adolescence. 
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Summary of the results

The study described in this thesis was performed to investigate the hypothesis that 
in vitro fertilization (IVF) alters the programming of physiological, metabolic and 
endocrine systems, resulting in long-lasting consequences for physical and mental 
functioning in later life (known as the ‘developmental origins hypothesis’ or previ-
ously as the ‘prenatal/fetal programming hypothesis’ or ‘Barker hypothesis’). This 
thesis reports about the psychological functioning of children born after IVF. School 
functioning, specific cognitive abilities, behavioral and socio-emotional functioning 
of 8- to 18-year-old IVF children were evaluated and compared with the results of 
these aspects in children born to subfertile parents who eventually conceived spon-
taneously. By the use of this control group we have aimed to control for the effect of 
parental factors, and to evaluate the role of IVF conception itself more properly. 

Overview of the literature
In chapter 2, an overview is given of the psychological literature on IVF children so 
far. This overview of studies on early development, cognition and psychosocial well-
being of children born after IVF showed that early mental and psychomotor function, 
cognitive development and school functioning of IVF children until the age of 5 years 
was thoroughly investigated and seems normal. However, only a few studies investi-
gated older children and no studies are available that evaluate cognitive aspects and 
school performance at secondary school age. Since in children born preterm or small 
for gestational age more specific learning difficulties occur rather than general intel-
lectual impairments, further research in the domain of cognition should also focus on 
specific cognitive abilities in IVF children. 

With respect to psychosocial development, some IVF mothers reported more dif-
ficulties with their child in the first year, but overall positive parent-child relationships 
were reported in IVF families. Psychosocial well-being of the children was not different 
from that of naturally conceived children up to the age of 8 years. At older age, data 
were more contradictory, and in adolescence follow-up was still scarce, however. 

Based on this overview of the literature, we concluded that questions still remain 
about the effect of IVF conception on the cognitive and psychosocial functioning of 
older children. Since first signs of programming effects may become apparent in ado-
lescence, it is recommended that further follow-up is needed and should focus on 
school functioning, specific cognitive abilities, behavior and socio-emotional func-
tioning in pubertal IVF children.   
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School functioning in 8- to 18 year old IVF children
In chapter 3 school functioning of 8- to 18-year-old IVF children was examined. The 
total group of 233 IVF children was compared to the control group of 233 sex- and 
age- matched children born spontaneously from parents with subfertility  problems, 
on measures of education level, general cognitive ability, school performance 
(need for extra help, repeating a grade, special education) and rates of learning and 
develop mental disorders. No significant differences were found between IVF and 
control children on these measures of school functioning. More than 60% of adoles-
cents at secondary school attended high academic levels (with access to higher voca-
tional education or university). It was concluded that children and adolescents born 
after IVF show good academic achievement and general cognitive ability. They do 
not experience any more educational limitations than naturally conceived children 
and adolescents of the control group. The tendency of reassuring school function-
ing already found in younger IVF children has been shown to continue at the end of 
primary school and at secondary school age.  

Information processing, attention and visual-motor function in IVF adolescents 
School functioning of a child is not only determined by general intelligence. Specific 
learning problems may appear despite average intelligence, as has been found in 
children born preterm or small for gestational age. Neurodevelopmental outcome is 
the result of a very complex interaction between biological and environmental fac-
tors, and IVF children might be exposed to the same potential risk factors as children 
born preterm or small for gestational age. Therefore we hypothesized that IVF chil-
dren might be at risk for disturbances in specific cognitive abilities. In chapter 4, we 
assessed information processing, attention and visual-motor function in a subgroup 
of 139 pubertal IVF children and 143 pubertal controls. The children underwent vari-
ous neuropsychological tests to measure these cognitive functions. Subsequently, 
results were related to cardio-metabolic measures (blood pressure and glucose  levels) 
to explore whether these can be explained by changes in fetal programming due to 
IVF. No differences between IVF and control adolescents were found in information 
processing and attention irrespective the cardio-metabolic outcome. With regard to 
visual-motor function, IVF adolescents obtained lower test scores for motor speed 
and the combination of motor control and speed. However, these scores were within 
the normal range for the test. No direct relation was found between these measures 
and cardio-metabolic outcome. 
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Our study shows that, in contrast to children born preterm or small for gestational 
age, IVF children have no higher risk for specific cognitive deficits on the functions 
examined. These results therefore do not support the hypothesis that cognition is 
influenced by IVF conception or an altered programming of metabolic systems due 
to IVF. The findings indicate that cognitive abilities in IVF children, as measures by the 
tasks assessed, appear to develop normally. 

Behavior and socio-emotional functioning of adolescents born after IVF
The aim of the studies in chapter 5 and 6 was to assess the role of IVF conception 
on psychosocial well-being in adolescence. Using a control group of children born 
spontaneously from parents with subfertility problems, it was possible to control for 
parental factors that may influence parent-child relationships, and to investigate the 
role of IVF itself on the children’s functioning. 

In chapter 5 behavior and socio-emotional functioning in pubertal subgroups of 
IVF and control children (9- to 18-years of age) were evaluated using self-report ques-
tionnaires filled in by parents (Child Behavior Checklist (CBCL)) and teachers (Teacher 
Report Form (TRF)). Overall, mean scores of CBCL and TRF were within the normal 
range. Parents of IVF adolescents reported their children to show less behavior 
 problems than parents of control children. Mainly less externalizing (aggressive and 
rule-breaking) behavior, attention and thought problems were reported. Although 
on the teacher reports no significant differences were found between IVF and control 
children, there was a tendency for less externalizing problem behavior in IVF children 
as well. Remarkably, teachers in addition reported an increased proportion of IVF 
children with withdrawn/depressed behavior of (clinical) concern. It was discussed 
whether these findings were more likely to be attributed to parental reporter bias 
or might be attributed to the IVF conception. However, overall it is concluded that 
behavior and socio-emotional functioning of 9- to 18-year-old IVF children is normal. 
The reduced behavior of externalizing nature reported by the parents, and teacher 
ratings of more withdrawn/depressed behavior need further study.   

 To exclude parental bias, in chapter 6 behavior and socio-emotional func-
tioning reported by the pubertal children themselves was evaluated. A total of 86 
IVF and 97 control adolescents aged 11 to 18 years filled in the youth Self Report 
(ySR) questionnaire. All scores were within the normal range and no differences 
were found between the IVF and control group on the different scales. In this study, 
behavior and socio-emotional functioning as reported by 11- to 18-year-old IVF ado-
lescents was found to be normal. The reduced behavior of externalising nature and 
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more withdrawn/depressed behavior reported by parents and teachers could not be 
reproduced. Therefore it is concluded that there is no clear evidence that IVF concep-
tion influences behavior and socio-emotional functioning.     

After studying these aspects we conclude that overall the results are reassuring. (Pre)
pubertal children conceived by IVF show no adverse outcomes on school perfor-
mance, specific cognitive abilities, behavior and socio-emotional functioning com-
pared to our control group of naturally conceived children. With the tests and ques-
tionnaires used, we were not able to demonstrate any negative consequence of IVF 
conception on psychological functioning in adolescence. 

However, in the related study on growth and health of the same 8- to 18-year-
old IVF children increased blood pressure, a higher fasting glucose level and more 
body fat were found in IVF children compared to controls.1,2 This may suggest a partial 
influence of IVF on the physical domain. In the next methodological section some 
strengths and weaknesses of our study are discussed. Subsequently, our findings are 
related to the physical part of the study, the clinical implications are addressed, and 
finally some directions for future research are presented. 

Methodological considerations

Study design
To our knowledge this is the first study in which IVF adolescents were evaluated 
on their school and cognitive functioning and psychosocial well-being from the 
 perspective of the consequences of the IVF conception itself. Until now in psychologi-
cal follow-up studies of IVF children, naturally conceived children were used as con-
trols, not taking into account possible differences in parental factors and attitude due 
to the fertility problems in IVF families. Therefore, it was difficult to draw conclusions 
on the role of the IVF conception as such on the child’s psychological functioning. In 
the present study we used a rather unique control group of children born naturally to 
subfertile parents who eventually conceived spontaneously. Parents of these children 
were assumed to be more comparable to parents of IVF children with respect to fer-
tility and the effort and duration needed to become pregnant, which makes it more 
precisely to evaluate the role of IVF conception itself.  

Since IVF research in adolescence is still scarce, we designed a cross-sectional 
study with a wide range in age. Our IVF population consisted of singleton (pre)puber-
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tal IVF children conceived in the VU University Medical Center (VUmc). Because the 
first IVF child in VUmc was born in 1986, we were able to evaluate children up to the 
age of 18 years. To select all pubertal children and maximize the number of partici-
pants we invited children aged 8-18 years for this study. The evaluation of children up 
to 18 years is unique in IVF follow-up, but the wide range of 8-18 years may also be a 
limitation of our study design. Fortunately, we were able to select normative instru-
ments that covered the total age group, and by matching IVF and control children 
one-to-one for sex and age, we tried to compensate for this shortcoming.     

Participants
In total 246 of 354 IVF children (69%) and 233 of 454 control children (51%) agreed 
to participate in the study, leading to 233 IVF and 233 control children to investigate 
school functioning, and 139 IVF and 143 control children to evaluate specific cogni-
tive abilities and psychosocial well-being. Especially in the IVF group this was a fairly 
high response rate. Despite this high response rate, in some parts of the study (e.g. 
the specific cognitive functions, see chapter 4) the numbers of variables measured 
was large, and it was questioned whether the number of children in both groups was 
large enough for the differences found to reach significance. 

Families who refused to participate in the study received a questionnaire regard-
ing pregnancy, parent and child characteristics. Statistical analyses showed that 
higher educated parents were more inclined to participate. For example, mothers 
of participating children more often had a higher education level than mothers of 
non-participating children (37% versus 24%). Overall, parents of non-participants 
appeared to have lower education level than parents of participants, and it is pos-
sible that non-participating children might also have a lower education level. Since 
children with lower education levels more often experience learning disabilities 
and behavior problems, the problems found in our study group might have been 
underestimated. However, differences in parental education level were similar in the 
IVF and control population, so an increase in cognitive and behavioural problems is 
likely to be attributable to the education level rather than to the IVF conception itself. 
 Nevertheless, this limitation needs attention in future studies.   

Within the participants, IVF and control children differed in gestational age and 
birth weight, and parents of IVF and control children differed in parity and educa-
tion level. IVF children had a shorter gestational age and lower birth weights than 
controls. In the IVF children, the mothers were more often primipara at their birth 
than mothers of control children. Parents of IVF children more often had low and 
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middle and less often high educational level than parents of children from the control 
group. By adding these variables as covariates in the statistical analyses we tried to 
correct for these differences. Because of the strength of the control group used in our 
study, parental age at birth of the child and parental age at assessment did not differ 
between the groups.  

Measurements
Despite the wide age range (8-18 years) of the children in our study, for the evaluation 
of specific cognitive abilities and behavior and socio-emotional functioning we were 
able to select normative instruments that covered the total age group. Information 
on school functioning was provided from the parents by interview. Another strength 
of our study is that on the domain of psychosocial well-being we obtained informa-
tion from parents, teachers, as well as the children themselves. However, some weak-
nesses also have to be reported. 

The selection of the instruments was made by means of the combination with 
the physical part of the study. Most children were seen for physical and psychological 
measurements on the same day, which resulted in limited psychological assessment 
time. Because of this, the children themselves just underwent a neuropsychological 
examination to evaluate information processing, attention and visual-motor func-
tion. General cognitive ability was measured by using the CITO test score, and no test 
of intelligence was performed. Since not all children had undertaken the CITO test 
already and some children undertook another test in their last year of primary school, 
scores of only 74 IVF children and 66 controls were available. If we have used an IQ 
test we had been able to evaluate general cognitive ability of all participating IVF and 
control children. However, our findings are in line with the earlier literature indicating 
no differences in outcomes of intelligence measures and school performance com-
pared to naturally conceived children.3-9 Moreover, in a recent study in 5- and 10-year 
old IVF children also normal IQ scores were found.10 

With respect to the neuropsychological examination, when assessing informa-
tion processing, attention and visual-motor function we measured only a selection of 
cognitive functions. Because we hypothesized that IVF children might be exposed to 
the same potential risk factors as children born preterm or small for gestational age, 
this selection was based on the neurocognitive functions found to be at risk in these 
groups. However, the choice made might have been too narrow and other cognitive 
functions (such as memory and verbal functions) might be at risk in IVF children. This 
needs attention in future studies. 
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Our choice of self-reporting questionnaires to assess behavior and socio-emo-
tional functioning may have had its limitations as well. Although the CBCL, TRF and 
ySR are worldwide used and well-know questionnaires, a reporter bias seemed to 
occur in our IVF mothers. IVF mothers tend to present their child in a more favourable 
light and may therefore have reported less problem behavior. The contribution of 
teachers from children at secondary school was more limited, and the children them-
selves filled in the questionnaires on a later moment, which made comparison of the 
results more difficult. The use of a psychiatric interview with the child to evaluate 
behavior and socio-emotional problems would have eliminated these impediments. 
However, with the use of the current instruments we were able to compare our find-
ings with the literature.     

Relation with physical part of the study and 
clinical implications

While we did not find any differences in psychological functioning between 8- to 
18-year-old IVF and control children, in the related study on growth and health 
increased systolic and diastolic blood pressure, higher fasting glucose levels and 
more body fat were found in IVF children compared to controls.1,2 The differences 
could not be explained by current and early life factors or by parental factors such 
as subfertility cause and socioeconomic status. These findings suggest that the IVF 
procedure unfavorably affects body fat composition and cardio-metabolic function 
of the children conceived by it. Ceelen et al2 stated that although underlying mecha-
nisms are largely elusive and need additional research, the periconceptional period of 
IVF children might be a critical time window during which cardio-metabolic function 
can be perturbed. 

To explore whether a relationship exists between the differences in cardio-
 metabolic outcomes and psychological functions and whether both might be 
explained by changes in fetal programming due to IVF, in our study on information 
processing, attention and visual-motor function (chapter 4) these cognitive data 
were related to blood pressure and glucose level. No direct relations were found. We 
therefore conclude that our results do not support the hypothesis that cognition is 
influenced by IVF conception or by an altered programming of metabolic systems 
due to IVF. These findings suggest that the development of cardio-metabolic and 
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cognitive functions are not directly related to each other and might indicate that sev-
eral brain functions are not influenced by the early programming of cardio-metabolic 
systems. We therefore hypothesize that brain function may develop independently 
from development of cardio-metabolic systems and may not have its critical window 
at the same stage of pregnancy. In chapter 4 we stated that children born small for 
gestational age due to malnutrition in the last trimester of gestation develop subtle 
cognitive deficits, and suggest that the critical time window for cognitive functions 
occurs later in pregnancy. All this may explain why IVF conception has its influence on 
cardio-metabolic function and body fat but not on psychological function.  

Although the clinical relevance of the physical findings for current health is 
small, slight increases in body fatness, blood pressure and glucose/insuline ratio are 
 recognized as major risk indicators of later cardiovascular disease and type II diabe-
tes mellitus.11,12 While psychological findings are reassuring for parents and children 
and psychological follow-up into adulthood seems less relevant, the data demon-
strating disturbed body fat composition and elevated blood pressure and glucose 
level in IVF children confirm the importance of long-term physical follow-up after 
IVF conception. When it appears that grown ups born after IVF have indeed a higher 
risk to develop cardiovascular disease or diabetes mellitus, it might be of interest to 
evaluate psychological functioning again. Until then there seems no reason to worry 
about the cognitive, behavioral and socio-emotional functioning of IVF children and 
adolescents.

Recommendations for future research

Except the already mentioned points of attention for future research such as includ-
ing lower educated children and the assessment of the broad range of cognitive 
functions, some other directions for future research might be given. 

In some studies it has been found that ICSI children perform slightly worse on 
developmental and cognitive tests than IVF children, and show more problem behav-
ior.7,13,14 In ICSI, mostly because of male infertility, in vitro a single sperm cell is directly 
injected into an oocyte. This procedure implies that natural selection of the sperm 
cell is diminished. In a recent study by Goldbeck et al10 it was found that ICSI children 
had lower intellectual abilities compared to IVF children (IQ ICSI children: 94.1 (SD 
13.8), IQ IVF children: 102.0 (SD 9.1)), especially in simultaneous mental processing. A 
total of 23.5% ICSI children, but only 2.9% IVF children had at least borderline delayed 
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cognitive development.10 This suggests that this specific method of fertilization has 
an impact on cognitive development, whereas IVF does not. Besides, it seems to be in 
contradiction with our hypothesis (in chapter 4) that the critical time window for cog-
nitive developmental might occur later in pregnancy. It therefore seems important 
to replicate our study in ICSI children, to evaluate the role of ICSI as such on growth, 
health and development, and to investigate the cause of possible differences with 
IVF outcomes. This might contribute to knowledge about relations between prenatal 
factors and (cognitive) development.  

It is still unknown whether adverse outcomes after assisted reproduction are the 
result of the assisted reproductive technique or of the underlying infertility. There-
fore, it is recommended to investigate different types of groups: children born after 
assisted reproductive techniques compared to children born after natural conception 
from both subfertile and fertile couples. With the naturally conceived children from 
subfertile couples the effect of the assisted reproductive technique might be investi-
gated. With the naturally conceived controls from fertile parents the effect of fertility 
problems may become more clear.    

Although not primarily a psychological question, the fertility of children born 
after IVF should be followed into their reproductive stage. Children born after IVF or 
other reproductive techniques may inherit factors that caused their parents’ infertil-
ity. Besides, it is still unclear whether the IVF procedure itself may have its influence 
on fertility in the offspring. In our study, parents of IVF children mentioned this as the 
most important question with respect to long term outcome for their children. Reas-
suringly, at the end of 2006 Louise Brown, the first one born after IVF, gave birth to a 
healthy boy who was conceived naturally.     
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Inleiding
In vitro fertilisatie (IVF) is een veel gebruikte methode van kunstmatige bevruchting 
waarbij een of meerdere eicellen buiten het lichaam van de vrouw in een kweek-
medium worden bevrucht met zaadcellen van de man. De eerste succesvolle IVF-
 zwangerschap was destijds een grote doorbraak in de medische wetenschap. Het 
resultaat hiervan was de geboorte van Louise Brown op 25 juli 1978 in Engeland. In 
Nederland wordt IVF toegepast sinds het begin van de jaren ‘80. Op dit moment ont-
staan ongeveer 1 op de 40 zwangerschappen door middel van IVF en worden onge-
veer 3000 kinderen per jaar via IVF geboren.   

De prenatale fase is een kwetsbare periode. Er is toenemend bewijs dat omge-
vingsinvloeden tijdens de prenatale fase invloed kunnen hebben op de latere licha-
melijke ontwikkeling. Bij ongunstige omstandigheden tijdens de zwangerschap past 
de zich ontwikkelende foetus zich aan door veranderingen aan te brengen in de pro-
grammering van fysiologische, metabole en endocrine systemen. Deze veranderin-
gen zijn blijvend en blijken de basis te vormen voor ziekten op oudere leeftijd, zoals 
type 2 diabetes, verhoogde bloeddruk en hart- en vaatziekten. Zo is aangetoond dat 
prematuur geboren kinderen en kinderen geboren na intra-uteriene groeivertraging 
een verhoogde kans hebben op hoge bloeddruk, een verstoorde insuline-glucose-
huishouding en meer lichaamsvet in de volwassenheid; de eerste signalen hiervan 
zijn reeds meetbaar in de (pre)puberteit. Deze bevindingen zijn bekend geworden 
als de ‘Barker-hypothese’, vernoemd naar de onderzoeker die deze relatie als eerste 
opmerkte en er bekendheid aan gaf. Tegenwoordig wordt gesproken van de ‘deve-
lopmental origins hypothesis’, de hypothese over factoren in de vroege ontwikkeling 
die ten grondslag liggen aan ziekte en gezondheid op latere leeftijd. De laatste jaren 
zijn er aanwijzingen gevonden dat vergelijkbare blijvende veranderingen zich ook 
voor kunnen doen op neurologisch en mentaal gebied. 

Het is duidelijk dat zwanger worden via IVF anders verloopt dan een via natuur-
lijke bevruchting. Uit verschillende studies is naar voren gekomen dat IVF-zwanger-
schappen tot meer problemen rondom de geboorte leiden dan natuurlijke zwan-
gerschappen. Zo hebben IVF-kinderen een verhoogd risico om te vroeg geboren te 
worden (prematuriteit) of om bij de geboorte kleiner in lengte en/of gewicht te zijn 
dan op grond van de zwangerschapsduur mag worden verwacht (dysmaturiteit). Ook 
hebben IVF-kinderen een verhoogd risico om te overlijden tijdens de zwangerschap. 
Behalve het feit dat IVF-kinderen vaker pre- of dysmatuur zijn, factoren die volgens 
de ‘developmental origins hypothese’ op zich al geassocieerd kunnen zijn met latere 
gezondheid en functioneren, is de periode rond de bevruchting een kritieke  periode 
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waarin de foetus kwetsbaar is en gevoelig voor omgevingsinvloeden. De vraag is 
daarom of de hierboven beschreven hypothese ook opgaat voor de IVF-conceptie 
als zodanig, dus afgezien van de effecten die te maken kunnen hebben met pre- en/
of dysmaturiteit. Onderzoek bij dieren heeft aangetoond dat kunstmatige bevruch-
ting kan leiden tot blijvende veranderingen in de groei en ontwikkeling. Bij mensen 
is echter nog onduidelijk of de IVF-behandeling invloed heeft op de ontwikkelings-
processen die tijdens de zwangerschap plaatsvinden, en daarmee een risico vormt 
voor de ontwikkeling op lange termijn. 

Om dit te onderzoeken werd een studie verricht naar de groei, gezondheid en 
het psychologisch functioneren van 8 tot 18 jaar oude kinderen geboren na IVF-
 behandeling in het VU medisch centrum (VUmc) in Amsterdam. Om de invloed van 
IVF-conceptie goed te kunnen bestuderen, werden IVF-kinderen vergeleken met 
kinderen van ouders die met vruchtbaarheidsproblemen bekend waren bij de afde-
ling Gynaecologie van het VUmc, maar uiteindelijk toch spontaan zwanger werden. 
De ouders van deze kinderen werden vergelijkbaar geacht met IVF-ouders voor wat 
betreft de verminderde vruchtbaarheid en de inspanning en tijd die zij nodig heb-
ben gehad om zwanger te worden. Verschillen in dergelijke factoren bij de ouders 
maken bij vergelijking met een normale controlegroep (kinderen geboren na natuur-
lijke zwangerschap in de normale populatie) dat het evalueren van de rol van de IVF-
 conceptie als zondanig bemoeilijkt wordt. Over de studie naar de groei en gezondheid 
van IVF-kinderen wordt geschreven in een ander proefschrift door Manon Ceelen. 
In onderhavig proefschrift worden de resultaten beschreven van het psychologisch 
functioneren van IVF-kinderen tussen 8 en 18 jaar oud. 

Hoofdstuk 1 geeft, naast de hierboven beschreven uitgangspunten van de stu-
die, informatie over de geïncludeerde patiëntenpopulatie, de procedure van de studie 
en de uitgevoerde metingen. Ook wordt een overzicht gegeven van hetgeen wordt 
beschreven in de verschillende hoofdstukken van dit proefschrift. Zo betreft hoofd-
stuk 2 een overzichtstudie naar de bestaande kennis met betrekking tot de psycho-
logische ontwikkeling van IVF-kinderen. Op basis van de literatuur met betrekking 
tot de vroege psychomotore ontwikkeling, cognitief functioneren, schoolprestaties 
en het psychosociale welzijn van IVF-kinderen, werd besloten om in dit proefschrift 
het schoolfunctioneren (hoofdstuk 3), specifieke cognitieve vaardigheden (hoofd-
stuk 4) en het gedrag en de sociaal-emotionele ontwikkeling (hoofdstukken 5 en 6) 
van IVF-kinderen in de adolescentie te bestuderen. Hoofdstuk 7 bevat, behalve een 
samenvatting van de hoofdstukken, de algehele conclusie en een discussie over de 
resultaten. Ook worden de psychologische bevindingen gerelateerd aan de resulta-
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ten met betrekking tot groei en gezondheid en worden aanbevelingen voor toekom-
stig onderzoek gedaan.

Overzicht van de literatuur
Hoofdstuk 2 bevat een overzicht van wat er in de bestaande wetenschappelijke lite-
ratuur bekend is over het psychologisch functioneren van IVF-kinderen. Gekeken is 
naar studies op het gebied van de vroege psychomotore ontwikkeling, de cognitieve 
ontwikkeling en het psychosociaal functioneren van kinderen geboren na IVF. Hierbij 
komt naar voren dat er relatief veel onderzoek is gedaan naar de vroege mentale 
en psychomotorische ontwikkeling en naar de algemene intelligentie en het school-
functioneren van IVF-kinderen tot en met 5 jaar. De uitkomsten laten een normale 
ontwikkeling zien. Er blijkt echter nog weinig onderzoek te zijn gedaan bij kinderen 
van 6 tot 12 jaar en geen enkele studie is beschikbaar over het cognitief functioneren 
en de schoolprestaties van kinderen op de middelbare schoolleeftijd. Omdat bij kin-
deren die pre- of dysmatuur geboren zijn specifieke leerproblemen gezien worden, 
ook als zij een gemiddeld intelligentieniveau hebben, is het van belang om ook bij 
IVF-kinderen verder onderzoek naar specifieke cognitieve vaardigheden te doen.  

Met betrekking tot het psychosociaal functioneren wordt gevonden dat sommige 
IVF-moeders in het eerste levensjaar meer problemen ervaren met hun kind, maar 
over het algemeen wordt een positieve ouder-kindinteractie gerapporteerd in IVF-
gezinnen. Tot de leeftijd van ongeveer 8 jaar blijkt het psychosociale welbevinden 
van IVF-kinderen niet te verschillen van dat van kinderen geboren na een natuurlijke 
zwangerschap. Boven de leeftijd van 8 jaar worden wisselende uitkomsten gerap-
porteerd, variërend van meer gedrags- en sociaal-emotionele problemen tot geen 
verschil in functioneren met kinderen geboren na een natuurlijke zwangerschap. 
Follow-upgegevens in de adolescentie zijn nog nauwelijks beschikbaar.      

Op basis van de overzichtsstudie concluderen wij dat er nog onvoldoende bekend 
is over het cognitief en psychosociaal functioneren van oudere IVF-kinderen. Omdat 
de eerste signalen van een veranderde vroege programmering zichtbaar lijken te 
worden in de puberteit, is verdere follow-up van IVF-kinderen in deze leeftijdsfase 
volgens ons aangewezen. De focus zou daarbij moeten liggen op schoolprestaties, 
specifieke cognitieve vaardigheden, gedrag en sociaal-emotioneel functioneren.     

Schoolfunctioneren van 8- tot 18-jarige IVF-kinderen
Hoofdstuk 3 beschrijft de resultaten van onze studie naar het schoolfunctioneren 
van 233 IVF- en 233 controlekinderen, tussen de 8 en 18 jaar oud. Vergelijking van 
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opleidingsniveau, de algeheel cognitieve vaardigheden (bepaald aan de hand van 
de CITO-testscore), schoolprestaties (afgemeten aan factoren als extra hulp of bijles 
nodig hebben, zijn blijven zitten of speciaal onderwijs volgen), en het voorkomen 
van leer- of ontwikkelingsstoornissen liet geen verschillen zien tussen de IVF- en 
de controlegroep. Meer dan 60% van de kinderen op de middelbare school volgde 
HAVO of VWO-onderwijs. Op basis van dit onderzoek kan geconcludeerd worden dat 
kinderen in de leeftijd van 8 tot 18 jaar en geboren na IVF goede prestaties laten zien 
op school en in algeheel cognitief opzicht normaal functioneren. Ook ervaren zij niet 
meer onderwijsbeperkingen dan kinderen geboren na een natuurlijke zwangerschap. 
Tenslotte kan geconcludeerd worden dat de in de literatuur gevonden tendens van 
gunstige schoolprestaties bij jongere IVF-kinderen, zich voortzet in de verdere basis-
school- en middelbare schoolleeftijd.    

Informatieverwerking, aandacht en visuo-motoriek van IVF-pubers
Kinderen kunnen specifieke leerproblemen hebben ondanks een gemiddelde intel-
ligentie. Bij kinderen die pre- of dysmatuur geboren zijn wordt dit gezien. Het kan zijn 
dat IVF-kinderen aan vergelijkbare risicofactoren blootstaan als pre- en  dysmature 
kinderen en daarom eveneens een verhoogde kans hebben om problemen te ont-
wikkelen in specifieke cognitieve functies. In hoofdstuk 4 worden de resultaten 
beschreven van onderzoek naar de informatieverwerking, aandacht en concentratie 
en visuo-motoriek, welke door middel van neuropsychologische (computer)tests (zie 
tabel 1 in hoofdstuk 1) in een subgroep van 139 IVF- en 143 controlepubers werden 
gemeten. Er werden geen verschillen gevonden op het gebied van informatieverwer-
king en aandacht en concentratie. Voor de visuo-motoriek werden bij de IVF- kinderen 
lagere scores gevonden voor motorische snelheid en coördinatie, maar deze scores 
vielen binnen de normale scorerange van de tests.     

 De uitkomsten op het gebied van de informatieverwerking, aandacht en 
visuo-motoriek werden gerelateerd aan de cardio-metabole uitkomsten uit het 
medische deel van de studie. In dit onderzoek naar de groei en gezondheid van 
IVF-kinderen was gevonden dat bloeddruk en glucosewaarden hoger waren bij IVF 
kinderen. In onze analyse werd geëxploreerd of er een verband bestaat tussen de 
cardio-metabole en neuropsychologische uitkomstmaten, dat verklaard zou kunnen 
worden door de IVF-conceptie. Er kon echter geen relatie tussen de uitkomsten aan-
getoond worden. 
 Uit dit deel van het onderzoek kan geconcludeerd worden dat IVF-kinderen, in 
tegenstelling tot pre- of dysmatuur geboren kinderen, geen verhoogd risico hebben op 



126

problemen in de specifieke cognitieve vaardigheden die door ons onderzocht zijn. Ook 
lijkt de IVF-conceptie of een veranderde programmering van cardio- metabole syste-
men niet van invloed te zijn op de (vroege) ontwikkeling van neurocognitieve functies.

Gedrag en sociaal-emotioneel functioneren van IVF-pubers
De studies beschreven in hoofdstuk 5 en 6 onderzoeken de invloed van IVF-
 conceptie op het gedrag en psychosociaal welbevinden van IVF-kinderen in de ado-
lescentie. Door het gebruik van onze controlegroep, was het mogelijk te controleren 
voor  factoren die de ouder-kind-interactie kunnen beïnvloeden, zoals de mate van 
gewenstheid van het kind. Dit maakte het mogelijk de invloed van de IVF-conceptie 
op zich te onderzoeken. 

In hoofdstuk 5 zijn de resultaten beschreven van de studie naar het gedrag en 
sociaal-emotioneel functioneren van IVF-pubers (9 tot 18 jaar) aan de hand van een 
door de ouders en een leerkracht ingevulde vragenlijst (Child Behavior Checklist en 
Teacher Report Form). In zijn algemeenheid bleken alle gemiddelde scores binnen de 
normale range te liggen. Ouders van IVF-pubers rapporteerden minder probleem-
gedrag bij hun kinderen dan ouders van controle kinderen. Vooral werden door 
hen minder externaliserend probleemgedrag (zoals agressief en regeloverschrij-
dend gedrag) en aandacht-/concentratie- en denkproblemen gemeld. Leerkrachten 
gaven een tendens aan in de richting van minder externaliserende problemen bij 
IVF-pubers in vergelijking met controlepubers. Daarentegen vonden de leerkrach-
ten opvallend genoeg vaker dat IVF-pubers teruggetrokken/depressief gedrag verto-
nen. In dit hoofdstuk wordt bediscussieerd of de bevindingen zouden kunnen wor-
den toegeschreven aan de IVF-conceptie of te wijten zijn aan een ‘reporter-bias’; dit 
behoeft verder onderzoek. In ieder geval kan geconcludeerd worden dat het gedrag 
en sociaal- emotioneel functioneren van 9- tot 18-jarige IVF-pubers overwegend nor-
maal is.       

Om reporter-bias uit te sluiten en te bezien of de resultaten uit hoofdstuk 5 gere-
pliceerd konden worden, werd in hoofdstuk 6 het gedrag en sociaal-emotioneel 
functioneren bestudeerd aan de hand van een door de pubers zelf ingevulde vragen-
lijst (youth Self Report). Aan dit deel van het onderzoek deden 86 IVF- en 97 controle-
kinderen mee, tussen 11 en 18 jaar oud. Ook nu lagen alle gemiddelde scores binnen 
de normale range. Er werden geen verschillen op de verschillende schalen gevonden 
tussen het functioneren van IVF- en controlekinderen. IVF-pubers ervaren hun gedrag 
en sociaal-emotioneel functioneren niet anders dan controlepubers. Het minderde 
externaliserende probleemgedrag en grotere aantal kinderen met teruggetrokken/
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depressief gedrag zoals ouders, respectievelijk leerkrachten dat rapporteerden, werd 
hier niet bevestigd. Op basis hiervan concluderen wij dat er geen duidelijke aanwij-
zingen zijn voor een relatie tussen IVF-conceptie en afwijkend gedrag en/of sociaal-
emotioneel functioneren in de adolescentie.           

Discussie en conclusie
In hoofdstuk 7 wordt, na een samenvatting van de resultaten van de in dit proef-
schrift bestudeerde aspecten, geconcludeerd dat de bevindingen zeer geruststel-
lend zijn. Acht tot achttien jaar oude kinderen die werden geboren na IVF laten niet 
meer problemen zien op het gebied van schoolfunctioneren, specifieke cognitieve 
vaardigheden, gedrag en sociaal-emotioneel functioneren dan kinderen uit de con-
trolegroep geboren na een natuurlijke zwangerschap. Met de door ons gebruikte 
meetinstrumenten bleek een mogelijk negatieve invloed van IVF-conceptie op het 
cognitief en psychologisch functioneren in de adolescentie niet te kunnen worden 
aangetoond. 

Hoewel dit de eerste studie is die het psychologisch functioneren van IVF-
 kinderen beoordeelt vanuit het perspectief van de invloed van de IVF-conceptie zelf, 
door gebruik te maken van een unieke controlegroep kinderen van ouders met fer-
tiliteitsproblemen die uiteindelijk toch spontaan zwanger werden, kende het onder-
zoek ook een aantal beperkingen. Deze worden in hoofdstuk 7 besproken. De brede 
leeftijdsrange van 8 tot 18 jaar werd ondervangen door kinderen te matchen op 
geslacht en leeftijd en door meetinstrumenten te kiezen die de gehele leeftijdsrange 
besloegen. Echter, ondanks het matchen van IVF- en controlekinderen, hadden IVF-
kinderen gemiddeld een kortere zwangerschapsduur en lager geboortegewicht en 
waren IVF-kinderen vaker eerstgeborenen dan controlekinderen. Hoewel ouders van 
de deelnemende kinderen een relatief hoog opleidingsniveau hadden, waren IVF-
ouders minder hoog opgeleid dan controleouders. Door in de statistische analyses 
de variabelen zwangerschapsduur en geboortegewicht, pariteit en opleidingsniveau 
van de ouders toe te voegen als covariaat werd voor deze verschillen gecorrigeerd. 
Het overwegend meedoen van hoger opgeleide families aan het onderzoek, en 
daarmee het missen van kinderen met een lager opleidingsniveau en mogelijke leer-
problemen, is een aandachtspunt voor toekomstig onderzoek. Ook het onderzoeken 
van slechts een selectie van specifieke cognitieve functies kan genoemd worden als 
beperking en aandachtspunt voor toekomstig onderzoek; het is niet uitgesloten dat 
IVF-kinderen wel een verhoogd risico laten zien op problemen bij andere cognitieve 
functies dan informatieverwerking, aandacht en visuo-motoriek.     
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Waar er in dit proefschrift met betrekking tot het psychologisch functioneren 
geen bijzonderheden werden gevonden, werd in de gelieerde studie naar de groei 
en gezondheid bij dezelfde 8 tot 18 jaar oude IVF-kinderen een verhoogde bloed-
druk, hogere glucosewaarden en meer lichaamsvet gemeten ten opzichte van de 
kinderen uit de controlegroep. Dit suggereert dat IVF-conceptie wel van invloed is 
op de ontwikkeling van bepaalde lichamelijke functies, waar het dat niet blijkt te zijn 
op psychologisch gebied. Mogelijke verklaringen voor dit verschil worden in hoofd-
stuk 7 uiteengezet, waarbij de hypothese is dat de ontwikkeling van hersenfuncties 
onafhankelijk verloopt van de ontwikkeling van cardio-metabole functies en moge-
lijk in een andere (latere) periode van de zwangerschap gevoelig is voor veranderde 
omstandigheden en verstorende invloeden van buitenaf.    

De gevonden verschillen op lichamelijk gebied zijn vooralsnog gering en hebben 
op dit moment weinig betekenis voor de gezondheid van de IVF-kinderen. Echter, 
kleine verhogingen in lichaamsvet, bloeddruk en glucose/insulinewaarden staan wel 
bekend als risicofactoren voor latere cardiovasculaire aandoeningen en ouderdoms-
suikerziekte (type 2 diabetes). Hoewel dit voor het psychologische functioneren voor-
alsnog minder noodzakelijk is, impliceren de lichamelijke bevindingen dat verdere 
follow-up van IVF-kinderen tot in de volwassenheid wel degelijk van belang is. Moch-
ten volwassenen geboren na IVF inderdaad vaker cardiovasculaire aandoeningen en/
of suikerziekte ontwikkelen, dan kan het nuttig zijn het psychologisch functioneren 
van deze groep nog eens in kaart te brengen. Tot die tijd lijkt er geen reden voor 
zorg omtrent het cognitief, gedragsmatig en sociaal-emotioneel functioneren van 
die genen die geboren zijn na IVF. 

Verder onderzoek, in opzet vergelijkbaar met deze studie, wordt wel aanbevo-
len bij kinderen geboren na intracytoplasmatische sperma injectie (ICSI). Het feit dat 
bij ICSI de natuurlijke selectie wordt beperkt door het rechtstreeks injecteren van 
een zaadcel in een eicel, kan een risico met zich meebrengen voor de latere ontwik-
keling van het kind. Eerdere studies naar met name het cognitief functioneren van 
ICSI-kinderen laten aanwijzingen zien voor slechtere prestaties ten opzichte van IVF-
kinderen. Omdat nog steeds niet goed duidelijk is of ongunstige uitkomsten na een 
vruchtbaarheidsbehandeling verklaard kunnen worden door de gebruikte techniek 
of door de onderliggende infertiliteit, wordt tevens aanbevolen verder onderzoek 
te doen met verschillende groepen: kinderen geboren na IVF of ICSI vergeleken met 
kinderen geboren na een natuurlijke zwangerschap uit zowel ouders met als zonder 
vruchtbaarheidsproblemen. Tot slot geven ouders van IVF-kinderen als belangrijkste 
vraag voor toekomstig onderzoek aan de vruchtbaarheid van hun nakomelingen te 
onderzoeken.   
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APPENDIX

Currently used subpopulation

Figure 1. Overview of the inclusion process and study population

Participants pubertal study

Participants pubertal sub-study
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Control children
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APPENDIX

List of Abbreviations

ADHD attention deficit hyperactivity disorder
ANT Amsterdam Neuropsychological Tasks
CBCL Child Behavior Checklist
CCMO Centraal Commitee Mensgebonden Onderzoek
e.g. exempli gratia (in exemple)
hCG human chorionic gonadotropin 
HPA axis hypothalamic-pituitary-adrenal axis
ICSI intracytoplasmic sperm injection
i.e. in exempli (in example)
IQ intelligence quotient
IVF in vitro fertilization
MC Beery motor coordination test
p probability
SD  standard deviation
SPSS Statistical Package for Social Science
TRF Teacher Report Form
VMI Beery visual motor integration test
VP Beery visual perception test
VUmc VU University Medical Center Amsterdam  
ySR youth Self Report 
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Het zit erop! Dit zijn de laatste woorden. Hoewel promoveren vaak ook als een een-
zame bezigheid ervaren wordt, heb ik de ruim 6 jaar die hebben geleid tot de tot-
standkoming van dit proefschrift gelukkig niet alleen hoeven doormaken. Er zijn 
veel mensen die op verschillende manieren hebben bijgedragen, op deze plek kan 
ik hen eindelijk bedanken. Het kan bijna niet anders dan dat ik mensen ga vergeten, 
maar zonder hen tekort te willen doen, wil ik een aantal mensen hier in het bijzonder 
noemen. 

Allereerst gaat mijn grote dank uit naar alle kinderen en hun ouders die aan het 
onderzoek hebben willen deelnemen. Zonder hen had u dit boekje nu niet in handen 
gehad. De bereidheid en inzet van de kinderen bij de metingen heb ik zeer gewaar-
deerd. De verhalen van de ouders hebben mij veel geleerd over hoe bijzonder het 
krijgen van een kind kan zijn.  

Mijn (co)promotoren prof.dr. Peggy Cohen-Kettenis, prof.dr. Henriette Delemarre-van 
de Waal en dr. Jaap Huisman wil ik hartelijk bedanken voor de begeleiding en onder-
steuning bij dit promotietraject.

Peggy, ondanks het feit dat jij pas later bij mijn onderzoek betrokken raakte en 
er daardoor misschien wat verder vanaf stond, heb ik jouw kennis van de psycho-
logie en wetenschappelijk onderzoek en je snelle beoordeling van mijn werk zeer 
gewaardeerd. 

Henriette, zonder jouw initiatief om de IVF-kinderen ook psychologisch in kaart 
te brengen, was dit onderzoek er niet geweest. Dank voor je betrokkenheid bij het 
niet-medische stuk van het project.  

Jaap, we zijn er gekomen! Ondanks de wrijving die dit soms gaf, wil ik je bedan-
ken voor het feit dat jij mij na de GZ-opleiding de vrijheid hebt gegeven om ook 
patiëntenzorgtaken te mogen blijven uitvoeren. Bedankt voor je altijd snelle beschik-
baarheid voor overleg en meedenken, ook op afstand gedurende de laatste fase van 
het onderzoek. 

Dr. M.M. van Weissenbruch, beste Mirjam, mijn grote dank gaat ook naar jou. Ondanks 
het feit dat jij geen promotor bent, heb jij gedurende dit onderzoekstraject altijd voor 
mij klaargestaan en veel tijd vrijgemaakt om mee te denken en stukken te beoor-
delen. Dank ook voor je bij tijd en wijle motiverende woorden. Ik durf te zeggen dat 
zonder jouw bijdrage dit boekje er nu (nog) niet zou liggen. 
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DANKWOORD

Manon Ceelen, fijn dat wij gezamenlijk aan dit onderzoek konden werken. Jouw 
voorwerk in de vorm van het onderzoeksprotocol en andere zaken maakte voor mij 
een snelle instap mogelijk. Het samen opwerken tijdens de metingen bij de kinderen 
heb ik als erg plezierig ervaren. Jammer dat door ons beider vertrek bij de VU het 
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een geaccepteerd stuk met jullie als mede-onderzoekers te kunnen delen.  
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Lieve Kaj, je viel er midden in, maar sinds onze eerste ontmoeting ben je de beste 
steun voor me geweest bij het beklimmen van de weg naar de laatste top, die nu dit 
proefschrift er ligt eindelijk is bereikt. Wat mij betreft is de weg nu vrij voor volgende 
stappen samen...





 

 
Curriculum Vitae



142

 

Karin Wagenaar was born on January 11th, 1975 in Amstelveen, the Netherlands. After 
graduating at the Keizer Karel college (VWO) in 1994, she started the study of Human 
Movement Sciences at the VU University in Amsterdam. In 1996 she decided to study 
developmental psychology at the Faculty of Psychology, VU University as well. After 
a research project on survivors of meningococcal disease in the Emma Children’s 
Hospital of the Academic Hospital Amsterdam (AMC) and her clinical internship 
with children with obesity in the Zeepreventorium, De Haan, Belgium, she gradu-
ated both studies in August 2000. With jobs at Heideheuvel, Hilversum, and at the 
child’s  section of the Department of Medical Psychology of the VU University Medi-
cal Center in Amsterdam, she started her career. At the last department she started 
the research project presented in this thesis, combined with clinical work as a child 
psychologist and participation in the GZ-opleiding in 2003 and 2004. After moving to 
Rotterdam in 2008 she continued working as a child psychologist at the Department 
of Medical Psychology of the Groene Hart Hospital in Gouda, and finished this thesis 
a year later.      



143

CURRICULUM VITAE

Karin Wagenaar werd geboren op 11 januari 1975 in Amstelveen. Na het behalen 
van haar VWO examen op het Keizer Karel College te Amstelveen in 1994, begon zij 
aan een studie Bewegingswetenschappen aan de Vrije Universiteit in Amsterdam. In 
1996 besloot zij tevens aan dezelfde universiteit Psychologie te gaan studeren, met 
als afstudeerrichting Ontwikkelingspsychologie. Na een onderzoeksstage bij kinde-
ren met doorgemaakte meningococcenziekte in het Emma Kinderziekenhuis/AMC 
en een praktijkstage bij kinderen met obesitas in het Zeepreventorium in De Haan, 
België, studeerde zij voor beide studies af in augustus 2000. Zij startte haar carrière 
bij astmacentrum Heideheuvel te Hilversum en bij de afdeling Medische  Psychologie 
van het VU medisch centrum in Amsterdam. Bij laatstgenoemde afdeling deed zij 
dit promotieonderzoek, gecombineerd met werkzaamheden als kinder- en jeugd-
psycholoog en deelname aan de opleiding tot gezondheidszorgpsycholoog (GZ-
psycholoog) in 2003 en 2004. Na een verhuizing naar Rotterdam in 2008 zet zij haar 
 klinische werkzaamheden voort bij de afdeling Medische Psychologie van het Groene 
Hart Ziekenhuis in Gouda, en is nu een jaar later dit proefschrift afgerond.   







Karin Wagenaar


